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to  a  s u g a r  s o l u t i o n  f ro m  w h i c h  no s u g a r  

h a s  b e e n  remove d  by  c r y s t a l l i s a t i o n *

'This i n d i c a t e s  a p p r o x i m a t e l y  t h e  p e r ­

c e n t a g e :  o f  ( p u r e ) s u c r o s e  i n  a  s u g a r  o r  

s r i g a r  s o l u t i o n *

The a m o u n t  o f  s u c r o s e  e x p r e s s e d  a s  a 

p e r c e n t a g e  o f  t h e  t o t a l  s o l i d  s u b s t a n c e s  

p r e s e n t  i n  a  s a m p l e  o f  s u g a r , j u i c e ,  s y r u p ,  

m o l a s s e s ,  i s  known a s  t h e  p u r i t y  o f  t h e  

s o l u t i o n *

RAW W4BHIMGB T h i s  i s  t h e  s y r u p  o b t a i n e d  by  c e n t r i ­

f u g a l  s e p a r a t i o n  o f  a  m i x t u r e  ( ) )  

o f  r a w  s u g a r  c r y s t a l s  and  w a t e r *  The

DIRECT 
POIARIB; 

AT ION

PUR ITT
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s u r f a c e  l a y e r  o f  t h e  c r y s t a l s  w h i c h  c o n ­

t a i n s  t h e  b u l k  o f  t h e  I m p u r i t i e s  i s  t h u s  

p a r t i a l l y  d i s s o l v e d ,  t h e  s u g a r  o b t a i n e d  

f ro m  t h e  c e n t r i f u g a l s  b e i n g  t e r m e d  "was he d"  

; s u g a r .

HiâBBEQiriTO The terar^means-  l i t e r a l l y  a  " c o o k e d  m a s s "  

a n d  . r e f e r s :  t o  t h e  m i x t u r e  o f  c r y s t a l s  a n d  

m o t h e r - l i q u i d  r e s u l t i n g  f r o m  b o i l i n g  o f  

s u g a r  l i q u o r s  i n  a  vacuum p a n .

MO A s  SES ' T h i s  i s  t h é  s y r u p  s p u n  o f f  i n  c e n t r i f u g a l s  

f rom t h e  f i n a l  m a s s e c u i t e :  t h e  i m p u r i t i e s

p r e s e n t  a r e  i n  s u f f i c i e n t  a m o u n t  t o  make 

i t  u n e c o n o m i c a l  t o  r e c o v e r  f u r t h e r  s u g a r  

from, t h i s  m o l a s s e s  b y  o r d i n a r y  m e a n s .

0RŸSTÀ1- The s u g a r  o b t a i n e d  by  s p i n n i n g  i n / c e h t r i -
LI^R SUGAR . . '

f u g a l  a mass  ecu  i  t e  b a i l e d  m a i n l y  f r o m  r a w

w a s h i n g s v

"BUFFERING" R e s i s t a n c e  t o  c h a n g e  i n  pH v a l u e  on t h e  

a d d i t i o n  o f  a c i d  o r  a l k a l i .  U s u a l l y  

c a u s e d  by t h e  p r e s e n c e  o f  s a l t s  o f  we a k  

a c id s ,  a n d  b a s e s .
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P A R T  I .

THE OCCURRENCE OF IMPURITIES 

IN VARIOUS SUGAR PRODUCTS.

I n  t h i s  i n t r o d u c t o r y  s e c t i o n ,  v a r i o u s  

i m p u r i t i e s  i n  s u g a r  p r o d u c t s  a r e  d i s c u s s e d ,  a nd  

a  s u r v e y  o f  t h e  r e l a t i v e  l i t e r a t u r e  i s  made ;  i n  

some c a s é s ,  - e x p e r i m e n t a l  w ork  by t h e  a u t h o r  i s  

d e s c r i b e d .



T im  PRÔGBBB OF SUGAR mUUFAGTURE •

( a )HAW OAKlj] SUGARS?- Raw c a n e  s u g a r s  a r e  made by

t h e  f o l l o w i n g  p r o c e s s e s  -

( l )  D e f e c a t i o n .   ̂ f

(2;) S u l p h i t a t l o n .

( 3 ) C a r b o n a t a t i o n ,  

t h e  s i m p l e  é e f a c a t l T O  p r o c e s s  l i m e  i s  a d d e d  

, to: t h e  e x t f a c t e d  J u i c e .  The p r e c i p i t a t e  p r o d u c e d  

i s  s e t t l e d  a n d  t h e  c l e a r  J u i c e  d r a w n  o f f  an d  c o n ­

c e n t r a t e d  t o  s y r u p .  This,  s y r u p  i s  b o i l e d  t o  

- g r a i n , ,  and  t h e  c r y s t a l s  s e p a r a t e d  b y  c e n t r i f u g a l s ,

t h e  m o t h e r - r l i q u o r  b e i n g  wo rked  up w i t h  f r e s h  s y r u p

u n t i l  - s u g a r  w i l l  no l o n g e r  c r y s t a l l i s e  f rom i t ,  

when i t  is,  d i s c a r d e d  a s  m o l a s s e s *

The su lp h ita tio n  and carbonatation x:>rQcessea 

are s im ila r  to those described la te r  under "Direct 

Process" sugars, but the p u r if ic a t io n  for raw 

sugars i s  not taken so far*

Raw beet sugars are gen era lly  made by au lph i- 

ta t io n  or carbonatation p rocesses. The bulk o f  

beet sugar is^roduced white for d ir e c t  

consumption*
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Cb) DIRECT. PRQCE3B SUGâPt The ta m  "Direct 

proceaa*^. or "piantatlan  whlte^ sugar is  applied  

to  sugars which, are made d ir e c t ly  from, the jfhice 

o f  the cane or beet by soma chemical process  

g en era lly  (I) ftulphâtaitloil or

carbonatation  

' :BULPHTTATlQN:; Lime i s  added to the raw Ju ice  

and sctlphur d ioxide {prod uced, by burning sulphur) 

i s  passed in , forming in so lu b le  calcium  su tp h lte . 

This p r e c ip ita te  ads orbes a t I t s  surface a prq^ 

p ortion  o f  the c o l lo id a l  im purities of the  

ju ic e .  Reparation o f  the p r e c ip ita te  is  

e ffe c te d  by décantation  o f  by f i l t r a t io n .  The 

sulphur dioxide le ssen s  the colour o f the ju ic e  

by i t s  b ièa0h ii^  (reducing) a ctio n . The 

S u lp h lta tio n  process sugars are characterised  by 

loss: o f  th e ir  w hiteness during: storage, due to 

re-^axidatloh o f  part of: ,the bleached colouring  

m atter. Such sugars are n o t s u ita b le  fo r  

d ir e c t  home consumption, being u sn a lly  re«̂  

fin ed  by animal charcoal in  the re fin e r ie s*

These sugars are p r in c ip a lly  made in  da va, Nataly 

iViauritlus:, ivtexlco, and Louisiana* 

fB) CARBONA'TATiaNT: In th is  p rocess, which i s

applied to both cane and b ee t ju ic e s ,  much more

lima i s  added i n i t i a l l y .  Carbon d iox ide i s
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passed through the limed ju ice ,a n d  the  

granular p r e c ip ita te  o f calcium  carbonate 

ca r r ie s  down w ith i t  a la r g e  proportion o f  the 

ju ic e  im purities* l i l t r a t i o n  fo llo w s , and 

i s  succeeded by treatm ent w ith  more carbon 

d io x id e  and fu rth er  f i l t r a t io n .  F in a lly  

sulphur d iox id e  i s  passed im  a f t e r  concentration  

o f  th e ju ic e  to syrup.

farbonatatlon  sugars are su p erio r  to  

su lp h ita t io h  sugars, but may a lso  lo se  th e ir  

w hiteness during storage; they are p r in c ip a lly  

made iii Java ahd f e t a l  and in  most b e e t  gpoiiiiiiges* 

countries*

(c) REFINED BUGARRrV In the refin ing , o f  raw 

sugars fo r  the production o f  f i r s t  q u a lity  

granulated sugar i t  i s  n ecessary  to  adopt a  

process in vo lv in g  the use o f  carbon, e ith e r  as 

animal charcoal o f  as " activa ted  carbon." The 

activa ted  carbons have n o t come in to  gen era l use 

in  the r e fin in g  industry. They have e x c e lle n t  

d e c o lo r is in g  p roperties, but in  the amounts used 

they do not remove ash to any g rea t e x te n t.

With anima l  charcoal, ash i s  very aaai3y removed 

in  ad d ition  to  adsorption o f  co louring  m atters.
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}9IFEERSN.G.Ea BETWEEN.

„ : V : ..DIRECTRROGERR. and HEglNED SUGARS.

I .  D irec t process sugars darken on storage, by 

re>^oxidation of. colouring m atters which are 

merely bleached and not removed by the process.

2-. D irect consumption sugars are not s t e r i l e  and 

may contain mould spores, being thus unsuit­

ab le fo r  the canning in d u str ie s , s in ce  ferment­

a tion  may a r ise  with consequent d isruption  

of: the container.

3. On b o ilin g  so lu tio n s Of d ir e c t  process cane and 

b eet sugars an albuminous ecurn .rises, which

is  objectionable fo r  the making o f co n fec tio n s .

4 . 8 u lp h ita tion  sugars are o ften  mixed, w ith u ltr a -  

marine to n e u tr a lise  any y e llo w  t in t .  This 

may caus-e the formation of sulphuretted hydro­

gen by action  with the acid in  the sugar.

,5... D irect, probess b eet sugars have an a lk a lin e  

reaction  (due to  potassium carbonate). This

a lk a lin ity  is  n o t rea d ily  to lera ted  by 

ch ild ren . This a lk a lin e  rea ctio n  may a lso  

prevent "gelling"  in  the manufacture of 

jams and j e l l i e s .

A ll the above, undesirable properties  

are caused by the incomplete removal of im p u ritie s , 

p r in c ip a lly  c o l lo id s ,  by the d ir e c t  process of 

manufacture. By the use of animal charcoal o r . 

Carbon in  re fin in g  these im purities are ad­

sorbed and removed.
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IMPURITIES IN WHITE SUGARS^

The i m p u r i t i e s  i n  a  r e f i n e d  w h i t e  s u g a r  a s  i t  

l e a v e s  . th e  f i n a l  d r i e r  i n  the-  r e f i n e r y  a r e . a s h  o r  

m i n e r a l  m a t t e r ,  r e d u c i n g  s u g a r s ,  and  o t h e r  o r g a n i c  ; 

m a t t e r .  ;. ' ,

■ D u r i n g  s t o r a g e  i n  h a g s  i n  a  w a r e h o u s e  f u r t h e r  

i m p u r i t i e s  may he g a t h e r e d  hy t h e  s u g a r ,  t h e s e  ’b e i n g  

m a i n l y  d u s t  f r o m  t h e  a i r ,  f i b r e  f r o m  t h e  h a g s ,  and  

w a t e r ,  w h i c h  i s  a b s o r b e d  u n t i l  an e q u i l i b r i u m '  h a s  

b e e n  r e a c h e d  w i t h  t h e  a t m o s p h e r e .

h  The p u r i t y  o f  an  a v e r a g e .  W h i t e  s u g a r  i s  s e l d o m  

b e l o w  9 9 . 8 ^ ' . suG.rose ( b y  p o l a r i s a t i o n  m e t h o d )  , and  

n o r m a l l y  9 9 . 9 ^ ’s u c r  o s e .  . ; p

The e s t i m a t i o n  o f  t h e  o t h e r  c o n s t i t u e n t s  i s  t h u s  

d i f f i c u l t  s i n c e  t h e y  a r e  p r e s e n t  i n  s u c h  s m a l l  a m o u n t s ,  

b u t  e s t i m a t i o n  i s  n e c e s s a r y  f o r  s e v e r a l  r e a s o n s ,  d e t a i l e d  

below» ; .

' ‘ SIGNIFIGAÎ^GE OP .IMPURITIES »

IRON:-  E x c e s s i v e - i r o n  o c c u r r i n g  i n  t h e  s u g a r  w i l l  g i v e  

i t  a  g r e y i s h  a p p e a r a n c e  w h i c h  l e s s e n s  i t s  v a l u e  on t h e  

m a r k e t , s u g a r  b e i n g  n o r m a l l y  v a l u e d  by i t s  w h i t e n e s s ,  

s i n c e  o t h e r  f a c t o r s  ( e . g ,  p o l a r i s a t i o n )  a r e  u s u a l l y  

e q u a l .
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KYGROSQQPIQ SALTS: The presenoe o f deliquescent s a l t s

such as magnesium ch loride w il l  a f f e c t  the d eterioration  

o f the sugar in  storage. Hygroscopic compounds may a lso  

occur due to the use o f  excess o f  lime in  the refin in g  

p rocess, whereby lim e-gluoose decomposition products are 

formed ?Aiich absorb water rea d ily ,

DIRT, FIBRB, e tc . This must be kept to ttie minimum 

always^for hygien ic reasons. In sp e c ia l oases i t  must 

be elim inated as com pletely as p o ss ib le  -  e .g . in  the 

sweetening o f  condensed milk where p a r t ic le s  o f  dust or 

fib re  in  the f in a l product would be ob jection ab le .

White sugars for  such purposes are tested  for d ir t  by 

d isso lv in g  200 gms. in  water and f i l t e r in g  the so lu tio n  

through a cotton  wool pad about 3 cms. in  diameter.

The d ir t  which c o l le c t s  on the pad i s  compared with  

standards.

OTHER ORGANIC MATTER: Traces o f  organic matter may

cause development o f  odour during storage, thus betaine  

in  b eet sugars g iv es  r is e  to the ch a r a c te r is tic  "beet" 

sm ell a fte r  long storage o f these sugars. Tlie presence 

o f these nitrogenous bodies may be used, in  fa c t , to 

d istin g u ish  between white cane and b eet sugars (by 

ne8s le r i s in g ) . The ash content may be used as a b a s is

in  the chemical control o f  r e f in e r ie s .

REDUCING SUGARSr-  Estim ation o f  reducing sugars w il l
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- P I  RT TESTS'ON VARIOUS• SUGARS—

WHITE SUGARS

YELLOW SUGARS

LOW YE LLOW SUGARS

RAW S U G A R S

FIG.I
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g ive inform ation regarding the purity  o f  a sugar, 

p a r ticu la r ly  with lower grade products* Ash and 

reducing sugar amounts are gen era lly  o f the same order, 

i*e* i t  i s  unusual to find a low reducing sugar content 

with a high ash content. Tlie amount o f  reducing sugars 

in  white sugars is  a lso  an index o f the ex ten t to which 

inversion  has taken p lace during the manufacturing process 

WATERr- I t  i s  w ell known that dry sugar w il l  absorb 

water u n t il  equilibrium  i s  atta ined  with tlie humidity 

p resen t in  the surrounding atmosphere. When the water 

content i s  high the sugar i s  more l ia b le  to d eteriorate  

due to the a c t iv i ty  o f micro-organisms.

For raw sugars a ten ta tiv e  figu re kno^m as a 

"factor o f  safety" has been put forward by the Oolonial 

Sugar R efin ing Go. o f  A ustra lia . This may be expressed:

Tàien ( Water )  ̂ the sugar w i l l  not
(100 -  p o la r isa tio n ) ^

d eter io ra te . The exact value o f  the factor  i s  connected 

w ith the concentration  a t  # iic h  a c t iv i ty  b eg in s, and a 

d iffe r e n t  factor w i l l  obtain  dependent on whether micro­

organisms present in  the sugar are b a c te r ia , y e a s ts , or 

moulds. The production o f large-grained  sugars with  

surface area a t  a minhftuni w i l l  le ssen  moisture absorption. 

I t  i s  apparent tliat even with h igh ly  refin ed  white  

sugars the estim ation  o f  water i s  im portant, and th is  

importance increases with lower q u a lity  products, 

e sp e c ia lly  in  buying and s e l l in g .
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SAl^STY FilGÏÛRs- Many i n v e s t i g a t o r s  h a v e  s t u d i e d  t h i s  

q u e s t i o n  o f  d e t e r i o r a t i o n , an d  t h e y  a g r e e  t h a t  t h e  

o r i g i n a l ' f a c t o r  i s  t o o  h i g h  f o r  many s u g a r s ;  and  t h a t  

t o  c o v e r  a l l  c a s e s  f o r  p o s i t i v e  s a f e t y  i t  s h o u l d  he 

e x p r e s s e d ; -

(  M o i s t u r e  ,
(ÎÔÔ^PÔÏarïsàtîon); ’ l e s s .

The c h a r t  shown h e l o w  i s  u s e f u l  f o r  d e t e r m i n i n g  t h e  k e e p i n g  

q u a l i t y  o f  a  s u g a r .  . f

BXiUÆPL g : « A s u g a r  h a s  a  d i r e c t  p o l a r i s a t i o n  o f  9 6 . 0  and  

a  m o i s t u r e  c o n t e n t  o f  0 , 9 0  p e r , c e n t , . I t  i s  w i t h i n  t h e .  

" s a f e t y  zone". .  I f  t h e  m o i s t u r e ,  w e r e  1 . 0 6  p e r  c e n t  f o r  

t h e  saine p o l a r i s a t i o n  i t  w o u ld  f a l l  i n  t h e  " d o u b t f u l  z o n e "  

w h e r e a s  a  m o i s t u r e  o f  1*37 p e r  c e n t  a t  9 6 , 0  p o l a r i s a t i o n  

w o u l d  d e f i n i t e l y  ma rk  t h e  s u g a r  a s  l i k e l y  t o  d e t e r i o r a t e .
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ABSORPTION OP Y/ATER BY WBITHÎ SUOARS.

10 grams o f each, sugar weighed in to  a P e tr i d ish  
o f  10 cms. diameter and exposed Beside dishes con­
ta in in g  water under b e ll  jars*

S U G A R
RE­
DUCING
SUGARS

ASH
ORIG­

INAL
WATER

APTER 18 
HOURS 
WATER

APTPR 66 
HOURS 
WATER

0

GRilNff- 
lATSD 1 .007 .010 .020 .100 1.55

—do— 2 .012 .011 .010 .100 1.53

-d o- 3 .016 .019 .018 .170 1.61

—do— 4 .020 .018 .014 .200 1.66

2 GRAHU- 
lAESD .046 .042 .080 .560 2.10

SCREEN ANALYSIS OF ABOVE SUGARS.

S U G A R
SIEVES -  1ŒSH EBR LINEAR INCH

20 25 30
1 Rasa-J log  30 40 ao

Pass­
ing 50

GRANÜ- 
LATffiD 1 22.5 24 .3 21.8 31.4

, „  ,

—do— S 10.6 33.4 33.7 22.3

15.5 3r0—do— 3 25.0 58.6

—do— 4 25.0 51.0 13.0 11.0

Z GRAMJ- 
LABSD. 30.0 _62,^0^ 6.0 2 .0
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-GRIST TESTS OP SUGARS.

. G r a i n  a n a l y s i s  i s  u s e f u l  i n  c o n t r o l l i n g  t h e  

o p e r a t i o n s  i n  t h e  vacuum p a h s :  i t  i s  e s s e n t i a l  t o

k e e p  t h e  s u g a r  w i t h i n  r e a s o n a b l e  l i m i t s  o f  g r a i n  s i z e .

The g r a p h i c  m e t h o d  o f  r e p o r t i n g  t h e  t e s t s  i s  shown i n  

t h e  a c c o m p a n y i n g  f i g u r e .  The s i g n i f i c a n t  f i g u r e s  a r e  

t h e  amount  o f  s u g a r  r e t a i n e d  on a  s c r e e n  o f  30 mesh  p e r  

l i n e a r  i n c h  ( d i r e c t l y  p r o p o r t i o n a l  t o  t h e  c o a r s e n e s s  o f  

g r a i n )  an d  t h e  amount  o f  s u g a r  p a s s i n g  t h r o u g h  a  50 mesh , 

s c r e e n  ( i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  c o a r s e n e s s  o f  g r a i n ) .  

By r e p r e s e n t i n g  th e . v e r t i c a l  s c a l e s  a s  shown,  one d i r e c t  

a n d  one i n v e r s e ,  r e s u l t s  may he r e c o r d e d  a s  i n  l i n e s  

1 ,  2 f  a n d , 3 .  .

L i n e  1 shows 31 p e r  c e n t  o f  c o a r s e  g r a i n  ( a b o v e  30) 

and  16 p e r  c e n t  o f  f i n e  g r a i n ’ ( b e l o w  5 0 ) s  ’ t h e  s u g a r  i s  

t h u s  a  r a t h e r  c o a r s e  g r a d e  o f  f i n e  g r a n u l a t e d ,  t r u e  

" c o a r s e  g r a n u l a t e d "  b e i n g  much l a r g e r .  S u g a r  2 h a s  

16 p e r  c e n t  on 30 me sh  and  26  p e r  c e n t  t h r o u g h  50 m e sh ,  

a n d  i s  an  " e x t r a  f i n e "  g r a n u l a t e d .  S u g a r ' 3 h a s  27 p e r  c e n t  

on 30 mesh  a n d  24 p e r  ce n t :  t h r o u g h  50,  a n d  i s  t h e r e f o r e  a  

b a d l y  b o i l e d  s u g a r ,  c o n t a i n i n g  much c o a r s e  and  much f i n e  

g r a i n  m i x e d .
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ANALYSIS' OP BUaARS.

The r e su lts  below were obtained by the author in  

a sugar refin ery  and represent some f iv e  hundred 

analysés made over a period o f  three y ea rs .

ORAm 1. O fR A m iA T B li miTE SUGAR.

£SAR- RPLUGING SUGARS A S H W A T P R
& Per Gent Per Gent Per Gent

3ERIBS Kin. Max. Av. Min. Max. Av. Min. Ito.. Av.

1# .012 .050 .025 .007 .014 .010 .010 .050 .039

2. .008 .030 .017 .003 .015 .009 .025 .060 .041

3. .008 .031 .017 .005 .024 .011 .036 .080 .052

Reducing sugars estim ations were made by Ost*s 

method; ash determined by a con d u ctiv ity  method; 

water percentages by drying 10 grams in  a steam oven.

The figu res shown in the next tab le i l lu s t r a te  

the increase in  im purities as the various sugars 

decrease in  purity  -  the process o f  re fin in g  sugar 

b eing  e s s e n t ia l ly  one o f fra ctio n a l c r y s ta ll is a t io n  

on the lar^e s c a le ,  a fte r  the i n i t i a l  chemical 

p u r if ic a t io n  lias been accomplished.
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LIMITS POmïB FOR WHITS SUGARS.

a m m
o f

suGm

NORMAL ALLOWABI®
MAXIFIOM

.

sum OF
ALLOW-

Red.
Sugars

%
Ash

%

Red.
Sugars Ash

ABl®
MAXIMA

Crystal 1 .004 .006 . 0 1 0 . 0 1 0 . 0 2 0

-do— S .005 .008 . 0 1 0 . 0 1 0 . 0 2 0

Grade 1 
Granu­

la ted .
.006 .009 .014

.............-.......
.014 .028

Grade 2  
Granu­

la te d .
. 0 1 1 . 0 1 1 .015 .015 .030

Grade 3 
Granu­

la ted .
.014 .017 . 0 2 0 . 0 2 0 .040

Grade 4 
iGranu- 

la ted
.015 . 0 2 0 .025 .025 .050

Manu­
facturing
cry sta ls

.015 .015 .030 .030 .060

jOff-colour .016 . 0 2 0 .025 .025 .050

Cubes 1 .005 . 0 2 0 . 0 1 0 .030 .040

Cubes 2 .005 .025 . 0 1 0 .040 .050

Castor suRsr . 0 1 0 . 0 2 0 .015 .030 .045

Z  Granulated .030 .040 .050 .070 . 1 2 0

Methods o f a n a ly sis  -  Ost*s method for reducing sugars, 

conductiv ity  method for ash*
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Using the above methods o f analysis#  the follow ing  

r e s u lts  were obtained for B eet-sugars from seven  

d iffe r e n t fa c to r ie s
A B H HEX). SUGARS

Per Cent

017 001

012 005

017 001
018 005

Oil 001
.024 001
021 001

B eet sugars contain very l i t t l e  reducing sugar. 

This i s  prim arily the case since the sugar beetroot  

contains only a very small amount o f  reducing sugar, 

(about 0 . 0 1 0  per cent) whereas the sugar cane contains 

from 0 .4  to 2 per cent* Furthermore, the pH value is  

kept w ell in  the a lk a lin e  range during b eet sugar 

manufacture, while in  the cane-sugar process i t  i s  

often  ju s t  a t  the neutral p o in t, or even in  the acid  

range.



B E T E R M IM T IO M  O F  ASH  OH M M E RAL MATTER 
"   ̂ IH  StlG A R  PRpO TCTS ;  “

For many years the d ir e c t  In cin eration  

method of determining ash was considered the 

only accurate method, the method in volv in g  

addition  o f sulphuric acid (’bul^hated ash" )

"being regarded su ita b le  only foi* routine work*

Brown and Gamble ("Facts abdut sugar"

Dec, 15th 1923), published r e su lts  showing the 

sulphated ash method to be the more r e lia b le  

determ ination. I t  i s  now accepted that 

n eith er  method g ives an absolute measure of 

the s a lt s  present, but that the sulphated ash 

g ives r e su lts  capable o f rep lica tio n *

Withrow and Jamieson (1*1 .E,G, 15, 4 , 1923) 

found; that instead  of the normhl 1 0  per cent 

deduction from the r e su lt  to allow for the 

su lphation , 33*25 per cent was the low est deduct, 

ioh  f  or the sugar used in  : th e ir  work. They

found: p orcela in  cru cib les su ita b le  for  ash work, 

but obtained low r e su lts  with fused s i l i c a  

crucib les*

The in troduction  of e lectrom etr ic  ash

methods has shortened the time required for  ash

estim ation* These methods are described in

Spencer and Meade*a "Handbook for cane sugar

manufacturers", p. 270, (John W iley, 1929,)  
and w i l l  not be d iscussed here*
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COIIPOBITIOH OF ASH OR MIffiRAL MATTER.

The ash o f sugars can be analysed q u a n tita tiv e ly  

very com pletely, but these an a lyses do not in d ica te  

the combinations o r ig in a lly  p resen t in  the sugar, 

because o f p y ro ly tic  changes during the process o f  

ashing. ■ Sulphates and ch lo r id es , for eacample, may 

be lo s t  in  p a rt, su lphates being reduced to su lp h ite s  

or su lp h id es, w hile ch lorides may be to

ch lorine or d isp laced  by l e s s  v o la t i le  a c id ic  r a d ic lè s .

In most cases n it r a te s ,  n i t r i t e s  and ammonium 

s a l t s  w i l l  be driven o f f  com pletely.;

Carbonates occurring in  the ash;are formed p a rtly  

by the carbon d iox ide produced by the burning o f  the 

a ugar. Phosphor us and suIphur in  organ ic  c omb ina t i  on

may be lo s t ,o r  converted in to  inorganic compounds.

So far no methods have.been evolved fpr determining 

in  white sugars such organic rion-sugars as the saponins,

in d iv id u a l p r o te in s , gums, waxes, fa t s  and o i l s ,  and
oi /  '  ̂ ■ ,

.polypher^aio compounds, a l l  o f which have been shovm

to be p resen t and probably exert in flu en ce  on the

behaviour o f  sucrose during h eatin g .
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t  G T A X A S E.

The to ta l  ash in  sugars should be as low as p o ss ib le .  

The co n stitu en ts  o f the to ta l  ash vary considerablyj 

average analyses are. sho#i in  the subjoined table*

(1 ) (2 ) ( 3 )

00HSIIÏI3ÉKT S u l p h a t e d  
RaiK Cahe 
S u K s r  A èh

Cane
S u g a r

A sh .

B e a t
S u g a r

A sh .

S i l i c a 6 ; 8 4 8 . 2 9 1 . 7 8

KgO 1 7 .5 4 2 8 . 7 9 3 4 . 1 9

NagO , 1 6 . 8 5 0 . 8 7 1 1 . 1 2

GaO - . I 2 .J3 S: ' 8 : 8 3 3 . 6 0

m p y  ______ _ 0 . 5 2  .. 2 . 7 3 O i i e

, : A . W  . ( 6 . 9 0 ( 0 . 2 8

PegOs- ■ . ■ '6 ,4 1  ■ . ■ -

0 1 -  , , ^  2 . 7 7

PO3  - 2 6 . 8 7 4 3 . 6 5 4 8 i 8 5

L o s a  on  
i g n i t i o h "  l i 7 5 ^  
c a r b o n  8 . 0 5 ^  : 

COg

9 . 8 0

lie s  à  0 S C l
1 0 0 . 4 7

. 6 2
1 0 0 . 0 6 9 9 . 9 8

9 9 . 8 5

(1 ) Average, o f  Raw Sugar samples from à R efinery over 

one year.

(2) & (3) From "Sugar Growing & Refining"

Xook, Wigner, & Ear land, Spona (1885).
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A m L Y SSS OF THE (SlftgH AH üD) OF VARIOÜS RAW 88GARS.
- n u i ^ — i ^ ^ l l  niiW-W**ii.*mi-iJil .  -iiM I ■■ niiwi iM II ^  T~~T' r ‘il ~ "  "~  ' I —      r  '  ' ' ' ---------------- --— ^  

Sugar
A

$ on Ash
O rigin. Ash on 

Dry. GaO

A1 2 0 5
V s

A ustra lia  . 0 .2 3 12.96 11.42 30.20 5i01

A rgentine 0.51 1 0 . 8 8 6^54 8 .27 4 .54

B ra z il 0 .51 17.63 9 .58 30.15 lé  71

Demarara . 0 .46 15.67 23*63 15.12 2 . 1 1

h a ta l 0.43 13.79 15.68 46.20 1.63

Peru 0.90 12.38 8169 19.33 3 .90

The pho&phate content i s  o f  primary importance to  

refin ers*  Sugars, low in  phosphate are n o toriou sly  

d i f f i c u l t  to f i l t e r .  Phosphate may be added a r t i f i c i a l l y ,  

in  f a c t ,  to help the f i l t é r i r #  I q h â lit ie s .

The s i i i c a  is  g en era lly  inoouous, but may cause 

f i l t r a t io n  trouble i f  c o l lo ïd a l .  The calcium oxide in  

raw cane; sugare v a r ie s  from, 12 ^  14 per cen t. This i s  . 

important la te r  on in  p rocess, as so lu b le  calcium s a lt s  

are p o s it iv e  molass;es-form.ers, so th at excess o f  th ese s a lt s  

w il l  dim inish the y ie ld s  o f  white sugar. Thus a 4th  

syrup may contain  2  per cent o f  ash and 25 per cent o f  th is  

ash may be calcium (ca lcu la ted  as o x id e ) . The d é c a lc i­

f ic a t io n  o f  sugar liq u o rs  by adding sodium carbonate i s  not 

easy , s in ce  excess, o f soda i s  hot recoverab le, and seems to 

combine w ith or destroy the lé v u lo se .

The above an alyses were made by the Author.
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APPROXIMATE 8 ULPHAŒD ASH COMTBWT OP VARIOUS RAW OAKS
SUGARS.

SUGAR■ORIGIN ^ ASH on DRY.

AUSTRALIA 0 . 8  -  0 .5

BARBADOS • '> 0 .6  -  0 .7

BRAZIL 0 .3  -  0 .8

BRITISH,WEST INDIES 0 .5  -  1 .0

CUBA : 0 .5  -  0 .8

.ÜEMERARA , ,. 0 ,5  -  0 . 8

JAMAICA 0.5^? 1 .0

JAVA ; 0 , 1  -  0 .5

MAURITIUS 0.05 -  0 ,15

MOZAMBIQUE : 1 ,0  -  1 ,30

NATAL' . ■ 0 , 8  -  1 .0

PERU 0 .4 5 -  0 .75

SAN DOMINGO 0 .5  ~ 0 , 8

These fig u res  were extracted  by the author from 

r e s u lt s  obtained by him over a period  of some three yeare^ 

The number of è'amples ranged from over 100 in  the case 

of Cuban sugars to  at le a s t  10 in  the case of sugars le s s  

freq u en tly  imported
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TYPICAL glGTOES FOR CALCIUM AND FOR ALKALIS IN REFINERY 
AETER-PRODUCT SUGARS ARB SHOWN HERB;- ,

REFINERY YELLOWS AND LOW PRODUCT

No. Total Ash ' ^GaO in  Ash ^(NaSG)
r (kso y

i n As h

0*47 4 .0  61 , 8

(2 ) 1 ,1 2  1 .8  4 5 , 1
(5 ) , 1 .2 6  4 ,8  ; 6 2 . 8
( 4 ) 1^62 1 ,5  4 1 . 8
(5 ) 0 .6 9  2 3 .5  2 1 . 4
( 6 ) 0 ,6 6  1 5 .0  3 5 . 6
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X̂EBÎRBiEHîHmL WORK ON DFŒRMimiIOM OF ABH IE R4W SUGAR

5 gms. gëruvâan raw sugar used in  each t e s t .
Moisture per cent in  sugar - 1.27 per cen t.

SICRIEIS I .

vEsasx
SUBSTAKŒ

K D m v
fa .

ASH
I

K.
ASH
II.

f  ASH 
MINUS 
1 / 1 0  

I .

^ ASH 
MINUS
1/10

II .

MEAN

fa

S il ic a N il 0.540 0.552 0.516

S i l ic a
0 .5  cc. 

: H2 SO4 0.700 0.682 0.630 0.614 0.622

Platinum : -N il 0*594 0.600 0.597

Platinum
I CO.

V 0.780 0.756 0.7,02 0.682 0.692

Platinum'
6*5 gms.

Q.uartz. Sand 0.524 0.574 0.549 ■

Platinum
2  gms . 

V aseline 0.650 OéëlO
K

0.630 0.591 0.611

P orcela in ' » a 0.610 0.630 0.620
I. CO.

P orcela in HgS0 4 0.730 0.718 0.657 0.646 0.652

3f Obrreçted for ash in  vaseline*

The mean r e s u lts  shown are minus ohetenth where 

sulQihfi# acid has been used. Concentrated SulpM ric 

Acid (1*84 sp . g r a v ity ) was used *
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The present w riter  found a progressive lo s s  in  

w eights wit% fused s i l i é a  crucib les*  s ta r tin g  

with two new s i l i c a  cru c ib le s , s ix  ce:Ëtümatiem s of 

ash were made w ith each, using 5 gms# of Peruvian 

raw sugar and 1#0 oo# of 50 per cent sulphuric acid .

Heating

1

e

3

#5'
6

Oruolble ¥  
Loss In weight 

SIS.

0.0012

0.0014

0.0013

0.0016

0.0009

0.0010

Gpuolble IT 
Loss in  weight

em*

O .0 0 7 4

0.0063

0.0032

0.0030

0.0045

0.0027

These decreases appear to  be due a t f i r s t  to  

attack  of the fused surface of the new c ru c ib le . 

In la te r  use the lo s s  decreases, p o ss ib ly  sin ce  

there i s  then some gain as w ell by the cru cib les  

by absorption of s a lt s  from the ash.
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ASH ESTIMATIONS SERIES I I .

5 gras, same Peruvian Raw Sugar (1 .2 7 $  m oisture)
used in  each t e s t .

EEEBOI OF VARYING QUANTITY OE SU1PHÜRI0 ACID

VESSEL
StePHÎÎRid ÂCÏB 

ADDED
_L.......  , , . . . . , .  ,  -

ASH
$ ASH 
MINUS 

l/lO- - V n . .  . I . . .

Platinum I ca. 10;̂ 0 .700 0.630

n 5 oca.1 0 ^ 0.800 - 0.720

« " I  cc* 60^ 0;782 . 0.703

» 2  CCS*50^ 0.789 0.710

tt ' 1  CG.concentrated 0.780 0.702

u % 0  008* " 0.782 0.703

ir 2 . 6 0.786 0.707

E lectro -
m etric
A b U ; >5

-  i
0.610



BIBQÜSSIQN OF MSULTS OF ASH DElFRMINATIONî

The s i I ic a  crucible. ?fith the suIphation method 

appears to g ive  low r e s u lt s ,  th is  being due probably to 

the etching o f thé crucib le  by the hot a c id . The 

d ir e c t  method w ithout sulphating appeara to g iv e  low  

and variab le  r e su lts ;  a l l  the sulphated ashes are 

h igh , some deduction being necessary.

The wholé  s e r ie s  i l lu s t r a t e s  the r e la t iv e  inaccuracy 

o f the in c in éra tio n  method.

A control t e s t  was made by burning o f f  100 gms; 

o f the same Peruvian Haw, Sugar in  a làrge' platinum  

v e s s e l  in  instalm ents using 2 0  c c s . o f  sulphuric a cid .

The r e s u lt  obtained .was 0*690^ ash.

From these t e s t s  i t  would. seem th a t an adequate 

quantity o f su lphuric acid must be added, and that 

the most c o n s is te n t  r e su lts  are those using platinum  

d ish es.

The in c in éra tio n s  were- carried out in  a i l  ca ses  

in  an e le c t r ic a l ly  heated m uffle furnace a t a temperature 

not exceeding 750°^»
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OCCURRENGB OF HTOATIHIR ME TAIS IN SUGAR PRODUCTS*

The m etals most commonly te sted  for in  sugars 

are copper# lead# t in  and a rsen ic . R esu lts ob­

tained by the author are shown here*

ARSENIC (Marsh* B Test)

SAlCPIiE
PARTS per . 

MILLION 
OBBERVSD , 

s m  IN.. 
Approx.,

P.p.m. As 
corrected  
for blank

^ As

Peruvian" 
Raw Sugar 1 0*9 t 0.00009

Guban . 
Raw Sugar 1 . 0 1*4 . 0.00014
M auritius

0 .5 0 .4  . 0.00004
Yellow Re­
fined  Sugar . ' 0 .5  , 0 .4  ; 0.00004
R efinery  
M olasses :. 0 * 1 0 . 0 N il.
D irect
Process
B eet Sugar . 0 é 7 0 . 6 0.00006

The blank showed l/lO  part per m illio n . The

results; above ywere obtained by comparison w ith  

standard s ta in s  in the/usual way.

The r e su lts  obtained here are a l l  below the 

government l im it  for so lid  fo o d stu ffs  ( 1 0 0  grain

per pound).



OOPPÉR AND TIN; The presence o f copper , and t in  in

sugar products: i s  purely  ad ventitious#  amd i s  gener­

a l ly  due to the storage o f the product (u su a lly  syrup) 

in  metal con ta in ers. . Copper may be acquired by 

b o ilin g  o f  the products. in  vacuum pans? made o f th is  

metal* R esu lts  obtained by the author for golden  

syrup are shown below*

GOLDEN B'YRUPB TESTED AFTER LYING FOR 1 YEAR IN TINS.

smiPŒ
PARTS PER MILLION 

TUT

0 .3  

1*7 

1*5

15

IE

25
w n w,  I  ̂mr'« #

The above r e s u lt s  show th at iron  i s  the pre­

ponderating heavy metal in  the sugar product examined.

The copper-was estim ated by sodium d ie th y ld ith io -  

carbamate-( Sal Ian and Henderson, A n alyst, 54, 650 (1929) 

the iron being f i r s t  removed by double.p r é c ip ita tio h  

as hydroxide j and the copper then p rec ip ita ted  as  

sulphide from a so lu tio n  a t pE 3 .0 .

The t in  was determined by a m odified form o f the 

molybdenum blue method recommended by F e ig l (Oheiui 

3tg* 47> 561, 1923j . This m od ification  i s  described  

by S trafford  ( in s t i tu te  o f  Chemistry le c tu r e , 1933, p;25)
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Manufaoturers o f food products h ave. long 

recognised th a t some commercial w hite sugars when 

heated , withstand elevated  temperatures w ith le s s  

decomposition or w ith le s s  formation o f Invert sugar 

than o th ers. S im ilarly  one o f two sugars may be 

more su scep tib le  to ferm entation than the other, 

although they may be in d istin g u ish a b le  when examined 

for ash , Invert sugar, sucrose, pH, colour, or 

tu rb id ity .

This; d ifferen ce  o f behaviour can only be a t t r i ­

buted to the presence d f minute q u a n titie s  o f  

im purities. Which have e ith er  been considered as not 

worthy o f estim ation , or e ls e  incapable o f da termina tion^

A study o f  several such im p u rities has been made 

by the CGafbohydhatles D iv is io n  o f the Bureau o f  

Chemistry and S o i l s , U.S.A.

The main r e su lts  obtained in  th is  work are 

summarised on the fo llow ing  pages.
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i .  MIIROGEH IK TOim SUGARS. , 
j;x.e.c, , .

ambler & R yall V ol:4 , Mo.1 ( 1958) P .34.

sugar
TOTAL
HITRO-
a m
P .p.m.

PROTEIN
N

P.p.m*

m iN o ■ 
AGID 

N.
P. p.m.

Al/MONIà
N as 

NITRiVTHÎ
N as  
NITRIŒ

1 35 0 .3 3 .5 0 4 0.004

2 45 5 .9 4 .0 0  . 8 0.004 '

3 5 , 0 0 1 '■ 5 0

4 1 0 1 . 0 5 .5 2 4 0.014

5 35 0 . 8 5 .5 . 0 8 0.024

6 . \64'--' 1 .5 1 . 0 2 30 0 . 0 0 0

Max. 186 1 0 ; 0 1 2 1 2 0 . 0 0 1

Min* 4 0 . 0 0 . 0 1 . 0 2 . 0 0 . 0



(2:) SIL IC A  and > 2 ^ 5  WHITE SUGARS

Ambler & B ya ll J .I.S .G * Anal.Bd. T o i.4 No.3 (1932)
. p*325. •

SAîÆPEB BILIGA
P.p.m*

ORGAN#
%%
P.p.m.

" INORGANIC
PgOg

P.p.m.

1 a .  7 0 . 0 0 . 0

g; 2 9 . 0 0 . 8 0 .3

S . ■ 2 1 . a 1 . 1 trace

45 .1 1 . 1 trace

5  v" 38.5 0.5 0 . 1

e  ' 9 .4 - 0 . 6 trace

7 8 . 0 0 . 6 trace

8 0 3 . 0 0 .3  ^ 0 . 3

2 9 . 0 1 . 1 trace

10 : . 52.3 1*1 0 . 0

Phosphates are present in  the ju ic e s  o f the 

sugar cane and o f .th e  sugar b e e t , and become lime 

s a lt s  during the manufacturing p ro cess. A sm all 

quantity of these calcium phosphates d isso lv es  in  

the liquors and may occur in  the f in a l  white sugar 

as shown above.

Organic phosphorus compounds such as le c ith in  

and the n u cle ic  acids a lso  occur in  sugar ju ices  . 

and th e ir  decomposition products (e .g ;  calcium  

glycerO"»phosphate) may. a lso  be detected in  the f in a l  

sta g es  o f sugar manufacture.
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:
(3) CHL0RIE15ÎIN TOITS SUGARS (by D irect Determ ination)
Ambler & B y a ll, J .I .S .C . (Anal.Bd.)V614 Ho.4 (1938)

p .379 .

(By t i t r a t io n  w ith 0 , 0 2  N, S ilv e r  N itr a te ).

SUGAR
0 1 -

P.p.nu SUGAR
Oi-

P.p;m.

1 7$8 1 1 33.3

2 1*4 1 2 27.7

3 40 .4 13 0 . 0

4 17.7 14 5 .0

5 53.3 15 22.7

6 0 .7 16 39.0

7 31.9 17 44 .0

. 8 ' 14.2 18 31.9

9 16.3 19 2 0 . 6

1 0 2 . 1

________

. 2 . 0 1 0 . 6



—
(4) SULPimTSS, BUIPHITSS and AIŒHYD^SlgPHITES

IN TOim  BUaARB.
Amb 1er, Snider & By&ll C J . 1.3 .0 .  V ol. 3 No, 3 Ana l.IId .)

Sulphates occur In cane and b eet sugar Juices  

in  amounts varying annually, and a lso  varying with, 

the s o i l  -type and c lim a tic  con d ition s. The amount 

o f  sulphate in  the f in a l products i s  a lso  in ­

fluenced by sulphates from the process chemicals 

and from the water used. The so lu b le  a lk a l i  

sulphates may be occluded in the c r y s ta ls .

SULPHUR .TRI0XID3 AND BUlPHUR DIOXIDE IN WHITE .SUGARS

BEET SUGARS ASH SO5 SO2

DIRECT
PROCESS B.p.m» F.p.m.

INORGANIC. 
, P*p.m*

ORGANIC
?.Pvm .

1 • 0.014 0 . 0 1 0 .2 1 .2

2 '0 .019 ; ■ 88 .3 3 8 .4 3 .1

3 0.&S4 1188.4 4 6 .1 6 .0

4 0.098 270.1 2 9 .4 4 .6

5 0.041 145.8 1 8 .0 0 .4

6 0.009 0 . 0 6 . 1 0 .9
CANE SUGARS 

, DIRECT 
PROCESS

'

1 0.061 849.9 2 9 . 9 2 . 9

2 0.018 24.0 0 . 9 0 . 0

3 0.048 44.6 1 . 3 2 . 1

4 0.015 19.0 2 . 2 0 . 8
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SniPHUR TRIOXim AND SULPHUR DIOXIDE IN WHITE) BUGA

REFINED ASH S O g S O g

C A W  ; 
SUGARS. P.p.m.

INORGANIC
P.p.m*

ORGANIC
P.p.m;

1 0.004 0 . 0 0 . 6 0 . 0  .

2 0.005 0 . 0 . 0 .5 0 . 1

0.006 0 . 0 0 .4 0 . 0

4 0.003 0 . 0 . 0 .4 0 . 0

5 0 * 0 1 0 : 0 . 0 0 . 6 0 . 0

The em ail amount o f  inorganic SOg indicated  

for refined  white; bane sugars i s  very probably not 

a c tu a iiy  SO-^ût-another iod ine absorbing im purity. 

Ambler, Snider & B yà ll suggest th at these o x i-  

d isab le  substances may be pbljrphenbls or tannins 

which are known oxygen absorbents. Their presence  

in  refined  sugar may be due to th e ir  p a r t ia l non- 

e lim in ation  during r e f in in g , or to the formation  

o f  polyphenols from the sugar by condensation or 

rearrangement during the r e f in in g  p rocess.
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lABII® ORGANIC SULPHUR {aS C ystine) 
in  WHITE SUGARS.

Cystine i s  a common cleavage product o f  

p ro te id s , so d er iv a tiv es  o f  th is  sulphur compound 

may he expected in  the cane and “beet ju ic e s ,  and 

conceivably in  the f in a l  white sugar. The 

accompanying tab lé shows the amounts found by 

Ambler (J .I .F .C . Anal. Ed. V o l.3 No.3 p .341).

lABIIB ORGANIC SULPHUR,AS CYSTINE.

DIREOT
PRGOBBS Sample ■ ,7 3 4 5 6  7

BEET :'■■■ 
SUGARS DéP.m* 1*5 1 .1  0 .8  0 .8  1 .6  2 .9

DIRECT
RROOESS Sample 1 2 3
CANS:
SUGARS P.p.m. 3 .4 0 . 8 0 .4

EBFÏNBD Sample 1 2

CAm . 
SUGARS P.p.m* ' 1 .4 tracé 0*3
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r n s m in m io m  og  ih  the: u m m  CRYETAL.

Keane, âmbler & B ya ll, (cT^ï.R.G* 27, 30* 3̂ 1935) • 

sUo^: th a t aver 5 0  p er cen t o£ the ash, su lp h a tes, 

ch lo r id es , soditm , potassltm , and t o t a l  n itrogen  

i s  lo ca ted  in  the ou ter 5  per dent o f the  

crys t s i ,  whereas, co la or, ca lc lim , and s u lp h ites  

are more unifetm ly d tetr lb u ted  fthroughout the  

whole c r y s ta l. Bereened sugars (between 30 

and 50; mesh) from various sources* were mingled 

a t  room tem perature.w ith pure sugar so lu t io n s  

of: % to  GG#E per cent coneentratlon , c e n tr ic  

fuged and. washed 1 M a ly ses  were made before  

and a f t e r  m ingling. A few o f  the r e s u lt s  

before and a f te r  m ingling are shown below .
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AHALYlIGAl DATA OH ORÏGIKâL A W ) TREAYBD SUGARS.

SUGAR:- %

1 0 . 0

. . % A A

Per Cent 
•SUGAR Re­
moved by 
MINGLING.

6 .7 6 .3

COLOUR
O riginal) . 54 42 — ■
Treated )P*p.m. 48 36 —
^Removed 1 1 14 —
— ASH
O riginal) ; 2 6 8 260 133
Treated... )P*p*m* - 98 103 43
^ Removed -  • 6 8 60 6 8

’ 80%
O riginal) 15 23 15
Treated )P.p.m. 4 2

#  Removed: . 7S 74 87
X v S O g i . ,  \  y y  .

O rig in a l): 15 27 24
Treated )p.p.m. 1 2 2 2 16
% Removed .. .. . 2 0  ̂ 18 33
\  daO
O rig in a l) 30 7 9
Treated )P.pirn. 16 6 3
#  Removed : . 47 14 67
' NagO
O rig in a l) 7 2 0 1

Tï-eatèd 1 4 1

% Removed 8 6 80 0

KgO
O riginal) 106 1 1 0 32
Treated )P.p.m. 41 41 9
% Removed 6 1 63 72

0 1
O riginal) , 8 1 0 7
Treated )P.p.m. 2 4 4

Removed 75 60 43
TOTAL N.
O riginal) - 28 15
Treated )P*p.m. - 1 1 7
#  Removed 61 53

I t  i s  to be expected that the outer s h e l l  o f  the . 
c r y s ta ls  w i l l  contain  more im purities than the in te r io r ,  
sin ce  th ese outside layers are formed during b o ilin g  
from sugar liquor which i s  becoming p ro g ressiv e ly  o f  
higher non-sugar content.
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AUXO-im^RSIOH OP snOROŒ : Experiments by

Ambler and By a l l  ( T. I.E.O . Anal. Bd. V ol.?  No. 3 

p*I6 8 , 1935) have shown th at the quantity o f  

hydrogen ions lib era ted  from sucrose i s  apparently  

enhanced by e le v a tio n  o f  temperature and th is  

causes the so -c a lle d  **^auto-inversioh*^ o f  pure 

sucrose by h eat. The io n isa t io n  o f  water i s  

a lso  increased a t  higher tem peratures, but th is  

fa cto r  i s  o f  minor s ig n ifica n ce  in  comparison w ith  

the increased io n isa tio n  o f sucrose*

Increase o f  ash in  a sugar in crea ses  i t s  

r es is ta n ce  to in version , thus sugars with ash o f  

about 0 . 0 1 0  per cent or le s s  may undergo much 

greater in version  than sugars o f  higher ash content. 

As l i t t l e  as 0 . 0 1 0  per cent, of ash may reduce 

considerably thé degree o f  au to -in version  o f  the 

sucrose. ’

mOOmoaiTION of invert sugar.; m en  heated alone  

or w ith very d ilu te  or weak acid s-b o th  the sugars 

com prising in vert,su gar pass w ith l i t t l e  d is ­

co lo ra tio n  in to  a se r ie s  o f  anîiydrîdes ranging 

from simple anhydrides such as g lucosan , levu losan  

and w-oxymethyl fu rfu ra l through reversion  products
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of', t i i e  o l i g o s a c c h a r i d e  t y p e  t o  h i g h l y  p o l y m e r i s e d ,  more 

■ co m p le te ly  d e h y d r a t e d  p r o d u c t s  o f  c o l l o i d a l  n a t u r e .

I n  a l k a l i n e  s o l u t i o n ,  h o w e v e r ,  b o t h  d e x t r o s e
I /s

and  l e v u l o s e  u n d e r g o  d e e p - s e a t e d  and  c o m p le x  i s o m e iy a t io n s  

an d  d e g r a d a t i o n s  a c c o m p a n ie d  by c a r a m é l i s a t i o n  and  

o x i d a t i o n .  T h ese  d e g r a d a t i o n  p r o d u c t s , , e s p e c i a l l y  

t h o s e  c o n t a i n i n g  an  a l d e h y d i c  c a r b o n y l  g r o u p ,  u n d e r g o  

f u r t h e r  p o l y m e r i s a t i o n s  and  c o n d e n s a t i o n s . i n  a l k a l i n e  

m e d ia ,  f o r m i n g  h i g h l y  c o l o u r e d  c o l l o i d a l  m a t t e r .

The n i t r o g e n o u s  non<^sug8.rs r e a c t  r e a d i l y  w i t h  

i n v e r t  s u g a r  t o  f o rm  t h e  i n t e n s e l y  c o l o u r e d  m e l a n o i d i n s  

o f  M a i l l a r d  ( A n n .C h im .5 ,  2 5 8 ,  1 9 1 6 ) .  - ’

The p r e s e n c e  o f  i r b n  s a l t s  .c a u se s  t h e  . - fo rm at ion ,  

o f  d e e p l y  c o l o u r e d  co m p lex  com pounds .  , I r o n  h a s  l o n g  

b e e n  r e c o g n i s e d  a s  a n , e x t r e m e l y  o b j e c t i o n a b l e  i m p u r i t y  

w h i c h  s h o u l d  be e l i m i n a t e d  f r o m  s u g a r s ,  a s  f a r  a s  p o s s i b l e .  

The o c c u r r e n c e  o f  i r o n ,  i n  s u g a r s  i s  d i s c u s s e d  i n  a  l a t e r  

s e c t i o n  o f  t h i s  w o rk .  - ' • .
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omoR organic m i t m  in  sugar propugtb: -

The organic matter other than sugars # iio h  

is  present in  a m ateria l such as raw sugar i s  o f  

w idely varying com position. Some o f the con stitu en ts  

o f  th is  organic matter are;'often referred to as 

**gums*̂  by whioh are meant those substances pre­

c ip ita te d  by a lcoh o l from an acid  so lu tio n  o f the  

sugar product. : The remaining co n stitu en ts  are

divided between s a l t s  o f organic a c id s , nitrogenous 

b o d ies , caramel, and other products o f  decomposition  

o f  su crose ,:d ex trose  and lev u lo se . The com position  

o f the other organic matter i s  therefore obviously  

extrem ely complex*

The gummy G i a t ters in te tfe r e  w ith  c r y s t a l l i s ­

a t io n , while p roteih s induce ferm entation.

Haÿewinkel (Archièf ( Java) 19.10, IS , p*44) mentions 

an instance: o f very, high gum content in  the sugar 

ju ic e s  causing extremely slow  b o il in g  in  the vacuum 

pans w ith copious formation o f  f a ls e  gra in .

The percentage o f crude gums in  a raw sugar i s  . 

known to a f f e c t  i t s  working q u a lit ie s  in  the r e -  ' 

fin ery : there may be considerable f in a n c ia l lo s s

occasioned by slow f i l t r a t io n  and c r y s ta l l is a t io n  

due to high gums content.



mTEmiimTïON of  gui/is*

The average density  o f the sample so lu tio n  should 

be arranged a t approximately 50 per cen t s o l id s . Wo t  

samples o f high gums content 1 0  ocs* is  taken corres­

ponding to 5 gms. o f the or ig in a l product, and for  

samples o f  low gums content 2 0  cce . are p ip e tte d , 

equ ivalen t to 1 0  gms. o f  the sugar product#

The sample i s  placed in  a 250 o cs. beaker and 

0*5;cc# o f concentrated hydrochloric^ acid  added for 

the 1 0  c c-s. sample o r twic e' th i  a amount for the 2 0  c c os * ; 

San pie* A lcohol o f  93. to 96 per cent strength  i s  now 

added from a slow d e liv ery -p ip e tte  w ith  vigorous 

a g ita t io n , using 50 cos. : for  ̂the 10 co s, sample or 

1 0 0 ;CCS# for the 2 0  ocs, sample. .

The p r e c ip ita te  i s  allowed to s e t t l e  for 15 minutes

and then f i l t e r e d ,  avoid ing slow  f i l t r a t io n .  When the

la s t  drop has f i l t e r e d  through, . the p r e c ip ita tC is

washed w ith  a lcohol of''the'same strength  as th at used

for p rec ip ita tion *  A Gooch cru c ib le  w ith asbestos

mat i s  preferab le for f i l t r a t io n .  The p re c ip ita te  i s

dried  a t 100 -  105^0. for one hour, cooled and weighed*

The organic matter is  burned o f f  in  a m uffle furnacb

a t low red h ea t, and the cru cib le  again cooled and

weighed. , The d ifferen ce  between the w eight a fte r  drying,

and the w eight a fte r  ig n it io n  represents the: dried gums.

The r e s u lts  o f  the determ ination are dependent upon many

fa c to r s ; : s t r i c t  adherance to the technique and method

are e s s e n t ia l  for  comparable resu lts#  (R uff and Withrow
J.I*E*C* To 1*4 No*12 1922)



E3œERIMGîNTAÎit ( l )  . T h .e _ fo l low ing; d a t a  was o b t a i n e d

b y  t h e  Alit h o r  w i t h  t h r e e  s a m p le s  o f  r è f i n e r y  m o l a s s e s , 

u s i n g  t h e  m ethod  J u s t  d e s c r i b e d .  A l l  a n a l y s e s  .a re  

show n as- p e r  c e n t  oh d r y  m a t e r i a l .

GONBTITmNT MÛIASS1S m o m  R E E IN im  O F :-
COTA RAW STOAR RBFIINED 

RAW SUGAR
NATAL 

RAW SUGAR

0 . 7 9 1* 7 1 1 .5 2

ASH. C S u lp h a te d ] 5 . 0 2 6*57 5 . 1 5

SILICA i n  ASH 7*92 9 .1 1 2 . 9 5
A M UIINOIBS b y
EfjSLLAHL m o cm ss i * i a 1 . 3 5 1 .2 3

,(S) The. f o l l o w i n g  t a b l e ,  show s th e  

glims c o n t e n t  o f  v a r i o u s  r e f i n e r y  p r o d u c t s .

No. s m w m  :
.. normal; 

BRl%°r :

. PURITY 
or DIRECT 

POLAR­
ISATION

GUMS
on

DRY pH

ASH
on

DRY

lé Peru; Raw Sugar 1*31J? water P o l. 96 .2 0.28 5*6 0.63

2 » Raw Washings. 65.0  : 81*0 1*35 4 .7 3.25

3. Washed Sugar 3. 7#s water. 98*7 0.16 7 .2 0.18

4* Raw È àssecu ite .  95.0  : 74*0 1.59 6.9 3.-42

5*
O r y sta llise r

Siigaf l*=Ofi water 98 . 6 0.14 6 . 2 0.37

6 , Molasses- 85 .0 S l .o 2*35 4 .5 5*50

7.
F iltered  
Raw Liquor , 63*0 97^4 0.37 7 .8 0.37

8 . Refined Liquor 62.5 ■99,;2 0 * 0 2 7 .1 0.17

9. Yellow Syrup 80.0 7i.® 0*77 5 .3 3.96

1 0 * YellCw Sugar 3 .3^  water P o l. 8 7 .3 0.25 6 . 0 1.55



NOTES ON THE aUMB CONTENT OF THE ABOVE PRODUCTS.

The r e su lts  for re fin ery  products are shown 

in  order o f  progression  o f  the raw sugar through 

the r e fin in g  p rocess. I t  w i l l  be observed that 

there i s  not complete elim in ation  o f  guromy matter 

by the d efeca tion  process or by th e ,f i l t r a t ion  

through animal charcoal wliich r e s u lt s  in  refined  

liq u o r#
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pH VALUE.

This was determined by an Aten Qu inhydro ne 

Electrode (Aten and van Giwoeken) (R ecueil Travaux 

Chimiques des Pays Bas 1925, p*957; 1926, p .753

and p. 792). This type has a gold-quinhydrone 

e lec tro d e , and porous alundum jo in t s  between the 

two h a lf  c e l l s  and KOI. B r id g e ., Readings were 

corrected for temperature in  a l l  cases* Frequent 

checks were made c o lo r im e tr ic a lly , and by means o f  

the Harrison g la ss  e lectrode. (G.B. Harrison,

J.O.B. 1930 p .1528)

A l l  sugars were made up in  50 per cent so lu tion s  

for pH determination. In the table below some of  

the check figures for Standard Buffer so lu t io n s  

are shown.
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GOI£PARISON OF SÏAHDMB BUFFER 30LUTI0HS BY
■,i

(a) A W  gnimYDRom: EiBOTRom

(b) HARRISON GLABB EIEOTROœ

(c) COLORBmTHIO Msmois
1) B.D.E, G aplliator
2 )  H ellîge  Comparator.

( Oalcu- Quin- H arrl- Oapili- 
son ator

S olu tion M l , M l . M l . M l .
D1-3odium ) 
Hydrogen }
Phosphate &) 3 .0 3.09 3.16 3 .2 3.2
C itr ic  Acid) 
OII.M. )

-do- 4 .0 4.08 4.02 4 .3 4 .3
—do— 5.0 4.87 5.11 5 .3 5 .2
-do- 6 .0 6.11 6 • 06 6.0 6.1
—do— 7.0 7.19 7.19 7.2 7 .3
-do- 8 .0 7.99 8 .00 8 .1 7.9

Sodlum Acetate  
& HCl. 1 .0 0.86

-do- 2 .0 1.79 - - -

Sodium Carbon­
a te  8a HCl. 10.17 10.03 - - —

10.68 10.96 — - —

10.36 10.51 - - —

The Quinîiydrone electrode is  usually  not employed 

above 8-9 pH, as considerable errors may occur due mainly 

to p o te n t ia l  d r i f t .  The colorim etric method i s  often  

lim ited  by the number of indicators a t  hand, the g rea te s t  

accuracy generally  being obtainable where a value occurs 

a t  the middle o f  a range, or vhere two indicators over­

lap a t  an end o f  their  ranges.
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pH values o f  refined oane sugars.

Sugars representing the f u l l  range o f  white 

refined products from a sugar refinery  were tested  

for pH value by the four methods below*

GRADE OF BUGAR̂
Quin-

hydrone
Electrode

Harri- 
8 on Glass 
E lectrode

B.D.H.
Cap 111- 

ator

H ellige
Compar­
ator .

Crystal 1* 6 .71 6 .76 6.9 6 .8

.Crystal 2. 6.80 6.93 6.9 6.8
Grade 1. Granu­

lated 6.83 6.80 6.7 6.8

—do— 2* —do— 6.59 6.67 6.7 6.8

—do— 3 . —do— 6 • 60 6.62 6 .4 6.5

—do— 4. —do— 6.56 6.52 6 .5 6.5
Manu faoturing  

Crystals 6.53 6.59 6.6 6 .6

Off-Colour 6.37 6.33 6 .4 6 .3

Cubes 1* 6.57 6.59 6.6 6.6

Cubes 2* 6.52 6.61 6*6 6.6

Castor su^ar 6.88 6.92 6.8 7 .0

Z  Granulated 6.26 ^ 6.28 6 .3 6 .4

These values are a l l  on the acid s id e ,  but are not 

dangerously acid . The "off-colour** sugar would 

probably deteriorate  more quickly than the others.
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pH VILUES m  A  SUGAR HEFIMRY' 

( l lo w sk l and Holven "Sugar" F eb ,, 1927).

Only a very narrow range 

of pH i s  perm issible in  

re f in in g  cane sugar. I f  

the a lk a l in i ty  i s  ex­

cess iv e  , reducing-sugars 

are decomposed with the 

fo m a t  ion o f  objectionable  

colouring m atters, and o f  

organic acids which may 

r e s u lt  in  the or ig in a l  

a c id ity  o f  the m aterial 

being restored , and in  

any case w i l l  leave  

m elassigenlc lime s a l t s  

in  p rocess , thus diminish­

ing the y ie ld  o f  c r y s ta l l is a b le  sugar. On the other 

hand, i f  not enough lime is  used, a c id ity  may cause 

considerable inversion  of sucrose with resu lt in g  lo ss  

o f sugar y ie ld .

IRODUGT pff. '

U iifiltered Raw 
Liquor 7.35

F iltered  -do- 7.  a 

7.  0 #

Av* of l iq u id s  

char
Refined liquor  
a fter  f i l -  (animal 
tra tio n  (charcoal

(7 . 0 to

(5. 5 to 
(5.75

Sweet water 
fr  om f i  1- ( a nima 1 

tra t io n  (charcoal
No.1 remelt massecuite 6.  9

No.1 -do- syrup 6.  4

No.2 —do— -do— 5.95

~ ~ 6 7 6 S

■““eVso" :

No.1 -do- sugar 

NbTs ’

No.3  —do— —do— 5.35
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pH TiainSS in  BBBT SUGAR FACTORIES OF FRANŒ

SEASON 19S7-28. E. S a il la rd .

PRODUCT

Raw D iffu sion  Juice

Battery waste pulp

Pulp press water 

1 s t  Carbonatation Juice 

2nd -do- -do-

Juic e  b efore Su lphitation  

-do- a fte r  -do-

I s t  Massecuite 

1 s t  Wash Syrup

2nd Massecuite

Molasses

2nd Sugar

Final white sugar

pH
SUGAR

5.00 13.40

6.05 0.18

3.48 0.36

10.70 11.46

9.00 13.44

8.47 52. 6

7.95 52. 0

8.77 77.2_______________

8.80 63. 4

8.70 64. 0

8.30 68. 0

8.28 51. 9

8.00 94. 9

7.50 99. 9

The values are c h ie f ly  in the a lk a lin e  range, and 

the f in a l  sugar is  d is t in c t ly  above neutral-point*



THE) DETERMINATION OF SULPHUR 

DIOZmE IN^SUaAR PRODUCTS*

The p r e s e n c e  o f  s i i l p h u r  d i o x i d e  i n  s u g a r  

p r o d u c t s ,became i m p o r t a n t  when a  l e g a l  l i m i t  

was p r e s c r i b e d  i n  1 9 2 6 .  I n  t h i s  s e c t i o n  o f  

t h e  w o rk ,  e x p e r i m e n t s  on t h e  p r i n c i p a l  m e th o d s  

f o r  d e t e r m i n i n g  s u l p h u r  d i o x i d e  a r e  r e c o r d e d *

48.
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DETERMINATlOH OF SULPHUR DIOXIDE IN SUGAR PRODUCTS.

The to ta l  free and combined sulphur dioxide  

(SOg) in  sugar a must not exceed 70 parts per m il lio n  

(or 0*007 per cent) aocording to a B r i t is h  Public  

Health Regulation vfe ich  came into force on January 

1 s t ,  1927.

This directed a tten tio n  to the determination o f  

SOg, in  sugars, and many methods were put forward, 

c h ie f  among which were -

1. The D i s t i l l a t io n  Method (Monier W illiam s, Public  

Health Report No.3 ,  1927),

8* The S ta ih  Method ( 1 .8 .J. 1926, 644)/

3 . The D irect Titration. Method (Ripper, J. Prakt. 

Ghem. 2 , 46, 428 (1892), and

4 .  D irect  P r e c ip ita t io n  as Barium Sulphate (Blarez  

and Xourrou;, J. Pharm. Ghim* 9 .533 , 1899). At

the e ighth  s e s s io n  o f the International Commission 

for Uniform Methods o f  sugar A nalysis  held in  1932 

( I . S . J . 1 9 3 3 pA62) i t  was resolved that the d ir e c t  

t i t r a t io n  method- with, iodine was sa t is fa c to r y  for  

routine te s t in g ,  but that for. exact determinations; 

the sulphur dioxide should be d i s t i l l e d  from the 

a c id if ie d  so lu t io n  a f te r  expulsion o f  the a ir  with  

carbon dioxide; the d i s t i l l a t e  should be co llec ted  

in  a d ilu te  so lu t io n  o f  hydrogen peroxide , bromine 

water, or iodine so lu t io n , or in  sodium bicarbonate



so lu t io n  with subsequent oxidation , the sulphuric  
acid formed being estimated g ra v im e tr ica lly .

Many p r lt lc ism s  have been made o f  the methods for  

the determination o f  sulphur dioxide in  food products. 

Thus the S ta in  Method i s  stated to have the d is ­

advantage o f  being hot sp eo if io  for sulphur d ioxide, 

many other sulphur-^containing compounds reacting in  a 

sim ilar  manner* The d i s t i l l a t i o n  method has a lso  

been c r i t ic i s e d  on the grounds that the oxidation  

procedure which forms part o f the method is  not 

limited, to suiphbr d iox ide , ds other compounds: 

respond to. ttie oxidation  treatment* ' . ; . .

Sulphur dioxide ̂ reapts with many/ o f  the products 

with which i t .  comes into oontàdt, and Causes ah 

immediate lo ss  o f  preserva.tiyéy. p artly  by oxidation  

and p artly  by d irec t  combination with the food 

m ateria l. This m issing proportion may/or may not 

reappear during the estim ation . Some food stu ffs  ow 

the presence o f  sulphur dioxide when none has a c tu a lly  

been added, others, which o r ig in a lly  gave no te s t  for 

sulphur, dioxide w i l l  show appreciable amounts on 

standing. The d irec t  t i t r a t io n  method with iodine  

is  a ffected  by any other substance present which 

reduces iod in e . .

I t  i s  therefore d i f f i c u l t  to find a method which 

i s  sa t is fa c to r y  with a l l  samples examined*
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AFPLIOATÏON TO SÜQM PRODÏÏOTS:

Pure sUG.rose Is s ta te d  not to combine w ith  

sulphur d io x id e  and to be n e g a t i v e l y  c a t a l y t i c  in  

a c t i o n ,  r e ta r d in g  o x id a t io n  o f the sugar by a i r .

Gorameroial sugars may contain  iodine absorbing  

substances other than su lp h ite  in  amounts s u f f i c ie n t  

to in te r fe r e  with d irec t  t itra t io n *

With raw su gars, the amount o f  sulphur dioxide  

present is' very variab le  and ndrmally depends on 

the process o f  c la r i f i c a t io n  used, in  the raw factory  

and on how e f f i c i e n t l y  th is  process i s  controlled*  

Goghill (l.B.tT. 19^0, p..359) shows a range o f

SOo content for 104 samples o f  South A frican raw sugare
- - : . ; . ' - ' -. ' / o f  14 to 288 p.p.mà for  the, iodine t i t r a t io n  method,

and of 4 tb 370 p.p.m. for the d i s t i l l a t i o n  method.

i n  the case o f  a. Natal sUgar ;made' by the carbonatation

process iodine t i t r a t io n  gave 13 .5  parts per m il l io n ,

and d i s t i l l a t i o n  5.5  p.p.m. I t  was demonstrated that

some iddine-reducing substance other than sulphur

dioxide was p resen t, by absorbing the d i s t i l l a t i o n

products by the Monier-Wi 1 liams Method ( 1 .8 .J.

1927, 571). ’

These lbdine-absorbing im purities are probably

cons.tltttèhts Of the organic matter p resen t in  the

raw sugars- e .g .  v o la t i l e  aldehydes; and Ice ton ic  a c id s .
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m m i m i i O N  and o o m m m o N  o f  m t h o d  fo r  t h e  PEO ERiam TiO N

o f SULPHlS” DIOXIDE IN SUGAR FRODUOTS ,

The methods o f d i s t i l l a t i o n  and d ir e c t  t i t r a t io n ,  

and the S ta in  method were in v est ig a ted .

1*. STAIN METHODS The apparatus used was a modified 

form o f  th a t  applied in  the laboratories o f  Tate and L y le . 

L td ., and descElbed by O gllvle ( I .S .J .  (1927) 306, 331, 

371). 'The t e s t  oonsiats o f  réduction o f  su lp h ite  to 

sulphuretted hydrogen by means o f nascent hydrogen 

generated from zinc and a c id • The mixed gases are 

passed through lead aceta te  paper and the s ta in  pro­

duced on the paper is  compared with standard sta in s  for 

evaluation o f  the su lph ite  content expressed as parts 

SGg per m il l io n /:  I  . ' ,

APPARATUS : • A f l a t  bottcmèd f la sk  o f  400 c c s .  capacity
\

i s  provided with a two-holed cork carrying a tap-funnel 

and an ordinary funnel- To the ordinary funnel a metal 

clamping device i s  attached by means o f  which a f i l t e r  

paper is  t ig h t ly  fixed  over the mouth o f  the funnel.

A cotton wool plug is  f i t t e d  in the stem o f  the funnel- 

RFAGENT8: A rsen ic-free  "Analar" %lho (washed witli

a r sen ic -fre e  hydrochlori'Çe acidanhydrous: "Analar" 

bodium su lp h ite ,  and .dilute a rsen ic -fre e  hydrochloric  

acid ( 1:2: water) are required.

STAIN PAPERS g "Whatman No. 1 F i l t e r  papers, 9 cms. diameter 

are soaked in  a 25 per cent so lu t io n  o f  neutral lead 

a c e ta te , dried s l ig h t ly  in a ir ,  and kept moist in  a 

deslocator over wet pumice.
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/ • j y .  I .— A M 'A T lA T V î IitQL’lht.11 FOh T H t  SvLI-llltil. StA K N  I L a i .I Ki% I, 'Ï I u f  renliiKnon of sulpfnte to sufphuTcttcU ĥ-dnigin nu'ans uf ra'-i*nt l i " ;... (r,,m Ilrti anJ AalI The mixel are jiiwcJ ihTongh loatf acetate |»i'rr

F IG. 4

m q n i e r - w i l l i a m s

D I S T I L L A T I O N

METHOD-FOR
SOg

C O .

P É L I G O T  T U B E S

FIG.5



■BROGBDüR^Ig I n  t h e  f l a s k  a r e  p l a c e d  50 gms. o f  s i n e ,

5 gms. o f  the sugar product. under examination and 5 ocs*. 

o f  water* , ; The ta# funnel is  charged w ith .50 ocs. o f  

the d ilu te  hydrochloric a c id , and the other funnel i s  

f i t t e d  w ith a lead aceta te  paper. The hydrochloric acid  

i s  now,slowly run in ,  and the gas evolved i s  allowed to , 

pass through the le a d .a céta te  paper for 30 minutes*

The s ta in  produced i s  then,compared with standard stains*  

These standards are replaced monthly*:

BIAMC TB8T: . The above procedure i s . followed without 

sample. The zinc i s  rarely  free  from sulphur and the 

prelim inary wash with d ilu te  acid i s  to remove th is  

sulphur.

BRBPjiRATIQF OF STAHhARÎ) .STAINSt

sodium su lp h ite  i s  added ,to: a sugar so lu tio n  made by 

d is  so Iving 3 GO. gms. o f  ; pur e sucrose in  300 Ces. o f  

d i s t i l l e d  water. The strength o f  this^ su lp h ite  so lu t io n  

i s  checked by addition, o f  4 cos. o f  standard iodine  

so lu t io n , t i t r a t in g  the excess aga in st standard th io -  

sulphate so lu t io n . The su lph ite  so lu t io n  must be 

diluted  again for d irec t  use.

Standard stains: are prepared representing ffdm 1 to . 

70 parts o f  SOg par m illio n .

NQTEBl Sulphides,, i f  present can be d istingu ished  by 

replacing the s in e  by marble.

The d i s t i l l a t i o n  t e s t  i s  normally only resorted to 

when the s ta in  te a t  shows: SOg content o f  the sample to /  

.be above the l im it  o f  70 p arts  per m il l io n .



B B S U I.T S  Ô]? D IB m  i m T  l o m  G F S D I.gHUR D I O X I Ï ®  ÏK
SUGAR PRODUC'IB.

Ho. . SAMPŒ gme * TAEEH
SO 2 PARTS.,

1. Mauritius: raw sugar 2. 5- m

24 Ban'tiomingo " 5*0 below 1

5. Java « 5*0 below i

"4.- A ustralian  ** ** 15.0 10

34 Oubén I.; *' « 5 .0 13

6. Hatal M 1*5 60

7* Peru " 5*0 10 -

.81 Cuba II* : 5*0 13

9* Oanâdlan Ye 1 low ^ 5.0 2 /

10* B r i t is h  ^ 100.0 be low *

li* Be e t  # i i t e  Sugar - I* 1 20.0 5

12. Beet lÉ iite 3ugai II*•< ' 5 .0

15. B eet White Sugar III* . 5*0 17

14* Beet White Sugar IT* 5 . 0 - 15

15* ' Beet Mil te Sugar T* 5*0 18

16*
Beet 2hâ : 
Produet Sugar ; 5*0 19

17* Golden Syrup I* 5*0 10

18* Golden Syrup II . 5 .0  ' 7 . -  ̂ '-

19. Refinery Molasses X. . 20*0 \ 15

20. • ; «■'. ' ■ I I , 5 .0 29 ' '

2l* Liquid Glucose 0*5 700

22* American Cane Syrup - 5*0 24

25* Refined # i i t e .  Sugar 100.0 . .  _  .1/20

24* Refinery Yellow Syrup 5 .0  _ _____ , 20
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HOTS. OH Tm /STAIH' m THOD: The clamp must be screwed

very t ig h t  on the f i l t e r  paper to avoid leakage.

Leaks are shown sometimes on the f in a l  paper by a 

s ta in  round the edges:. S im ilar ly  the papers should 

be examined for perforations or th in  spots  since the 

gas w i l l  take the l in e  o f  l e a s t  r e s is ta n c e .

TRBfS ON THE STâlH ICSTHOI):

BXPERlmNT l4  '

: (a) The s ta in  method was applied using 5  gms.

/  o f  .Mauritius Raw Sugar. . Result 
36; parts per m il l io n .

  ̂ . .
(b) A new paper was inserted  and the t e s t

continued for half*ah-hour. A second

; s ta in  Was obtaihed. R e su lt ; -  
 ̂ 0 0 ;̂ s  2 0 , parts per m i l l io n .  ■

' (c) A third paper was inserted  and the contents

o f  the f la sk  boiled  for half-an*hour under .:

r e f lu x . A third s ta in  darker than in  B

was obtained. . R esult?-  
Bq. S ^5 parts per m il l io n .

(d) ; A fourth  paper was inserted  and the apparatus

l e f t  overnight, the f la s k  being allowed to

cool. No s ta in  was obtained 4

BXHSRIlCSNf 2. A t e s t ,  was run as follow s ?-

The 2 inc and d i s t i l l e d  water were brought

to the b o i l  and 5 gms. o f  the Mauritius Raw Sugar

washed into the f la s k  with, b o il in g  water. The



, - 5 7 -

a p p a r a t u s  was now a s s e m b l e d  and  t h e  a e t d  a d d e d ,  t h e  

t e s t  b e i n g  c o n t i n u e d  i n  t h e  n o r ma1 w ay ,  a l 1owing t h e  

f i a s l c  t o  co o l*

A f r e s h  p a p e r  was i n s e r t e d  a t  t h e  end o f  h a l f - a n -  

h o u r  a n d  t h e  t e s t  . . co n t in u ed  f o r  a  f u r t h e r  h a l f  h o u r .  

R e s u l t ? -  1 s t  H a l f  Hour S0£ 36  p a r t s  p e r  m i l l i o n .

2nd BOg m 20 » « "

'The r e s u l t s  o f  t h e s e  e x p e r i m e n t s  d e m o n s t r a t e  t h e  

n e e d  f o r  s t a n d a r d i s a t i o n  o f  t i m e  an d  c o n d i t i o n s  i n  

t h e  s t a i n ;  t e s t *

DmmOT TITRATION METHOD FOR SOo IN/SmARB.

PROGEDURBl 20 gms. o f  the t e s t  sample are d issolved

in  .water and 5Ô co s ., o f  N iodine so lu tio n  added.

The excess iodine i s  t i tr a te d  with N Thiosulphate
. 100 

using fresh  starch  ind icator . .

NOTLt? then  the t i t r a t io n  i s  complété i t  i s  b es t  to 

check i t  by bringing back the blue colour by addition

o f  N io d in e , noting the amount arequired.
100  i.,.

The N so lu t io n s  are best. made, up each day by 
100

d ilu t io n  o f accurately  standardised N_ so lu t io n s .
1 0 .

The amount o f  . N iodine added i n i t i a l l y  can be
100

graded to s u i t  the approximate sulphur dioxide  

content o f  the sample being tested*
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Sulphur u io x iu ii .  aoFnuFf of bugàrb

BY DIRECT TITRATION MSTHOD

Ho*

Using 20 gms. o f  sang)le

-BAMPŒ

2 *

3*

5*

6 '.

7.

8  

9*

10.

l/îauritius- Raw Sugar
I > I g w iW W ^ .iLMui mil

H atal W ft

« «

Cuba I* If ft

B e e t  # i i t e  : S u g a r  f X i

n it

If n ff

B e e t  a n d  
P ro d uc t  S u g a r

Golden Syrup I,

*
Liquid Glucose
rwiwT'» iW.l S i>i mmi—

SOg
PARTS 

p e r

■64

rv 54

r 34

101

_63^

720

PAR TS PER
M ILLidH
STAÏH

rl:

36

60

10,

11

18

17

DIFFSRBHŒ

23.

I M L .

19

_ 1 2

700

 TO

16

M  

82.

S3. 

20

K 1 gm. o f  sample taken.
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I t  is  apparent from these contrasted r e s u lt s  

that the, d ir e c t  t i t r a t io n  method g ives  higher r e su lts  

than the s ta in  method, and that there i s  no uniformity  

in  the d ifferences,betw een  the two methods. The d ir e c t  

t i t r a t io n  method i s  d i f f i c u l t  to use where the sample 

i s  coloured. .77,.

The b est  a p p lica tio n  o f  d ire c t  t i t r a t io n  would 

be as a so r t in g -o u t  t e s t ,  aihce i f  the sulphur dioxide  

found by d ir e c t  t i t r a t io n  i s  below the perm issib le  

lim it: i t  would be sa fe  gen era lly  to assume that the 

ophtent by other methods o f  estim ation  would a lso  be 

below the l im it .  , '

The liq u id  g lucose  does not appear to contain  

any other,iod ine-absorb ing substance, but the error 

o f  d ire c t  t i t r a t io n  i s  consider able witEi/the other 

products. ' i ^



GO­

THS 'DISTILLATION lOSTHOD 1?0R BSTD;IAT10K OP SULPHUR

DIOXIDG IN SUGiVRS.

Tlie method due to Monier-¥iiiiaras (loc* cit*  ) tos 

used and i s  here described.

APPARATUS: A  round bottomed f la sk  o f  1500 cos.

capacity  provided with two necks i s  connected with  

a s lo p in g  r e f l e x  condenser which leads to a 200 cos. 

c o n ica l f la sk  followed by two P e l ig o t  tubes. The 

tube which enters the con ica l f la sk  reaches r igh t to 

the bottom o f  the f la sk . The con ica l f la s k  contains  

10 CCS À o f  pure ten volume (3 per cent) hydrogen 

peroxide, free from sulphuric ac id . The f i r s t  

P e lig o t  tube a lso  contains 10 cos. o f  hydrogen perox­

id e ,, and. the second contains 5 cos. o f  a mixture o f  

hydrogen peroxide and barium chloride a c id i f ie d  with  

hydrochloric ac id . This second tube a c ts  as a guard 

tube for the other two: any sulphur dioxide reaching

i t  w i l l  produce tu rb id ity .

PRO ORDURE t  The apparatus i s  connected up and 500

CCS. o f  d i s t i l l e d  water and 20 cos. o f  hydrochloric  

acid are placed in the flask* This so lu t io n  i s  

boiled  for a short time in  a current o f  pure OOg 

to remove a ir ,  the OOg. being led in  through the 

second neck o f  the f la sk .  The sample i s  now 

introduced through the neck of the f la sk .  The mixture 

i s  then boiled  for one hour in  a slow current
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o f  earbon dioxide* Just before the end o f  the 

d i s t i l l a t i o n  the flow of water in  the condenser i s  

stopped, which causes any sulphur dioxide retained  

by condensed moisture in  the delivery  tube to be 

driven over into the rece iv er .

The connecting tubes are washed down with a 

l i t t l e  water and the contents o f  the f i r s t  P e lig o t  

tube transferred to the con ical f la sk .  The liq u id  , 

which w i l l  amount to about 5Ô cos. , i s  then titrated , 

in  the cold aga in st H' 'sodium hydroxide so lu tion  

using bromphenol blue (pH range 2 .8  to 4.= 6) as 

in d icator . I f  desired; the t i t r a t io n  r e s u lt  may be 

checked by a gravimetric determination as barium 

sulphate. ■

OOlOPARISOH OP SULPHUR DjEOXIIB RESULTS BY 3 MTHODS.

DlOXim PARTS PER MIILIOS
Ho. BMÏPŒ jDISTIL-

lATION.
STAIN 
METHOD.

DIBEGT
TITRATION.

1#. Mauritius Raw Sugar _ ' M . ,  __ 36 64

2. Natal  ̂ . 56 60 83

3 .
' ' . ..."

Peru ** *' 1? 10 112

4#
B eet White 

Sugar III* 16: .15 I 41

Golden Syrup I. 15 10 63

p . ■B r it ish  Yellow Sugar 8 Below 1



I f  the. d i s t i l l a t i o n  re su lts  are accepted as 

correct i t  i s  seen-that the Stain  Method has given  

nearly correct re su lts  for each sample examined.

The d ire c t  t i t r a t io n  method is  l e a s t  accurate. In 

connection with the d ir e c t  t i t r a t io n  procedure i t  

should he observed that in  general the '*̂ ĉombined** 

su lp h ite  contained in  the sample must f i r s t  be de­

composed by preliminary d ig estio n  with cold sodium 

hydroxide followed by a c id i f ic a t io n  and immediate 

d ir e c t  t i t r a t io n .  This combined su lp h ite  may e x i s t  

in  aldehydlc^ketonic, or e s ter  form, and i t  i s  very 

probable th at such s ta b le  su lp h ite  compounds with 

sugars and starch and perhaps c e l lu lo s e ,  are quite  

if in èr t  p h y s io lo g ic a lly .  : This i s  supported by the 

IcnoTO fa c t  that they no longer in h ib i t  mould- 

growth.
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DISTILLATION RESULTS USING VARIOUS OXIDISING AGENTS.

D is t i l l a t io n  t e s t s  were made on Mauritius raw 

sugar using the fo llow in g  o x id is in g  a g en ts :-

(a) Iodine

(b) Bromine water

(c )  Hydrogen Peroxide

(d) Sodium perborate.

(a.) IODINE:: The Monier-Williams Apparatus was used

with 50Ô gmsi o f  M auritius Sugar., the d i s t i l l a t e  

being led into a! so lu t  ion p f  0 .6  gm. o f  iodine and 

0 .75  ,gm. potassium iodide in  106' OGS, d i s t i l l e d  water. 

The; sulphate was p rec ip ita ted  in presence of the 

iodine so lu tio n  and estimated g rav im etr ica lly .

(b ) BROMINE "WATER; ...Ab  in  (a) » rece iv in g  the d i s t i l l a t e

in  a f la s k  Qontaihing 50 ccs* o f  bromihè water. The 

bromine water : was bo iled  o f f  and the sulphate estimated  

gr ay ime t  r 1 ca 1 i y .

(c )  As in  (a ) ,b u t  50 c o s , o f  hydrogen peroxide  

so lu t io n , containing 10 cos. o f  100 volume hydrogen 

peroxide was used as o x id is in g  agèntiv,

( d) As in  (a ) ,  using sodium perbbrate in  placé o f  the 

iod ine .

NOTE;- A l l  reagents were tested  for su lphate, and 

where found (hydrogen peroxide and sodium perborate) 

a blank t e s t  was applied and appropriate corrections



RESULTS: m U R IT IüS SUGAR.

No. REAGENT SULPHUR DIOXIDE 
PARTS PER MILLION.

1* Iodine . 38

2. Bromine Water 26

3. Hydrogen Peroxide 3 7 .

4. Sodium Perborate 41

Hie results; for th is  sugar by the s ta in  method was 

36 p.p.m. and by d ir e c t  t i t r a t io n  64 p.p.m. The 

bromine water method has given an in ex p lica b ly  low  

r e su lt .

S y* toY î The three p r in c ip a l methods o f  determining 

sulphur dioxide in  sugars have been examined and com­

pared and r e s u lt s  are shown for various; sugar products. 

The d i s t i l l a t i o n  method (using hydrogen peroxide as 

ox id is in g  agent) need only be used when the sulphur 

dioxide found is  c lo se  to or above the maximum amount 

le g a l ly  allow ed, s in ce  r e su lts  by the s ta in  and d ire c t  

t i t r a t io n  methods normally appear to be h igh .
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.THE DETERMINATION OF 

REDUCING SUGARS.

The. e lectrdm etric  and the methylene blue 

volumetric methods of .determining reducing sugars 

have been examined, À permanent s in tered  g la s s  

c e l l  devised by the author i s  described. A study 

has been made of various fa c to rs  a f fe c t in g  reducing 

sugar determ inations.

.-,65*
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THE DETERMINATION OE REDUGXNG SUGARŜ

GENERAL INTRODUCTION,

LITERATURE:”

The l i te r a tu r e  re la t in g  to the determination of 

reducing sugars i s  very voluminous, and the methods 

proposed are more varied and have been subject to more 

rev is io n  than probàbly any other study in ’ sugar 

a n a ly s is .

Many of these m odifications are described by

Browne, (Handbook, of Sugar"Analysis, John Wiley & Sons,

1912), and some of the methods are described in d e ta i l

in the present work.

SM0IEN8KI * S CHART : -

A chart drawn up by E. Smolensk! of the P olish  
: . - 74

Sugar. I n s t i tu te  i s  shown-on p a g e /w ith  the appropriate

re feren ces .’. This chart was presented at the s ix th

session  of the International Commission for Uniform

Methods of Sugar Analysis held in London in 1936» It

ou tlin es  the p r in c ip les  of the c h ie f  methods designed

for use in the chemical control of sugar manufacture.

In general the methods of th is  chart were not

put forward as su itab le  e sp e c ia l ly  for the estim ation

of small amounts of reducing sugars such as found for

example in biochemical a n a ly s is .  As a r e su lt  a d is t in c t
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se t  of methods i s  found in th is  type of work.

KSIDUCT ION -MS-THODS ; -

The p rin cip a l chemical methods for determining 

reducing sugars are based upon the property which 

a l l  aldehydes and ketones possess of reducing a lk a lin e  

so lu tio n s  of certa in  m eta ll ic  s a l t s ,

Trommër (Ann*39, 360,). in  1841 f i r s t  introduced  

a lk a lin e  copper sulphate as a reagent to d is t in g u ish  

dextrose from sucrose, and h is  method was improved 

by Barres w il i  in :1844 ( J .Pharm ^ 6 , 301) by the 

addition  of potassium ta r tra te  which g rea t ly  increased  

the s t a b i l i t y  of the reagent by preventing p rec ip ita t io n  

of cupric hydroxide.

In 18.48, Belliing [Ann. 72, 106, 1849: 106, 75,1858} 

introduced a q u an tita tive  method based on Barresw il l  * s 

improved reagent, and gave §tp ich iom etr ica l equivalents  

between copper and dextrose,

OTHER METHODS:-

There are other methods for estim ating invert  

sugar. One of them i s  based on the reaction  of 

Iodine with reducing sugars. Dextrose and Levulose 

take up d e f in ite  q u a n tit ie s  of Iodine th u s:-

Gg Ĥ gÔ  -f- 4K0H y-31 C5 H1 OO5 GO2 K i-SKI'f*3HgO

The excess of Iodine i s  t i t r a te d  with N/lO th iosu lphate , 

1 CO, of which equals 0,009 g* of g lu cose . The
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method i s  not applicable when these sugars are to 

be estim ated in presence of excess of sucrose.

Oxidising methods employing potassium  

permanganate, chromic acid , s i lv e r  s a l t s  or bromine 

have not been brought to the stage of p r a c t ic a b i l i ty .

The oxidation process cannot be sharply lim ited  to 

a d e f in i t e  phase in the decomposition o f ,  say, 

dextrose, the sugar generally  being transformed into  

an in d e f in i te  mixture.. The id ea l reagent would be 

one which changed glucose to another d e f ih i t e  substance,

TWO TYPES OP METHOD:-

I t  w i l l  be seen from Smolénski's chart that 

methods may be divided into two c la sse s  - volumetric  

and gravim etric.

In both cases , desp ite  numerous attempts to 

improve upon the o r ig in a l proposals ( e .g .  of Pehling  

and S o h x le t) ,  there i s  s t i l l  no method which w i l l  

give p erfect  q u an tita tive  r e su lts  in the an a lys is  of 

mixtures of common sugars.

REDUCTI ON OP COPPER SALTS:-

The methods in general use to-day employ a lk a lin e  
cupric so lu tio n s  almost ex c lu s iv e ly ,  reactions in the

case of other metals such as mercury or s i lv e r  being

seldom q u a n tita tiv e .

Even with copper so lu tio n s , the oxidation of say,
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dextrose, i s  not governed by a d e f in ite  sto ioh iom etric  

reaction , and the ra t io  of 1  molecule of dextrose to

5 of copper which was regarded as constant by Eehling  

was shown by Sohxlet in 1878 Prakt. Ghem£2j 21, 2S?J 

to vary according to the excess of copper present 

during the reaction .

ERAGMEOTATIOT;-

These, t e s t s  and determinations.-are always conducted 

in strongly  a lk a lin e  so lu tion  where the sugar molecules 

are s p l i t  in to  fragments whioh are a c t iv e  reducing agents.

- H e n c e  reducing power[is a c tu a lly  a measure of 

the extent of fragmentation under a given se t  of 

cond itions.

This explains why glucose reduces approximately 

four times as much of a cupric s a l t  as would be 

ca lcu la ted  i f  thé reaction  were a simple oxidation of 

the carbonyl group to carboxyl. I t  a lso  explains why 

isomeric sugars^under p a r a lle l  conditions have 

d if fe r e n t  reducing powers.

Accurate.determinations depend upon reproducing 

the same conditions of temperature, time, concentration, 

e t c . ,  during the reduction.

REDUCINa POWER

The reducing power of d if feren t  sugars i s  not the 

same? for  examples-
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0,50 gm. of invert-sugar reduces 101,2 cos, of Fehling*sso lu tio n ,
0 ,50  " '* glucose »* 105,2 " » ”

0,50 " " la c to se  •* 74,0  ” *♦ "

0,50 " '* fru ctose  " 97,2 " " "

The reducing sugars present in sugar factory  products 

c o n s is t  gen era lly  of more or l e s s  equal amounts of 

dextrose and lev u lo se ,.

The Pehling-Sohxlet so lu tion  i s  always standardised  

under exactly  the same conditions as those of the t e s t ,  

against a neutral standard invert sugar so lu tio n ,

ALKALINITY ON REAGENT;-,

The a lk a l in i ty  of the copper reagent, i s  a most 

important fa c to r  as i t  g rea tly  in fluences  the hehaviouV 

of the reagent towards reducing sugars, and towards 

any sucrose which may he present with it^ The copper 

reagents thus f a l l  in to  two groups, those of high  

a lk a l in i ty  and those of low a lk a l in i ty .  S a il la rd  

has shown that the higher the a lk a l in i ty ,  the more 

rapid i s  the rate of reduction, hence i t  could he 

said  that i t  i s  b etter  to use copper reagents of high 

a lk a l in i ty .  However, in sugar products there i s  

always sucrose present which may amount to hundreds 

of times the quantity of invert-sugar, and th is  in 

presence of a lk a l i  a lso  causes appreciable reduction  

of cupric copper to. cuprous. The higher the a lk a l in ity
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the greater the extent of reduction. For th is  

reason a lk a l i  carbonates and bicarbonates are sub­
s t i tu te d  f o r  the hydroxides in many copper reagents 

and in thèse the action  of the a lk a l i  on sucrose i s  

very sm all.

I t  i s  considered by ^uisumbing & Thomas 

(j,Am,0 ,8 ,  P ,1503 ( l 9 2 l ) ,  that sodium hydroxide in 

F eh lin g 's  so lu tion  g ives  à more sa t is fa c to r y  

p r e c ip ita t io n  than when potassium hydroxide or the 

carbonates are used.

When sucrose i s  present in a so lu tio n  along 

with invert-sugar, the caustic  a lk a l i  of the copper 

so lu tion  attacks the sucrose and reducing substances 

are formed which reduce the so lu tion  themselves.

This action  decreases with increase of concentration  

of the sucrose on account of the simultaneously  

increasing  v is c o s i t y  of the so lu tion  which tends to 

immobilise the hydroxide ion s,

TEi/IPERATUKS OF REDUCTION;-

The higher the temperature of the reduction, 

the greater i t s  ra te , but at the same time the 

greater i s  the action  of the a lk a l i  on the sucrose.

To minimise th is  action  of a lk a l i  many of the methods 

use a reaction  temperature lower than the b o il in g  

point of the reaction  mixture, gen era lly  the b o ilin g
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point of water, and S a i l la r d ’ s method which uses  

a so lu t ion  of high a lk a l in i t y ,  completes reduction  

at a temperature of 62^. Thus, according to the 

temperature of the experiment, the methods may he 

further divided into two groups - those in which 

the reduction i s  carried out at the b o i l in g  point  

of the reaction mixture and those in which a lower 

temperature i s  used.

MODE OF HEATING.

COMPARISON OF LANE AND SYNON’S METHOD WITH THE 
m m O D  OF HEATlNG' ÎN A WATER- BATH. ”  ;

Ofner ( l . S . J .  1926 p . 618) makes the following  

objections to the volumetric method where the reaction  

l iq u id  i s  boiled

(1) The oxidation i s  inconstant in presence of sucrose.

(2) Deviations of procedure markedly a f fe c t  the r e s u l t s .

(3) Reduction v ar ies  grea t lÿ  with rate of b o i l in g .

(4) There may be great variation  in the time taken
to come to b o i l in g  point.

(5) Certain impurities influence the cuprous oxide
separation.

E. S a i l la r d  makes th is  remaihlt "One can reach b o il in g -  

point,  or b o i l ,  in a manner which var ies  considerably".

R.F. Jackson ( l . S . J .  p . 444, 1929) s ta te s  "Volumetric 

methods have one ch ie f  fa u l t  - the reaction  time must 

of n e c e s s i ty  vary while the end-point i s  being sought".
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Lane and Eynon ( l . S . J .  p . 559, 1926), g ive  th e ir  

objections to water bath heating in these words 

"In a volumetric method in which Fehli.ng’ s so lution  

i s  t i t r a t e d  to exhaustion , the r isk  of back-oxidation  

seems to make water bath heating unsuitable for  

accurate work".

OTHER FACTORS IN REACTION;-

The time of heating i s  an important-factor and 

must be accurately  contro lled .  The heating time may 

be divided into the time necessary to bring the so lution  

to b o i l in g  p o in t , and the time o f  a c t u a l .b o i l in g  

required for completion of the reaction .

Other minor fac tors  which a f f e c t  the r e su l t s  are 

the shape of the f la s k  used, the nature of i t s  surface,  

and the use of materials; such as pumice powder or t a l c ,  

used to help even e b u l l i t io n ,  and prevent super^heating.  

The r e la t iv e  convenience of the method must also  

be considered - for  example whether i t  employs a one- 

so lu t ion  of two-solution  reagent, and whether the 

reagents require frequent standardisation.

Back-oxidation may cause error i f  the temperature 

of heating i s  below b o i l in g -p o in t , or where bo i l in g  i s  

required, i f  the b o i l in g  be interrupted.

The chemicals used in the reagent should be the 

purest obtainable.



—7 4

Determination 
of reducing sugars

wittfCu without Cu
reagent reagent

temp, lower 
than ebullition

7
temp, o / 
ebullition

higher
alcai

titrahon
Q/JOtiJàxÂfêFs eochHks

1
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INCIDENGE OF ERROR IN KEBUglNÙ SUGARS ESTi m TIONS.

Consideration of the con tro l l in g  fac tors  

described shows that each factor  i s  a p o ten t ia l  

source of error*

Thé ch ie f  errors involved are

(1) Reducing action of sucrose.

( 2 ) Auto-reduction of the copper so lu t io n .

(.3 ) Lack of exact control of temperature (a) Barometric
pressure.

(h) Super 
heating.

In addition certa in  other factors  must be, controlled  

such as Î-

( 1 ) Degree of D ilu t ion  of so lu t ion ,

( 2 ) Time of b o i l in g  or heating.

( 3 ) Surface area of Solution ,

Empirical tab les  have been compiled re la t in g  to t i t r a t io n s  

at various concentrations, and allowing for the reducing 

action of sucrose under the, s t r i c t l y  standardised  

conditions o f  the given method ( e .g .  Brown, Morris & Millar  

J . Chem,8 0 c . 1897, 71, 281; Munson & Walker, J.Am.Chem.

Soc. 1906, 28, 665; Lane & Eynon, ( J . S . 0 ,1 .1 9 2 3 ,34T,

143T & 463T.)

It i s  apparent that the conditions of analysis  

must be exact ly  complied with, s ince any change may 

render the tab les  u s e le s s .  The reactions  involved  

are so s e n s i t iv e  that the amount of copper reduced
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i s  influenced to a great extent by the excess of 

copper remaining in so lu t ion ,  as w ell  as by the above 

fa c to r s .

With jpurB'?; sugars such as dextrose and invert  

sugar,the error introduced by s l ig h t  dev iat ions  from 

the standard procedure i s  not great,  but with impure 

sugar so lu t ion s  such as molasses, the error caused may 

be considerable,

DILUTION ERROR;-

The same degree of d i lu t io n  should be maintained 

for  the mixed copper reagent in a l l  experiments.

Sohxlet found that 0 .5  gm. of dextrose reduced

105.2 C C S ,  of Eehling’ s Solution when undiluted and 

only 101,1 C C S ,  when d ilu ted  with 4 parts of water: 

sim ilar  r e su l t s  were obtained with other sugars.

Such a d if ference  might produce a var ia t ion  of 

several per cent in the reducing sugar value.

I t  i s  a lso  évident that to obtain the most 

concordant r e s u l t s ,  the sugar so lution  should be 

diluted  to contain approximately the same percentage  

of reducing sugars - i . e . ,  for a given volume of 

Eehling’ s so lu t ion ,  the t i t r a t i o n  f igu res  for  d if feren t  

samples should be within narrow l im i t s ,  for example 

30 to 35 C C S .

That th is  error due to d i lu t ion  with wqter i s  

not f u l l y  appreciated in the sugar industry has been
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apparent to the author for some time. Thus in one 
sugar re f inery  d i lu t io n  of the 1 0  cos, mixed Feh ling’ s

so lu t ion  with an in d e f in i te  amount of water (approx.

20-30 C C S . ) was commonly practised . In another 

ref inery ,  15 co s . of water was used with 10 ccs .  mixed 

Fehling’ s so lu t ion  and 2 ,5  ccs .  of F eh ling’ s so lution  

was used in t i t r a t i n g  refined liquors of low reducing 

sugar content. In yet another re f inery ,  the Lane ■ 

and Eynon method was used without accurate timing and 

for the purer products only, the outside indication  

method with fsrocyanide being used for dark so lu t io n s .

À fourth ref inery  has adapted the Lane and Eynon 

method with d i lu t io n  as fo l lo w s ; -  The usual incremental 

t i t r a t i o n  i s  made, and from the number of ccs .  used, 

the amount of water i s  calculated  which i s  necessary  

to malce the t o t a l  volume 70 ccs .  at the end of the 

t i t r a t i o n .  . Thus i f  the preliminary t i t r a t i o n  i s  30 ccs.

40 C C S ,  o f  d i s t i l l e d  water i s  added in the cold before 

proceeding with the f in a l  t i t r a t i o n .

This variation  of procedure i s  bound to cause 

variable r e su l t s  from one laboratory to another.

in  a paper by Whaley in "The Planter and Sugar 

Manufacturer" Vol.LXXX, No,3 . Jan,1928, d i lu t io n  of ten ccs .  

of mixed copper so lution  to "about 1 0 0  mils" i s  

recommended. For "such material as raw sugars the 

desired re su lt  may be obtained by a larger d i lu t io n .
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say to 150 m ils ,  while with blends containing honey,

g lu c o se  a smaller volume can be maintained".

Fischer and Hooker (Journal of Laboratory 

and C lin ica l  Medicine 1918, 3, n o . 6 ) point out that  

"the d if fe r e n t  colours observed in the reduction of 

Fehling*s so lu t ion  by reducing substances are nothing 

more than colour changes coincident with a gradual 

increase in the s iz e  of the copper oxide p a r t ic le s" .

Addition of a hydrophilic c o l lo id  to the so lution  

w i l l  much delay the r a te .a t  which the various colours  

are obtained/ and in f a c t ,  the copper oxide ma,y be 

s t a b i l i s e d  in any of i t s  various, s ta te s  of sub-div is ion  

by adjusting the concentration of the solution*

"The s c i e n t i f i c  basis, of the old t r ic k  of 

d i lu t in g  heav ily  the material to be examined whenever 

questionable reductions are obtained i s  e a s i ly  seen.  

D ilu t ion  not on ly■d i lu te s  the highly concentrated  

reducing substance,’ but more important, i t  reduces the 

s t a b i l i s i n g  colloids; to a point where th e ir  powers 

in th is  d irec t ion  are large ly  lo s t" .

GENERAL INTRODUCTION TO TYPICAL METHODS :-

Volumetric ;-  Sohxlet heated Fehling’ s so lu tion  in 

an open dish and added sugar so lu tion  u n t i l  a l l  the 

copper was reduced. Greater accuracy was made 

poss ib le  by using a closed v e s s e l .  The change from 

blue to co lour less  in the Fmiperimt'unt'- l iq u id  was the
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end-point. Later potassium feniooyanide was used 

as an e x t e r n a l , indicator to f ind the end-point.

These methods were only moderately accurate  

because of the somewhat in d e f in i te  end-point, and, 

with fermooyanide, inaoouracies due to the time 

required to f i l t e r  o f f  a portion of the so lu tion  

for  the end-point t e s t .

The methylene blue modification due to Lane & Eynon 

J . 8 . 0 . 1 . ( ibid)was developed in. 1923 to remedy these  

d e fe c t s .  This method uses methylene blue as an 

in terna l  ind icator , the blue dyestuff  being reduced 

to the co lo u r le ss  lenco compduhd when i t  has reached 

a ch a r a c te r is t ic  p o te n t ia l .  The end-point is

very sharp with pure or r e la t iv e ly  pure sugar so lu t io n s ,  

but as i t  i s  sometimes obscured by the cuprcu^o oxide 

p r ec ip i ta te  in t hé b o i l in g  so lution  a l i t t l e  practice  

i s  necessary to d is t in g u ish  i t  with cer ta in ty .  

Occasionally with dark so lu t ions  the end-point i s  

d i f f i c u l t ,  to see ,  p ar t icu lar ly  when the sugar so lu tion  

i s  gummy or c o l lo id a l  -  e .g .  molasses. In addition  

the method i s  usua l ly  l im ited  to the hours of daylight,  

as the colour change i s  not clear by a r t i f i c i a l  l i g h t .

To overcome these troubles, the e lectrom etric  

method due to Tryller  |z e l t s o h .S p ir i t u s . in d .5 2 ,p ,2 7 ,1 9 2 ^  

[ s a i n t ,  l . S . J . p . 353 (1932)J , has been adopted by the 

Queensland Bureau of Sugar Experiment S tat ions  

[Laboratory Manual, 1 9 3 ^ .
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G.R.von S t i e g l i t z  and L.G, Home (Proo. Queensland 

Soc. Sugar Gane Teohn.1936, 101) have published r e su l t s  

showing very c lose  agreement between the methylene 

blue and the e lectrom etric  methods.

More recently  de Whalley j jn t .S u g .1 .1 9 3 9 ,P .312^ 

has described a modification of the e lèctrom etric  method 

heating in a water bath at 80 °G in place of bo il ing  

the so lu t io n .

It; i s  c lear that a method of  ana lys is  dependent 

upon oxidation/reduction p o ten t ia l  such as i s  that of 

estimating reducing sugars can be performed by any 

method which affords i'­

l l )  A colour-change in the system, (co lor im etr ic )

(2) À p o s s i b i l i t y  of measuring the p o ten t ia l  at
the end p o in t . -

~ (p o ten t!ometr ic
t i t r a t i o n ) .

(3) Reversal of the sign of the charge at the end
point,  

(e lectrom etric  
"null-point" method).

(4) A P rec ip ita t io n ,  In th is  case the estimation  
may be completed co lo r im etr ic a l ly ,  vo lum etrically  
or gravim etr ica lly  or by any other means which

. mëasures the change.

Method (2) has been described by Britton & P h i l l ip s  

(Analyst 65, 18,1940) fo r  the potentiometric t i t r a t io n  

of g lucose .

The p rec ip i ta t io n  method has been ex ten s iv e ly  used, 

the general procedure being to bo i l  a known volume of 

sugar so lu t ion  with excess of copper so lu t io n ,  c o l l e c t
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the cuprouHs oxide prec ip ita ted  and estimate the 

amount of copper by one of several methods.

In the fo llowing pages, the method of Lane, 

and Eynon and the electrometric method are described.  

The conditions of t e s t in g  observed in the experimental 

work on these two methods are a lso  described.
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G0miTI0N8_02_TESTim_gg8E^^

M™ISSS£â£-.ï2$S^S_^Bî5™2^SU2â5s^

(1) The various p ip e t te s  used were standardised, and .. 

were the same ones throughout these t e s t s .

( 2 ) For Lane & Eynon’ s 3 drops of methylene blue 
metho d ; - "  were used in a l l  cases .

( 3 ) The standard I ls provided with a

ca p i l la r y  j e t , jwance was made for

drainage. , .

( 4 ) D i s t i l l e d  water was used An a l l  t e s t s .

(.5) The boil ing-point;  was taken as the point when

bubbles appeared at the edge of the so lu t ion  in 

the f la s k  in addition to those f i r s t  appearing 

in the centre*

(6) "Anaiar" reagents were employed throughout.

( 7 ) Each resu lt  i s  the mean o f ,a t  l e a s t  3 t i t r a t i o n s .

(8) The gas flame was regulated by a water manometer 

in  a l l  the experiments.

( 9 ) A ll  f i l t r a t i o n s  were made in 250 ccs .  round "Monax". 

res is ta n ce  g la ss  f la sk s  with f l a t  bottom.

( 1 0 ) The f la s k  was not removed from the flame during

any t i t r a t io n :  asbestos covered wire gauze was used.

(11) The copper so lu tion  was measured always from a micro- 

burette; the a lkal ine  tar tra te  so lu t ion  was p ipetted ,

( 1 2 ) A ll  t i t r a t i o n s  were performed in day light ,  but 

not in strong sunlight .
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Reagents:- -

Methylene Blue_:*̂  1 gram of methylene blue d isso lved  

in d i s t i l l e d  water and d ilu ted  to 100 cos. The 

methylene blue should be the best b io lo g ic a l  s ta in  

quality*

m i L l H&̂ SOHXREIT ■ SOLUTION;-.

|A j  Gopher Sulphate Sol u t ion;-  34*639 gms. of

**Analar'* (a n a ly t ic a l  reagent) CuSO. *5H.O 

disso lved  in d i s t i l l e d  water and made to 500 ccs ,

W Alkaline Tartrate Solution:-.

17.3. gms. "Analar” Rochelle s a l t

50 g^s. "Analar** Sodium Hydroxide

‘ d isso lved  in d i s t i l l e d  water and d i lu ted  to 500 ccs .

The so lu t ion s  A and B are kept separately  and mixed in

equal proportions immediately before usé.

STAEDARB ITOERT SOLUTIOH:- , "

9.5 gms. of the purest obtainable refined sugar

i s  d isso lved  in d i s t i l l e d  water, 5 ccs .  of concentrated

Hydrochloric acid ( sp .g r .1 .1 9 )  added, and the so lu tion

diluted  to about 100 cos. The so lu t ion  i s  allowed to

stand for  2  or 3 days i f  the temperature i s  over 20^0.,

or a week i f  the temperature i s  lower. I t  i s  then 
diluted  to 1 l i t r e  without n eu tra l is in g  and transferred

to a s to c k -b o t t le .  The so lu tion  i s  s u f f i c i e n t l y  acid

to arrest  .development of micro-organisms and w i l l  keep

for  several months. I f  a mycelial growth does develop
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i t  may be f i l t e r e d  o f f :  the concentration of the

f i l t r a t e  remaining unaffected.

100 CCS. of t h i s  so lu tion  contains 1 gram of Invert sugar. 

STAEDARBISATIOH OR THS RRHLIHG-SOHSLST SOLUTION:- 

50 CCS. of the Standard Invert Solution are 

n eutra lised  with caust ic  soda, and made to 1 l i t r e  

with water. This so lu tion  i s  t i t r a te d  as described  

below under "Analysis" taking the mean r e su lt  of 

several t i t r a t io n s ;  25.64 ccs .  of the invert-sugar  

so lu t ion  should be required. The copper so lution  

i s  adjusted to correct strength but the a lk a l i  so lution  

need not be adjusted i f  i t  has been made up s t r i c t l y  

according to d ir e c t io n s .  '

Apparatus.:- Accurately graduated burettes were used 

for measuring the copper and preparedsugar so lu t ion s .

A standardised .5 ccs .  p ip ette  was used for the a lk a l i  

so lu t io n .  T h e ,tes ts  were made in 250 ccs .  round f la sk s  

with f l a t  bottoms,of thin .Bohemian g la s s .  An asbestos  

coated wire gauze.was used with an ordinary Bunsen flame. 

The b o i l in g  was timed in a l l  cases by a s top-c lock .

The burette was f i t t e d  with a twice bent j e t  of cap il lary  

. tubing (see  photograph page 99 ).

A na lys is : -  Incremental Test:-  A preliminary t e s t  i s  

f i r s t  made fo llowing in general the d irec t ion s  given  

below* In th is  t e s t ,  a considerable portion of the 

sugar.so lu tion  i s  added before b o i l in g ,  and the 

methylene-blue i s  not added u n t i l  near the end-point.
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Exactly 10 ces .  of the mixed Rehling-Sohxlet  

so lu t ion  are delivered  into the dry b o i l in g  f la s k .

Eo water should be added, as d i lu t io n  w i l l  give  

erroneous r e s u l t s .  Within 1 ec. of the required  

amount of sugar so lu tion  i s  now added, the so lution  

brought to the b o i l ,  and boiled  for  exact ly  2  minutes. - 

3 drops of methylene blue so lution  are now added without 

touching the neck of the f la s k .  The timing i s  started  

as soon as bubbles appear at the edges of the so lution  

as w e l l -a s  in the centre. Without removing from the 

heat or interrupting the boiling,,  the sugar so lu tion  

i s  cautious ly  added from the burette u n t i l  the end-point 

i s  reached. This should not take over a minute making 

the t o t a l  boil ing-t im e 3 minutes. After each addition  

of the sugar so lu t io n ,  the f la s k  should be given a 

rotary movement without removing from the flame. The 

so lu t ion  i s  kept b o i l in g  v igorously  throughout the t e s t  

to keep the f la sk  free  from a ir .  A very s l ig h t  contact 

with à ir  w i l l  r e -o x id ise  the methylene blue and give  

erroneous r e s u l t s .  A l i t t l e  vase l in e  may be rubbed in  

the neck of the f la s k  when so lutions  fro th  e x cess iv e ly .

End-point;- When the methylene blue i s  added i t  

colours the contents of the f la sk  a deep blue or v io l e t  

which begins to fade when a l l  but a small amount of 

the copper has been reduced. As the blue fades ,  the
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yellow. colour of most sugar so lu tions  w i l l  give the 

so lu t ion  a greenish t i n t .  This in d ic a te s  a very 

c lose  approach to the end-point and two or three drops 

more are usually  s u f f i c i e n t .  The f in a l  disappearance 

of the blue can best be seen at the edge of the so lu t ion .  

With pract ice  t h i s  can be determined so exact ly  that  

the accuracy with which the so lu tions  are made up and 

measured out i s  the l im it in g  fac tor  in the prec is ion  

of the t e s t .

Calculation of R esu lts ; -  The factor  corresponding to

the number o f  ccs .  used i s  looked up under the column 

corresponding to the sucrose concentration of the 

prepared samples, in terp o la t in g  i f  necessary, between 

the columns. ; Dividing th is  factor  by the volume of 

so lu t ion  used, and multip lying by 100 g iv es  the milligrams  

of invert sugar in 100 ccs .  of  the prepared sample.

The per cent of reducing sugars in the o r ig in a l  sample 

i s  ca lcu lated  from the amount of sample weighed for the 

orig ina l  prepared so lu t ion .

Prépar a i ion of  Sampl e : - The sucrose content of the

sample must be known as th i s  i s  used in ca lcu la t in g  the 

r e s u l t s .  I t  should not exceed 5 grams per 100 ccs .  in  

the prepared sample. The concentration of the reducing 

sugars should be such that from 15 to 50 ccs .  of the 

so lution  are required for the t i t r a t i o n .  Preferably  

the amount should be from 25 to 40 ccs.  Thus, for
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molasses 10 grams i s  a su itab le  amount to weigh, th is  

being d i lu ted  with water, c l a r i f i e d  with 3 ccs .  of neutral  

lead acetate  so lu t ion  (10 per cent) ,  d i lu ted  to 250 ccs .  

and f i l t e r e d : 50 ccs .  of the f i l t r a t e  i s  deleaded with  

so l id  potassium oxalate and d ilhted  to 250 ccs .  a f ter  

f i l t e r i n g .

Table s  of  Ractorss-  A portion of Lane and Eynon*s 

tab le  has been interpolated  for s im p l i f ic a t io n  of the 

ca lcu la t ion s  necessary in the experimental sect ion  of 

th is  work. These interpolated  tab les  are shown here:-
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(showing milligrams Invert Sugar),

10 CCS, - Rehling-Solixlet Solution/gins. Sucrose per 100 ccs .  sugar
so lution

C C S ,
su­
gar 0 0.1 0 .2 0 .3 0 .4 0.5 0 .6 0.7 0.8 0.9 1.0
solu '
t lan_

15 50.5 50.44 50.38 50.32 50,26 50.20 50.14 50.08 50.02 49.96 49.9
16 50.6 50.54 50.48 50.42 50. 36 50.30 50.24 50.18 50.12 50.06 50.0
17 50.7 50.64 50.58 50.52 50.46 50.40 50.34 50.28 50.22 50.16 50.1
18 50.8 50.73 50.66 50.59 50.52 50.45 50.38 50.31 50.24 50.17 50.1
19 50.8 50.74 50 .̂68 .60^62.^0^56.-SQifiO..60^44. 50.38 50.32 50.26 50.2 '
20 50.9 50.83 50.76 50.69 50.62 50.55 50.48 50.41 50.34 '50727" 50.2 ;
21 51.0 50.92 50.84 50.76 50.68 50.60 50.52 50.44 50.36 50.28 50.2 :
22 5 1 .0 50.93 50.86 50.79 50.72 50.65 50.58 50.51 50.44 50.37 50.3 ;
23 51.1 51.02 50.94 50,86 50.78 50.70 50.62 50.54 50.46 50.38 50.3

__ — 2B1,_8_ 51.11 51.02 -52*.93_^0^84.^0^75..50^66..50^77. 50.48 50.39 50. 3
25 51.2 '51.12 51.04 50.96 50.88 50.80 60.72 50.64 50.56 55748"'50.4 j
26 51.3 51.21 51.12 51.03 50.94 50.85 50.76 50.67 50.58 50.49 50.4 !
27 51.4 51.30 51.20 51.10 51.00 50.90 50.80 50.70 50.60 50. 50 50.4 i
28 51.4 51.31 51.22 51.13 51.04■ 50.95 50.86 50.77 50.68 50.59 50.5 !
29 51.5 51.40 51.30 51.20 51.10 51.00 50.90 50.80 50.70 50.60 50.5 :
30 51.5 51.40 51.30 51.20 51.10 51.00 50.90 50.80 50.70 50.60 50.5
31 51.6 51.50 51.40 51.30 51.20 51.10 51.00 50.90 50.80 50.70 50.6 :
32 51.6 51.50 51.40 51.30 51.20 51.10 51.00 50.90 50.80 50.70 50.6 :
33 51,7 51,59 51.48 51.37 51.26 51.15 51.04 50.93 50.82 50.71 50.6

36 B1.8 51.69 51.58 51.47 51.36 61.85 51.14 51.03 50.98 50.81 50.7 :
37 51.9 51.78 51.66 51.54 51.48 51.30 51.18 51.06 50.94 50.88 50.7
38 51.9 51.78 51.66 51.54 51.42 51.30 51.18 51.06 50.94 50.82 50.7 :

41 52.1 51.97 51,84 51.71 51.58 51.45 51.32 51.19 51.06 50.93 50.8
42 52.1 51.97 51.84 51.71 51.58 51.45 51.32 51.19 51.06 50.93 50.8 |
43 52.2 62.06 51.92 51.78 51.64 51.50 51.36 51.22 51.08 50.94 50.8 I

_44___ 52^2_52^07_51^M_51^81_51^68_M^55_51^4g_53^||_|i^l|_|l^^^
45 52 .3  52.16 52.02 51.88 51.74 51.60 51.46 51.32 51.18 51.04 50.9
46 52.3 52.16 52.02 51.88 51.74 51.60 51.46 51.32 51.18 51.04 50.9
47 52 .4  52.25 52.10 51.95 51.80 51.65 51.50 51.35 51.20 51.05 50.9
48 52.4 52.25 52.10 51.95 51.80 51.65 51.50 51.35 51.20 51.05 50.9

_ i i  5 2 ^ 5 _ 5 2 ^ 3 5 _ 5 2 ^ 2 0 _ K ^ 0 5 _ 5 L L 9 Q _ 5 1 4 5 _ |l^ |g _ ê i^ â |_ ê l^ Q _ |^ ^ ^
50 52.5 52.35 52.20 52.05 51.90 51.75 51.60 51.45 51.30 51.15 51.0
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Lane_and_E3rnonl3._Ta:ble_f or. .Mol a s s e s î. 0, .5,. .Sjju_ su 5  £ S, s e _H.r e s e n t

fi.er...l.OO..._oç.3_._ 1%. S.o.lut.ion.

C e s . ' ¥ g m s , C C S  0 1. COS. Mgms. GG s ô ÎÜgins. C C S  a l%ms a
SU r- 1 , 8 . su^ 1 . 8 . su.^ 1 . 8 . su 1 . 8 . , s u ­ 1 , 8 ,
g a r g a r g a r g a r g a r
s o l u s o l u s o l u so l u s o l u
t i e n t  i o n t i o n t i on . t i o n

1 5 . 0 3 5 5 .5 2 2 ,0 2 3 0 , 9 2 9 . 0 1 7 6 .6 36 .0 : , 1 4 3 .0 4 3 , 0 1 2 0 . 4
.2 5 3 1 .4 .2 2 2 9 . 0 ,17 5 .4 ; .2 1 4 2 , 3 .2 119.. 9

. .4 5 2 7 .4 .4- 227;, 0 .4 1 7 4 .2 .4 1 4 1 . 5 ■ ' .4 1 1 9 ,3
♦ 6 3 2 3 .3 .6 2 2 5 . 1 - . . .  6 1 7 3 . 1 ,,.6 1 4 0 . 8 , .6 1 1 8 ,8

- . 8 3 1 9 .3 .8 \ 2 2 3 . 1 .8 1 7 1 .9 . 8 1 4 0 , 0 .8 1 1 8 .2

1 6 . 0 3 1 5 .2 2 3 . 0 2 2 1 . 2 3 0 . 0 1 7 0 .7 37 .0 1 3 9 . 3 ' 4 4 . 0 1 1 7 .7
.2 3 1 1 .6 .2 2 1 9 . 4 .2 1 6 9 .7 .2 1 3 8 ,6 .2 1 1 7 . 2
• 4 3 0 8 .0 , 4 *2 17 . 6 .4 1 6 8 .6 : .4 1 3 7 .8 . 4 1 1 6 .7
.6 3 0 4 ,5 ,6 2 1 5 , 8 .6 , 1 6 7 .6 .6 1 3 7 .1 .6 1 1 6 . 3

.300^9^_ _ _ a . 8 _ .214^ :o^____ _166_^5_----- ' .138^2™ _115^8__.

1 7 . 0 2 9 7 . 3 2 4 . 0 2 1 2 . 2 3 1 .0 1 6 5 .5 38 .0 135.6;, . 4 5 . 0 1 1 5 ,3
.2 2 9 4 . 0 -.2 2 1 0 . 6 .2 1 6 4 .5 .2 1 3 4 .9 .2 1 1 4 .8

; . 4 2 9 0 ,7 .  4 2 0 9 . 0. . .4 1 6 3 . 4 .4 1 3 4 . 3 . , . 4 1 1 4 .3
.  6 2 8 7 .5 46. 207-. 4 - 4 -6 1 6 2 .4 . 6 1 3 3 . 6 \  . 6 1 1 3 .8

.2 8 4 ^3 ,____ a . 8 - .205^ 8_ .161^3_

1 8 , 0 2 8 1 , 0 2 5 . 0 2 0 4 . 2 3 2 . 0 1 6 0 .3  , 39 .0 1 3 2 .3 : 4 6 , 0 1 1 2 ,8
.2 2 7 8 .1 ,2 2 0 2 , 7 .2 1 5 9 . 4 .2 1 3 1 ,6 .2 1 1 2 . 3
• 4 2 7 5 . 2 .4 2 0 1 , 1 ,4 1 5 8 .5 .4 1 3 1 .0 : . 4 1 1 1 .9
.  6 2 7 2 , 3 ,6 1 9 9 . 6 46 1 5 7 .5 .6 1 3 0 . 3 .  6 1 1 1 .4

_ ^ 8 . _269_^4_ , 8 1 9 8 . 0 .8 1 5 6 .6 . 8 1 2 9 .7 ■ . 8 1 1 1 ,0

1 9 , 0 2 6 6 . 5 2 6 ; 0 196. 5 3 3 . 0 1 5 5 .7 40 ,0 1 2 9 . 0 4 7 . 0 1 1 0 .5
,2 2 6 3 ,9 .2 1 9 5 , 0 . 2 1 5 4 ,8 . 2 1 2 8 . 4 , 2 1 1 0 .0

' . 4 -261 ,3 .4 1 9 3 . 6 . 4 1 5 3 ,9 .4 1 2 7 .8 ,4 1 0 9 .6
, 6 258.7 . 6 1 9 2 . 1 ,  6 1 5 2 ,9 .  6 1 2 7 . 3 . 6 1 0 9 .1

__^8_ 256^1_____^8_.190^ 7 ___ _152^0_ .8 126^7._ _108jL2_.
2 0 ,0 2 5 3 , 5 27 ; 0 1 8 9 , 2 3 4 , 0 1 5 1 .1 "41 ,0 1 2 6 , 1 4 8 , 0 1 0 8 ,2

.2 2 5 1 .1 . 2 1 8 7 , 9 . 2 1 5 0 ,3 , 2 1 2 5 . 5 , 2 1 0 7 .8
,4 2 4 8 .8 . 4 186. 6 . . 4 1 4 9 ,5 .4 1 2 4 ,9 ,4 1 0 7 ,4
,6 2 4 6 , 0 ,  6 1 8 5 . 2 ,  6 1 4 8 .7 .  6 1 2 4 , 3 . 6 1 0 7 .0

2 1 .0
2 4 4 .1
2 4 1 ,7

. 8
2 8 , 0

1 8 3 .
1 8 2 .

9
6 3 5 , 0

_147.^9_
1 4 7 .1 ” 42

. 8
#0

1 2 3 .7
1 2 3 .1

. 8 _
4 9 , 0

_106^6_.
1 0 6 .2

.2 2 3 9 .5 , 2 1 8 1 . 4  ̂ è 2 1 4 6 ,3 . 2 122.6 . 2 1 0 5 .8
• 4
.6

2 3 7 , 4
2 3 5 .2
2 3 3 . 1

■ .4  
. 6

180 .
1 7 9 ,
177 .

2
0
8

. 4

. 6

. 8

1 4 5 .5
.1 4 4 ,6
1 4 3 .8

.4  

. 6
, ^ 8 .

1 2 2 .0
1 2 1 ,5

_120â,9__

. 4

.6 
___ ^ 8 -

1 0 5 .4  
1 0 4 ,9

._104^5_



. -  93^

Mote on the oreceding ta h le : -

The milligrams of invert sugar per 100 ccs* shown 

in th i s  tab le  serve to ca lcu la te  the reducing sugars 

percentage in .a .can e  sugar molasses containing  

approximately 30 per c e n t . of sucrose: t h i s  i s  a good

average sucrose content for molasses.

The table, re fers  to a 1 per cent so lu t ion  of 

molasses, conveniently made by weighing 5 grams of 

the sample and d i lu t in g  to 50 ocis*

The milligrams of invert sugar per 100 ccs,  

divided by 10 give the per cent reducing sugars : 

d ir e c t ly  for a one .psr .cent solution*
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EXAMPIÆi 0? GALCULAÏÏOĴ  POR LAJÜIS & BYETOP’S METHOD.

West- Indian Molasses*

Total so l id s  % 80,62^ (Refraotometrie)

Asîi ^ 9,36^ (Sulphated)

Sucrose ^36,65J^ (Dry lead method)

” =36,50 (Wet lead method).

The solution,was. prepared according to Lane & Dynon* s 

d irect ion s  v i z : -

13 gms, molasses made to 250 ccs^ c la r i fy in g  with  

neutral lead acetate so lu tion  and deleading by so l id  

potassium oxalate so lu t ion ,  50 ccs ,  of th i s  c la r i f i e d  

so lu tion  was then made to 250 ccs .  This so lution  now 

contained 1,04 gms, of the or ig ina l  molasses*

T itr a t io n F igures . -

(1) (2) (3) (4)
Incremental

C C S .  29.3 30.2 30.1 30.2
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Îiâîiâ-ând__Eynon Calculation ( continued)

Pactor 2&8 ' * 30.2 x 24.8
26.2 * ,

Is„Tabl e ; -

26.2 * , 26.2

CCS. mgms. invert sugar mgms, invert sugar
no sucrose 1 gm. sucrose .

100 C C S .

28, . 183.7 " ■ 180.2

29 177.6 174.1
6.1 : 6.1

. 6  X  6.1 = 3.66 mgms.
i . e .  3.7 "

179,5 Taking means  ̂ ccs, Ko suerose Ig. 100 ccs.
126.0 . “ -  .

3^5 28.6 179.5 , 176.0mgms.

,5 X .38 =^1.3 -  ̂ .

Solution contains 1,04, gms. of molasses per 100 ccs .  of

35.5^ sucrose content, equal to 0.38 gm. sucrose per 100 ccs

Solution con ta in s( l79 .5  - 1.3) = 178^2 mgms.invert sugar
per 100 CCS. - 

/ .Per cent invert s u g a r ^  10o}=.i7.i3^^
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Potentiomet r i c  determination of Reducing Sugar.

H. Try l l e r  (Z. Spiritus._ .ind. » 1929» 52» 27"28).

Abstracted in J .S .C . I . ,  1929, 48, p.225B. . ( Jj^HiLane ).

In the determination of reducing sugars by 

t i t r a t i o n  against Pehling*s so lu t ion ,  the end-point 

i s  ascertained e l e c t r i c a l l y  by the vanishing of  

p o ten t ia l  d ifference  between two thick copper wires  

(e lec trod es)  one of which i s  immersed d ir e c t ly  in 

the b o i l in g  reaction l iq u id ,  and the other i s  enclosed  

in a tube containing a s im ilar so lution  free  from 

copper, c losed at the bottom by a porous plug, and 

also  immersed in the reaction l iq u id .

The free  electrode and the tube containing the 

enclosed one pass through the stopper of the reaction  

f la s k ,  which a lso  has an opening for admission of sugar 

so lu t ion  from â burette and for escape of steam. The 

two electrodes  are wired to a galvanometer. As the 

end point of the reaction i s  approached the galvanometer 

d e f le c t io n  approaches zero and becomes extremely s e n s i t iv e  

to s l ig h t  changes of copper^content of the reaction l iq u id ,  

so that the end-point can be e a s i ly  ascertained to within

0.1 oc. of sugar so lu t ion .

This method has been put into use by Messrs.S♦J.Saint  

chemist to the Department of Agriculture, Barbardos,
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and R.R. P o l le t t -S m ith ,  Chemist«Ecologist to the 

Department of Agriculture, B r i t ish  Guiana* I t  i s  

stated  to y ie ld  accurate r e su l t s  and to he 

p a r t ic u la r ly  useful for highly coloured so lu t ions  

such as molasses. D e ta i ls  of the method are given  

in the In t ,S u g .J* ,34, 353 (1932).

Electromet r i c  method of Tr v l l e r , mod if i e d  by Saint et al 

R e a g e n t s ( a )  Pehling«8ohxlet S o lu t ion ;-  Solutions  

A & B, prepared as described under the methylene blue 

method.

(b) Sodium sulphate so lu t ion  for c e l l  

This i s  hereafter  ca l led  " p e l l - so lu t io n " .

39.415 gms. of anhydrous sodium sulphate d isso lved  in  

water and made to 1 l i t r e .

Aggaratus .

(1) An electrode o f c o p p e r  wire (about 14 s .w .g . )

(2) A c e l l  of widè (8 mms. in ternal diameter) pyrex

V g la s s  tubing with a plug of p la s te r  of Paris .  The 

plug i s  about 8 mmis. long and is .  made from a slurry  

of p la s ter  rather than a paste . I t  i s  washed in the 

c e l l  so lu t ion  and stored in the c e l l  so lu t ion  when not 

in use.

(3) A dead b ea t , moving-coil galvanometer with central  

zero, provided with press-key.
(4) 250 C C S .  pyrex round bottomed f la s k  and the 

usual burettes ,  e tc .
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- Meth o d : -  The g a lv a n o m e te r . i s  wired d i r e c t l y  to  the  

e l e c t r o d e s  through the  p ress  key.

The pyrex f la s k  i s  f i t t e d  with a cork which holds 

the copper wire e lectrode ,  the burette t i p ,  the porous 

c e l l  and the stearn-vent,

The c e l l  so lu tion  i s  made by mixing 5 cos. of the 

above sodium sulphate so lu t ion ,  5 ccs .  of Pehling-Sohxlet  

so lu t ion  B, and 40 cos. of water. This may be made up

and stored for  short periods, the l iq u id  in the c e l l

being changed every .6 determinations* ,

The p la s ter  of Paris plug l a s t s  f o r  about 25-30 

determinations, a f te r  which, the s e n s i t i v i t y  i s  reduced 

and another c e l l  i s  used. The c e l l  i s  e a s i l y  changed 

i f  the hole in the cork i s  made a s l id in g  f i t , th$n 

placing a. rubber c o l la r  round the top and adjusting i t  

to f i x  the plug at a obnvenient depth in the so lu t ion .

An asbestos d ieet  i s  f i t t e d  over the neck of the f la sk  

to d e f le c t  the. heat and f a c i l i t a t e  manipulation.

In making à determination the standard method of 

Lane and Eynon i s  followed as far as the end of the 

two minutes b o i l in g ; -  i . e . ,  when the methylene blue 

should be added. At th i s  stage the switch i s  depressed 

and i f  the galvanometer needle moves to one s ide ,  sugar 
so lu t ion  i s  added drop by drop.

The swing of the needle gets  l e s s  and l e s s ,  and 
f i n a l l y  one drop w i l l  send i t  over to the other s ide of

the zero po in t .  I t  has been found that at the end-point
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i t  i s  b e t t e r  t o  w a i t  3 t o  5 s e c o n d s  b e t w e e n  t h e  

a d d i t i o n  o f  one d r o p  a n d  t h e  n e x t ,  a s  a t  t h i s  s t a g e  

t h e r e  a p p e a r s " t o  be a  s l i g h t  l a g  b e f o r e  t h e  s y s t e m  

a t t a i n s  e q u i l i b r i u m .



- 1 0 2 -

EXPERIIEHTAL WORK.

The e x p e r i m e n t a l  w o rk  on r e d u c i n g  s u g a r  e s t i m a t i o n s  

by  t h e  L a n e - E y n o n  and  e l e c t r o m e t r i c  m e t h o d s  may be 

d i v i d e d  i n t o  s i x  s e c t i o n s ; -

1 .  Check  on Lan e  a nd  E y n o n ^ s  t a b l e s  o f  f a c t o r s 5 and

p r e p a r a t i o n  and  s t a n d a r d i s a t i o n  o f  F e h l i n g - S o b x l e t  

s o l u t i o n ,

2 , T h e , e f f e c t  o f  d i l u t i o n  o f  R e h l i n g - S o i o x l e t  s o l u t i o n

( a )  on s t a n d a r d  i n v e r t  s u g a r  s o l u t i o n s  b e f o r e  t i t r a t i n g

( b ) on s y r u p  and  m o l a s s e s .

3 ,  T h e ■d e v e l o p m e n t  o f  a  p e r m a n e n t  c e l l  f o r  t h e  

e l e c t r o m e t r i c  m e t h o d  ( t e s t s  v / i t h  s i l i c a ,  a l u n d u m  

a nd  k i e s e l g u h r  c e l l s ) .

4 .  The c o n s t r u c t i o n  o f  t a b l e s  and  g r a p h s  sh o w in g  

t h e  d i v e r g e n c i e s  f r o m  Lane  & Eynonh s t a b l e s  

c a u s e d  by ( a )  d i l u t i o n  ( b )  u s e  o f  p e r m a n e n t  c e l l s  

i n  t h e  e l e c t r o m e t r i c  m e t h o d ,

5.  - Ch ecks  on a l l  a b ove  m e t h o d s  u s i n g  v a r i o u s  t y p e s

o f  m o l a s s e s ,

6 , V a r i o u s  t e s t s :  ( a )  V a r i o u s  e x p e r i m e n t s  w i t h  m o l a s s e s .

( b )  T e s t s  on b o i l i n g  t i m e s ,

( c )  E f f e c t  o f  s h a p e  and  s i z e  o f  

f l a s k s  u s e d .
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SECTION ( l )  Prepara t ion and standardisati on of
Eehling* s sb lu tion .  , *”

4 .5  l i t r e s  of each so lu tion  (Eehling’ s so lu tion  

A & B) were prepared by Lane and Eynon’ s d irec t io n s .

Standard invert so lution  was prepared and the 

Fehling’ s so lu tion  was standardised with the following  

r e s u l t s  (each re su lt  being the mean of at l e a s t  three 

t i t r a t i o n s ) .

Standard 
invert  
so lu tion  
mgms per 
i 00 C C S .

C C S .
F e h l in g ; 
so lu t ion

CCS *
water
added

Titration
C C S .

500 b 25 ; 0 24.80 X,
 ̂500 - 20 0 19.77

200 10 ; _ 0 . 25,50
200 : 10  ̂ . 20 26.10
^00 . " : 10 40 26.60

200- Ï' 0 38.23
200 ' . 15 : 20 38.98
200 :: 15  ̂ ' 40 . 39.60

200 20 0 50.25
200 20 20 ‘ 51,03
200 20 40 ' 51,60

X. This. Fehling* s so lu t ion  was exact ly  correct for  
use in Lane and.Eylfon's method, s ince Lanè and Eynon 
give 24.80 ccs .  as the correct f igure  for  10 ccs,  
so lu t io n .
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SECTION ( 1 ) : -  Check on Lane and Eynon^s Tables 
of Factor s .

Zerban and Wiley of the New York Sugar Trade 

Laboratory (J.I.EG.Anal.Ed. V o l .6 ,No.5. P .355(1934) 

checked Lane & Eynon* s f igu res  for invert sugar in 

presence of sucrose and s ta te  ''The fa c to rs  for invert  

sugar are genera l ly  a l i t t l e  higher than those given  

by Lane & Eynpn. This i s  no doubt due to small 

d if feren ces  in manipulation, and each analyst should 

check these values under h is  own individual conditions,  

or construct h is  own tab les  of fa c to rs .

In confirmation of a statement made by Lane &

Eynon that in the. presence of a la fge  excess of sucrose 

small var ia t ion s  in the d e ta i l s  of the procedure have a 

much greater e f f e c t  than in the absence of sucrose, i t  

i s  found that, the prec is ion  i s  not quite as high as when 

reducing sugars alone are present, but i t  i s  nevertheless  

sa t i s fa c to r y  for  routine analyses of raw su g a rs ."

Lane and Eynon* s tab les  have been checked by the 

author; some r e su lt s  are shown below. As with Zerban 

and Wiley* s check, the r e su lt s  vary s l i g h t l y  from those  

found by Lane and Eynon.
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EXPERIMENTAL CHECK ON LANE & EYNON* S TABLE.

s . Gms. Invert Sugar per 100 ccs .

0 -

r
D
S'r.

F 0 . "
Ti-. 
t ra­
t ion  
ccs.,_

Mgms. 
L & E

M gim
found

r  0^1
Ti­
tra ­
t ion
CCS  .

5 gms.

Mgms. 
L Sc E

.Mgms
found

C ” 071
Ti­
tra­
t ion
C C S .

2 0  gms.

Mgms 
L & E

M gms
found

F  o '
Ti­
tra ­
tion
CCS •

3  gms
lïgms 
L & E

0 53.08 52.7 53.08 35.10 51.80 52.65 25.50 51.25 51.00 12.70 50.36 S o i c

I 52.52 52.65 52.52 34.00 50.60 51.00 25.05 50.40 50.10 — - -

5 48.00 47.7 48.00 31.90 47.70 ,47.85 23.98 47.60 47.96 — r»

0 45.15 45.4 45,15 30.50 45.95 45.75 23.11 46.10 46.22 - - -

5 41.63 41.75 41.63 28.00 42.70 42.00 21.56 43.15 43.12 - -

D ifferences  from Lane and Eynon Mgms.

0 0.38 V“ 0.85 - 0 . 2 5 -f 0.44

1 -  0.13 -, •f- 0.40 -  0.30 -

5 f  0.30 -f 0.15 0.36 -

0 -  0.25 -  0.20 - -f- 0.12 -

5 -  0.12 -  0.70 -  0.03 -
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SEÇTION_.^gJ^X=. Exami  n a t i o n  p f  _ t h e  ' e f f e c t  o f  d i  l u t  i  on
on t h e  d e t e r m i n a t i o n  o f  r e d u c i n g  s u g a r s .  -

I t  o c c u r r e d  t o  t h e  a u t h o r  t h a t  t h e  d i f f e r e n c e s  

c a u s e d  hy a  c e r t a i n  d i l u t i o n  m i g h t  he a d v a n t a g e o u s l y  

f o r m u l a t e d  i n t o  a  t a b l e  b a s e d  on t h e  L an e  & Eynon  

t a b l e  f o r  d i f f e r e n t  c o n c e n t r a t / i o n s  o f  s u c r o s e  and  

i n v e r t - s u g a r .

I t  w o u l d  seem t h a t  d i l u t i o n  m u s t  p e r m i t  o f  e a s i e r  

r e c o g n i t i o n  o f  t h e  e n d - p o i n t ,  o t h e r w i s e  i t  w o u l d  n o t  be 

so  w i d e l y  p r a c t i s e d .  T h i s  p r o b l e m  o f  d i l u t i o n  o c c u r s  

w i t h  t h e  e l e c t r o m e t r i c  m e t h o d  a l s o .  The o r i g i n a l  - 

T r y l l e r  Method  a s  m o d i f i e d  by S a i n t  u s e s  40 c c s .  o f  

w a t e r .  S t i e g l i t z  and  Home recommend 20 c c s .  o f  w a t e r  

f o r  t i t r a t i o n s  o f  15 t o  30 c c s .  a nd  30. c c s .  w h e r e  t h e  

t i t r a t i o n  f i g u r e ; ,  i s  a b o v e  30 c c s .  :

" T e s t s  w e r e  made u s i n g  t h e  s t a n d a r d  

Lane  & Eyn o n  p r o c e d u r e  t o  e s t a b l i s h  t h e  e r r o r  due  t o  

d i l u t i o n  w i t h  v a r y i n g  a m o u n t s  o f  w a i te r .  A f u r t h e r  

s e r i e s  o f  e x p e r i m e n t s  w i t h  s t a n d a r d  i n v e r t  s u g a r  s o l u t i o n  

i n  p r e s e n c e  o f  d i f f e r e n t  c o n c e n t r a t i o n s  o f  s u c r o s e  

e n a b l e d  t a b l e s  t o  be c o n s t r u c t e d  f o r  d i l u t i o n  w i t h  20 c c s ,  

a nd  40 c c s . o f  w a t e r .

I t  was  f o u n d  t h a t  t h e  d i l u t i o n  w i t h  w a t e r  l e s s e n e d  

s u p e r  h e a t i n g  a nd  c o n s e q u e n t  ’’b u m p i n g ” d u r i n g  b o i l i n g .  

S u p e r  h e a t i n g  i s  e l i m i n a t e d  i n  t h e  e l e c t r o m e t r i c  m e t h o d  

by  t h e  p r e s e n c e  o f  t h e  c a l c i u m  s u l p h a t e  o r  s i l i c a  c e l l  

i n  t h e  s o l u t i o n .



SECTldN ( 2 ) ; -  Pi lu t  i  on of  Felil ing* s so lu t  i  on in
Lane and Eynon*s method: t i t r a t io n  of Standard
Invert Suiar_SGlution.

Experiment ( l ) S t a n d a r d  Invert Sugar Solution was 

prepared aecording to Lane & Eynon* s d ire c t io n s .

T itra t ion s  were made with 10 ccs ,  and with 20 ccs ,

Feh ling’ s so lu t ion  with varying amounts of water added. 

At l e a s t  3 t i t r a t i o n s  were made in each case.

(a) Using 10 CCS■L-Sehlingl s. Solution
'

CCS, Av. Increase , Total Factor of Feh ling 's
water Titration- in \  ' increase so lu t io n .
added, co s , > ■ t i t r a t i o n gms. Invert-Sugar

CO8. ;__ per cc.

24,40 .00488
10 24,80 0,40 > 0,40 .00496

. 2 0 Î- 25,10 • 0 ,30 : 0.70 .00502
- 30 , 25 ,40 / 0.30 1 . 0 0 .00508
40 25w65 ; 0,25 . 1.25 .00513
50 h 26,40 0,35 1,60 .00520
60 " 26,30 0,30 : 1.90 .00526

( b) Using 20 CCS 8 Solution

0 48,25 .004825
10 48.40 0,15 0,15 , .004840
20 48,60 /  0.20 0.35 .004860
30 48,90 0,30 0,65 .004890
40 49,25 0.35 1 .00 .004925
50 49,45 0,20 1,20 .004945
60 50.00 0,55 1#?5 .00600

R esu lt ; -  The more water added, the greater the

equivalent weight of invert sugar per cc. of Feh ling’ s

so lu t io n .
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Experiment ( 2 ) : -  T itration  of Dextrose:-

Dextrose so lu tion  2 .5  g m s . / l i t r e ,  The moisture

content of t h i s  sample of Dextrose was 1,06 per cent.  

Fehling so lu t ion  20 c o s . . 1000 gm. Invert Sugar
s  ,09595 .gm. Dextrose.

C C S .  C C S .  /T it ta t ion  ; Per cent
Fehling’ s D i s t i l l e d  cos. : Dextrose
so lu t io n . .water

added.

■/20 . \ ..^9.16 98.03

'20 20 , 39.40 97.41

20 ■ ;■ 40 .. . , 40.16 "95.52

. \ fo Dextrose - .( .09595 X 1000 X 
(~ 2 T 5 X 3 9 .Ï5 -"

_100j _
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Estimation of Reducing Sugars: e f f e c t  of D ilu t ion .

West Indian Mola s s e s .

In t h i s  s e r ie s  of  t e s t s  in addition to the 

e f f e c t  of added water, the influence of the method 

of defecation  of the molasses so lu tion  was observed.

Experiment ( 5 ) ;- D éca lc if i c ation only .  5 gms. molasses  

made to 500 cos. D e -ca lo i f ied  with dry potassium 

oxalate and f i l t e r e d  with 1(1 es elguhr.

10 C C S .  Fehling* s  solution; used in a l l  t e s t s .

Test CCS. ■. $  Reducing
No. D i s t i l l e d  Sugars..

, water . 
added. .

(1) ; 0 17.42

(2) 20 16.99

(3) 40 . 17.12

(4) l l e c tro m etr ic  17.11  
alundum
40 C C S .  c e l l .
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Experiment ( 4) :*■> Lead Acetate Defecat i on. 5 gms.
~  ■ "’"n.Tir’” -  -

molasses made to 500 ccs; / 9 , 5  cos. of 10^ neutral

lead acetate  added and f i l t e r e d  with Kleselguhr.

ITow added dry A.R. potassium oxalate and r e f i l t e r e d
with Kieselguhr,

Test C C S .
No. D i s t i l l e d  

- water 
added.

Av. 10 C C S .  fo
T it r a t io n . Eehling Reducing
C C S .  fac tor  sugars.

(5)

( 6 )

(7)

0

40

28.25

29.83

Electrometric 29.80  
alundum 

40 C C S .

.0488

.0515

.0506

17.28

17.20

16.98
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EFFECT OF DEFECATION ON MOLASSES 

■ REDUCING SUGARS ESTIÎÆâTIONS.

Experiment ( 5 ) ; -  West Indian Molasses.

Test C C S .  No
No. D i s t i l l e d  defecation

water fo Red,
added sugars.

5 gms/SOO
_  C C S ,

Oxalate only 
I  Red. fo RedT
sugars. sugars.

7 .5  gms/ 3.75 gms/
500 C C S . .  500 C C S .

8 0 16.92

9 1 20 -

10 40 17.10

11 E lectro-  17.60
metric
alundum

12 Munson & 16.86
Walker*s 
method

13 KMnÔ  16.92
method

14 Thiosul- 16.82
phate
method

17.68

18.19

18.09

17.00

17.57

17.83

17.79

No. C C S . water No  ̂ Oxalate
added defecation only

0

20

40

16.92

17.10

17.42

16.99

17.12

Lead 
acetate  and 
.oxalate^___

17.28

17.20

16.98
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The agreement in th is  particu lar  case i s  

remarkably good; th i s  molasses was not a d i f f i c u l t  

one to t i t r a t e  « i . e . ,  i t  did not appear to contain  

excess c o l lo id a l  matter or calcium.

; ■ These r e su lt s  should he compared with those given  

in Section  (.6)a for molasses of d i f feren t  orig in .
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BSTIMATIQU Qg REDUOIMG SUGARS:- E ffec t  of d i lu t io n .  

Experiment ( 6 ) : -  Test with Golden Syrup using  

d i lu t io n  water: 6 gms. weighed in 2 l i t r e s :  no

defecation .  A l l  t e s t s  using 10 ccs .  Eehling's  

so lu t io n .

lsl_Lïiâne_&_Exnoni

Test CCS.
. No .  D i s t i l l e d  

.water 
- added

Av. 10 CCS. 
T itration  Fehling  
CCS. Factor

%
Reducing
Sugars

D iffer
from
( 1 ) ,

b ; 34.13 .:0488 = 47.65 « ■

(2) 10 34.50 .0496 47.93 4-0.28

(3) ' 20 r 34.95 .0502 47.86 -+-0.21

(4) 30 35.18 .0508 48,15 d-0.50

(5) 40 35.48 .0513 48.20 v-0.55

(6) 50 . 36.10 .0520 48.12 i-0 .48

(7) 60 .36.45 .0526 48.07 '/'O • 42

(h) Electrometric .
. c e l l .D i lu t io n s  

(8)CS53% ----— " "No resu lt « 1

(9) 10 34 .,78 .0498 47.73 0.08

(10) " 20 35.10 .0502 47.67 0.02

(11) Alun- 40 
dum.

35.20 .0506 47.92 0.27

It  was noteworthy that with no added water the

galvanometer did not reach zero in t e s t  No. 8: th is  ;

the concentration e f f e c t  appearing: the method i s

e s s e n t ia l l y  the employment of a concentration c e l l .
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I t  was f o u n d  v e r y  n e c e s s a r y  to avoid leaving the 

c e l l s  in contact with Fehling* s B any longer than 

e s s e n t ia l .  The immersed electrom etric  c e l l  stops  

super heating and humping - i . e . ,  i t  acts  l i k e  a porous 

chip.
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SECTION (_3)r-

THÊ USE OF SINTERED GLASS GELLS^Ig PLACE OF THE CALCIÜ3I 
SULPHATE CELLS.

The calcium sulphate c e l l s  as used in Tryller* s

method, are not permanent, and require a certain  amount

of a t ten t ion  to keep them in good order.
Saint recommends storing the c e l l s  in " ce l l  so lution",

but the a lk a l i  of the cel l-  so lution  soon attacks the 

calcium sulphate. -The Calcium sulphate i s  more or 

l e s s  attacked by the hot a lka line  so lu t ion  during the 

b o i l in g .  A blue deposit  eventually appears inside  

the c e l l  (by d if fu s io n  of the copper). The bottom 

l ikew ise  usua lly  becomes coated with cuprousa oxide,  

and i t  i s  suspected that th is  may have a c a ta ly t ic

action upon the reduction. These e f f e c t s  are
: . because

minimised in the s in tered  c e l l s / o f  the lower surface

presented, and the action of the a lka l ine  so lu tion  

on the s intered  i s  not noticeab ly  great.

I t  was thought that a s intered g la s s  c e l l  would 

be su itab le  for  the purpose, a n d .c e l l s  were made using  

various m ateria ls .
The best r e su l t s  were obtained with  Pyrex g la ss  

and s i l i c a :  alundum was not so s a t i s fa c to r y  probably

on account of the amphoteric nature of alumina.

The idea l  construction was one which did not allow  

l iq u id  to drip through the c e l l  but allowed e l e c t r i c a l  

contact through the porous end without dripping.
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This kept d i f fu s io n  to a minimum.

It  was found that the o e l l s  could be cleaned with  

acid, and that th e ir  e ff ic ier icy  was unimpaired two 

years a f te r  the f i r s t  use.

D e ta i ls  are given here of the method of making 

the c e l l s ,  -

.greRarat ipn_pf _8intere^^^
A  p iece Of g la ss  tubing 0 ,8  mm.bore by 1 cm, 

external diameter' was cut into  lengths of about 35 cms.

Each length.was drawn out in the middle and cut, thus 

leaving a tâpèred end on each f in a l  p iece of approximately 

3 mms, external diaineter, f The end was rounded o ff  to 

leave merely a pin-point aperture. D ifferen t  mixtures 

were put into, each prepared tube, as below, to f i l l  the 

tapered, portion, tapping the mixture w ell  into p lace .

The whole tapered portion was now heated red-hot in 

the Bunsen flame. .This usually  sealed the end o f f .  

Heating was continued u n t i l  the whole mass had s intered « 

about 1 to 2 minutes. After cooling, the t ip  of the 

3 mm. portion was snipped o f f ,  and the end rounded off  

in the flame.

Mix tu r e s :« (next page).
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Mixtures

(1) 1 ; 1 of powdered g la s s  and coarse
m eta llurg ica l  alundum refractory  powder.

(2) 1 : 1 of powdered g la s s  and f in e
m eta llurg ica l alundum refractory powder.

(3) 1 : 1 of powdered g la s s  and pure
anhydrous alumina.

(4) 2 Î 1 of powdered g la s s  and pure
. - . ' anhydrous alumina.

(5) (a ) (h ) (c }  3 : 1 of powdered g la s s  and pure
anhydrous .alumina (3 tubes prepared).

(6) /  4 : 1 of powdered g la s s  and pure
anhydrous alumina.

Several c e l l s  with plugs of the T ry ller-Sa in t  type 

were made up using pastes made of the f in e  and coarse 

alundum r e fr a c to r y ,powders r e sp ec t iv e ly .  These 

hardened in a day dr two, but flaked considerably on 

rubbing. They were placed ih a steam-oven for 2 days 

but s t i l l  f laked, and were therefore discarded.



« 118-

F i l t r a t io n  t e s t s  on prepared c e l l s ; -  

5 CCS* of water placed in each tube and also  ina  

s im ilar  tube plugged with calcium sulphate, and l e f t  

over small measuring cylinders for  68 hours (week-end)

Res u l t s
( l )  (2) (3) (4) a l l  water through,

(5) (a) ho/water through,
( b) a l l  water through.

' ( 0 ) 1 oc. water (approk), l e f t  in tube.
GaSo;  ̂ plug - no water through*

After t e s t in g  with water these- c e l l s  were tes ted  with  

the galvanometer and standard invert so lu t ion  in the 

determination of invert sugar. They were found to 

vary considerably in performance, and a lso  cracked 

rather badly in most cases ,  on changing the c e l l  in the 

hot so lu t io n .

I t  was decided to make up a fresh  set  of c e l l s ,  

employing Ryrex g la s s  throughout,. and grading the 

powdered const ituents  for  s i z e .
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glSaaraMgn-Of-jga^rea- S ln tereâ_G^^ ; -  ■
(I)  S ix  o e l l s  were prepared using 1 s 1 SiOg : Eyrex

g la s s  mixture and pyrex g la ss  tubing. These were found

to be in s u f f i c i e n t l y  strong mechanically. The pyrex 

tubing was drawn out in the h o t te s t  part of the 

Bunsen flame, and the s e a l in g -o f f  was done in the 

blow pipe flame. Four of the c e l l s  survived and 

leaked water slowly - about 2 ccs .  in 1^ hours for  

3 of them and 5 ccs* in 1-̂  hours for  the other.

(2) S ix  c e l l s  were made with 0 .5  mm. bore pyrex . 

tubing, using -a 2 : 1 pyrex ,s i l i c a  mixture and 

leav ing  shorter,ends than usual. These were sound 

mechanicallyI but leaked water extremely.s lowly.

(3) Three c e l l s  were prepared-with 4 : 1 pyrex to 

kieselguhr mixture. These c e l l s  were strong and 

appeared sa t i s fa c to r y  for  rate of lealcage.

The grain s ize  of the pyrex g la s s  used was that  

retained by a 60 mesh s ieve  and passed by a 30 mesh 

s iev e .
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An a lter n a t iv e  method of preparing Sintered Glass Cells;

An a lter n a t iv e  method of preparing a s intered  

g la s s  c e l l  i s  to blow a small bulb on the end of a 

piece of pyrex g la ss  tubing of about 5 nuns, diameter.

The bulb i s  quarter f i l l e d  with powdered pyrex g la s s ,  

passing 60 mesh and retained by 90 mesh s i e v e . The 

tube i s  transferred to a muffle furnace at low red 

heat and l e f t  for about a quarter of an hour.

On cooling , the bulb i s  f i l l e d  with d i lu te  

sulphuric acid, and the base outside i s  allowed to 

dip into hydrofluoric acid . The two l iq u id s  are 

connected^ in s e r ie s  with .a dry battery  and galvanometer 

and the acid i s  allowed to act on the g la s s  u n t i l  a 

current w i l l  pass.

Adaptation of s in tered  function for oH work.

This type of s in tered  junction has, a lso  been 

adapted,with the author* s help as a standard Normal 

Calomel ha lf  c e l l  for pH work. Such a c e l l  would be 

usefu l  for  taking the pH values, of pastes  and sim ilar  

products where an ordinary l iq u id  Junction would be 

undesirable. The h a l f - c e l l  prepared behaved very 

s a t i s f a c t o r i l y .
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EEeBamtian_flf_Gaaa^Zs3^3S-Slntered_GeUs ; -

Pyrex g la s s  was ground in a mortar and sieved,  

using the portion passing a 30 mesh and retained on a 

60 mesh sieve*

(1) Three c e l l s  (A, B and G), were prepared using  

th i s  g la s s  and CaSo  ̂ in equal amounts, the g la ss  

being fused as for  the previous c e l l s .

These c e l l s  were te s ted  with Fehling* s so lu tion  

using 40 C C S ,  c e l l  so lu t io n ,  and gave moderately 

good d e f le c t io n s ,  but on the whole rather too low. 
With A c e l l  the d e f le c t io n  was o f f  the galvanometer 

sca le ;  B and G c e l l s  gave about 40 sca le  d iv i s io n s .

(2) Two c e l l s  (D and E) were made as above using

2 parts of calcium sulphate to 1 part of 30/60 pyrex 

g la s s .  These were te s ted  as.above and both gave 

d e f le c t io n s  w e ll  o f f  the galvanometer sca le  (over 200 

m i l l i v o l t s  for  No$ 4 . )

A ll  5. c e l l s  were ,quite sound mechanically.

The above c e l l s  are hereafter  ca l led  "sealed  

calcium sulphate c e l l s " .
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Comptât ive_Test^pf_va^pU8_Galqium_8Ul 
sealed„çalçium_sulphatej_alundum_a.nd_siliG

The t e s t  so lu t ion  used contained 10 gms, sucrose and 

0.15 gm, of Invert Sugar per 100 ccs .

JLW V* O •

Method & c e l l  used

Jj CfiAJL U. D

C C S ,

Uu, Ull Li

Av.

peu.. -

Equivalent
water T itration mgms.
added ________Cp8̂ _̂ ______ __ Invert Sugar

methylene blue 0 30735 46.00

Electrometric 2 : 1
s i l i c a  c e l l

■ " Ho., ' 1 40 . 31.40 47,10
2 40 31,55 47.33
3 40 31,35 . 47.03

■ 4 ■ 40 31,15 46,73
■ 5 40 31,42 47.13

6 40 31,25 ' 46.88

Sealed
CaS 0^

A 40 31,35 47.03
13 40 31,75 47,63
14 40 31,65 47.48
15 ; 40 31,62 47,43

Ordinary ,
GaSo^

Ho. 1 40 31,65 47.48
Ho. 3 40 31.75 47.63

Alundum 40 31,05 46.58

Kieselguhr 40 31.50 47.24
___ 1--------1 — --  ■ ■■ -- 1 ■ ■■II II ,11 1—
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I t  w i l l  be observed that there i s  not more than 

ordinary experimental d ifference  in the t i t r a t io n s :  

the milligrams of invert sugar show comparatively c lose  

agreement from c e l l  to c e l l .  The s i l i c a  c e l l s  were 

eventually  se lec te d ,  as giving good r e su l t s  with  

sound mechanical strength.
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Experiments on Electrometriq joiethod for  Estimation  

nf-He du c ijig^ugar s i _ 4 1  undum_c e 11 

E i l t e r - s t i c k .

Tryller*s method as applied by Saint to sugar 

products was, used, employing (a) the CaSo  ̂ c e l l s  as 

in o r ig in a l  method (b) a porous alundum d isc  fused  

into g la s s .  The e f f e c t  of d i lu t io n  was tr ie d .

Examp le ; -  When 40 ccs ,  water was added to the 

t i t r a t i o n  f la s k  - the Ha^So  ̂ so lu tion  put in the CaSo  ̂
c e l l  was d iluted  to a s im ilar concentration.

Each r e su l t  shown averager p f  at l e a s t  3 t i t r a t i o n s .

No. C C S ,  C C S .  D i s t i l l e d  GaSo  ̂ Alundum
Fehling* s water added. c e l l  c e l l ,
so lu t io n .  : /' ^

(1) 10 0 25,1 24.7

(2)' 10 ; /  . ; 10 . ' 24.9 24.9

(3) 10 20 25.1 25.2

(4) 10 30 25.0 25.4

(5) 10 40 25.0  25.3

It  was observed that the alundum c e l l  was much more

porous than the CaSo  ̂ c e l l s  hence d i f fu s io n  was more 
rapid. This c e l l  was supplied for pH work by Poulenc

Ereres, Paris and was in fac t  a ready-made porous c e l l

which was adapted for th is  work.

Similar t e s t s  were carried out using a Jena
s intered  g la ss  micro f i l t e r - s t i c k  but t h i s  was also
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found to be too porous and to present too much 

surface causing cuprous:; oxide to deposit .  In general  

these were much l e s s  convenient than the pointed type 

of s in tered  c e l l  (see  photograph).
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—S I NTERED- CELLS—

FIG.Il

A — SILICA CELL
B — sealed C a SO4 CELL
Ç. 
D
E — alundumcell

— SINTERED FILTER-STICK 
D — KI ES ELGUHR CELL
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SectiQn__.(.4l^ E repaxatipn_pf„T abl^_and„G zaplis

f o r (a) d i lu ted  Fehling-Sohxlet so lu t ion .

(b) use of permanent e lectrom etric  c e l l s .

(c) use of Tryller-Saint  calcium sulphate c e l l s .  

Experimental:- Two s e r ie s  of t e s t s  were carried out

(1) T itration  of standard invert so lu t ion s  of varying 

concentration (a) in absence of sucrose.
(b) in presence of 1, 5, 10 & 25 

gms. of sucrose.

These t i t r a t i o n s  were made ( l )  using Lane & Eynon*s

method, with no d i lu t io n  and with 20 and 40 ccs .  
d i lu t io n ,  and (2) using s i l i c a ,  alundum, calcium

sulphate, and Icieseiguhr c e l l s .  The calcium sulphate 
c e l l  was the normal Tryller-Saint  c e l l ,  and not the 
sealed calcium sulphate c e l l .

( 2 ) A second s e r ie s  of t e s t s  s imilar to those in (1) 
using one calcium sulphate c e l l  and one s i l i c a  
c e l l  throughout,. This s e r ie s  served as a check 
on s e r i e s , ( 1 ),

The r e s u l t s  of these t e s t s  were p lo t ted ,  and from 

the graphs tab les  were constructed which are analogous to 

those prepared by Lane and Eynon, These tab les  cover 

the use of the Tryller calcium sulphate c e l l s ,  the 

permanent s i l i c a  c e l l s ,  and the use of 20 ccs .  and of 

40 C C S ,  d ilu t io n  water in the ordinary methylene blue 
procedure.

Summary of Resul t s
D i lu t io n : -  The tab les  presented w i l l  enable a better
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end-point to be obtained in Lane and Eynon* s 

volumetric process, by allowing d i lu t io n  with e i ther  

20 or 40 CCS, of water.

Permanent C e l l s : -  The author hopes that the use 

of permanent s i l i c a  c e l l s  w i l l  extend the usefulness  

of the electrom etric  method of determining reducing 

sugars, which already has the advantage for  routine  

work of being independent of d a y l ig h t , s ince a colour 

change i s  not the cr i ter io n  of end-point.

I t  i s  recommended that the e lectrom etric  method 

be used for routine work, the Lane-Eynon process  

being generally  more exact,  '
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D i f f e r e n c e s  due  t o  m e th o d  

t h e  m i l l i g r a m s  o f  i n v e r t -

u s e d :

s u g a r

The

shown

d i f f e r e n c e s  i n  

by t h e  v a r i o u s

m e t h o d s  a r e s u m m a r i s e d  b e l o w .

M i l l i g r a m s I n v e r t - S u g a r : Ho s u c r o s e  p r e s e n t

T i t r a t i o n
CCS,

Lane  & Eynon  
o r d i n a r y

GaSOyi
c e l l ^

. S i  Op 
oeLr

Lane  &
20 

CCS .
w a t e r

Eynon
40
CCS •

_w a t e r  __

15 \ 50*5 . / 51*8 5 1 , S 52*2 53* 5

20 i 50* 9 .52*7 52*4 52*7 5 3 . 9

25 51*2 5 3 . 4 5 2 . 8 5 3 , 2 5 4 . 3

30 ; ; 51*5 5 3 , 8 53*1 53*6 54*7

35 5 1 . 8 5 4 , 2 5 3 , 4 5 4 , 0 55*0

40 52*0 5 4 . 5 5 3 , 7 5 4 , 1 5 5 , 3

. 45 / / ■ 5 2 , 3 5 4 , 7 6 4 , 0 54* 3 - 5 5 , 5

50 : 5 2 , 5 5 4 . 9 5 4 . 2 , 5 4 , 4 5 5 , 7

T h e s e  r e s u l t s  show t h a t  a  c o n s i d e r a b l e  e f f e c t  

i s  p r o d u c e d  by  w a t e r ;  w i t h  t h e  c a l c i u m  s u l p h a t e  and  

s i l i c a  c e l l s  t h e  h i g h e r  f i g u r e s  a r e  due  t o  t h e  c e l l  

c o n c e n t r a t i o n  a l s o *

The s i l i c a  c e l l s  u s e d  i n  t h i s  a n d  a l l  s u b s e q u e n t  

w o rk  w e r e  o f  t h e  1 : 1 s i l i c a  p y r e x  g l a s s  t y p e .
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Reducing sugar methods

(1) The reading on the galvanometer can be a ltered  by 

varying the distance between the e lec trod es ,  so th is  

distance must be unaltered throughout the.course of 

one experiment. I t  would probably be better  to

have th is  d istance permanently f ix ed ,
( 2 ) I t  was found that variations  in t o ta l  length

of leads and between the length of leads did not 

m ater ia l ly  a f f e c t  the r e su l t s  obtained. The leads  

were kept of the same length throughout. these  

experiments.
(3) I t  was found that Tryller*s.method d e f in i t e ly  

ind icates  the approaching end-point and of course there  

i s  no trouble in th i s  respect with methylene blue 

addition ,

( 4 ) Bright sunshine i s  about as, bad as poor l ig h t  

or a r t i f i c i a l . l ig h t  for  viewing the end-point with  

methylene blue.

( 5 ) With the electrom etric  method, the b o i l in g  comes 

to f u l l  p itch  almost at once - i . e . ,  i t  i s  ea s ier  to 

detect the exact point of f u l l  e b u l l i t io n  than in 

the methylene blue method.

( 6 )  T h e r e  i s  d i f f i c u l t y  so m e t im e s  i n  g e t t i n g  t h e  

l a s t  t i n g e  o f  p u r p l e  t o  d i s a p p e a r  i n  t h e  Lane  & Eynon 

m e th o d ,

( 7 ) The e l e c t r o m e t r i c  m e thod  t a k e s  slightly l o n g e r  
p e r  i n d i v i d u a l  titration, b u t  t h e  r e s u l t s  a p p e a r  t o  be 
more r e p r o d u c i b l e  t h a n  f o r  t h e  m e t h y l e n e  b l u e  m e th o d .
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S e r i e s _ l l i i -  Titray,on^of_Standard_Inyert_solution

in absence of Sucrose.

Method ccs .
water
added

Av. , 
T it ­
ra­
t ion  
ccs .

mgms.
Invert
Sugar

Av. mgms. 
T it-  Invert  
ra- Sugar 
t ion
C C S  .

Av. mgms. 
T it-  Invert  
ra- Sugar 
t ion  
CCS .

Av. mgms. 
Tit-  Invert  
ra- Sugar 
t ion

( alMeth-
y iç M
Slue

0

20

12.70

13.00

50.80

52.00

53.08 53.08 

64.40 54.40

35.10 52.65  

35.97 53.96

25.50 51.00 

26.10 52.20

40 13.32 53.28 54.44 54.44 36.73 55.10 26.70 53.40

50 •1. 36^88 -

(bj
E lectro-
metric .

1 : 1 
s i l i c a

40 13.15 52.60 Poor - 
result

36.05 54.08 26.16 52.32

Alundum . 40 13.14 52.56 Poor 
result '

36.03 26.12 52.24

2 ; 1 
s i l i c a

40 13.45 53.80 53.98 53.98 36.15 25.99 51.98

GaSo^ 40 13.10 5,2.40 54.98,54.98 35.98 53.97 26,26 52.52

K iese l-
suhr

40 13.60 54.40 54.11 54.11 35.88 26.07 52.52

No Sucrose, 
so lu tion  
contains  
0.40 gm. 
Invert 
sugar per
100 C C S .

No Sucrose, 
so lution  
contains  
0.10 gm. 
Invert  
sugar per 
100 C C S .

No Sucrose, 
so lu t ion  
contains  
0,15 gm. . 
Invert 
sugar per 
100 C C S .

No Sucrose,  
so lution  
contains  
0.20 gm. 
Invert  
sugar per

The above f igu res  show how dependent the Lane and 
Eynon method i s  on the exact volume of l iq u id  present  
in the f la s k  during the standard t i t r a t i o n .
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Se r i e s ( l ) ; -  Titratipn_pf_Standard Inyert olu t ion  in 
presence of sucrose.

 Q ^ g _ g m ^ _ I n v e r t _ ^ S u g g r _ _ p e r _ l Q 0 _ c c 8 ^ , .

5 gms.Sucrose pres­
ent .

10 gms.Sucrose present

Method c o s .
water
added

Av.
Tltra-  

. t ion
C C S .

mgms.
Invert
Sugar

C CS  .
water
added

Av.
Titra­
t ion

CCS  .

mgms.
Invert
Sugar

( a) Methylene 
Blue

0

20

23.98

24.69

47.96 . 

49.38

0

20

23.11.

23.56

46.22

47,12

40 25.32 50.64 40 24.10 48.20

(h) E lectro-  
metric

1 ; 1 s i l i c a - 40 24.50 49,00 40 23.60 47.20

alundum 40 24.50 49.00 40 23.50 47.00

2 : 1 s i l i c a 40 ' 24.40 48.80 40 : 23.50 47.00

CaSo  ̂ , . 40 , 24.50, 49.00 40 23.74 47.48

Kieselguhr 40 24.68 49.36 40 23.30 46.60......

0 .2  gms. Invert Sugar per 100 C C S .

25 gms. Sucrose present

Method CCS  .
water
added

Av.
Titra­
t ion

mgms.
Invert
Sugar

. - ...... ' ■■ - — — — _ £ C â ^ ______

(a) Methylene 
Blue

(h) E lectro -  
metfic  

1 : 1  s i l i c a  
alundum 
2 : 1  s i l i c a  
GaSo
M eselguhr__

0
10
20
40

40
40
40
40

________

21.56
21.93
22.16
22.60

22.10
21.80
22.10
22.00

„21^8ê„

43.12
43.86
44.32
45.20

44.20 
43.60
44.20  
44.00  
43^70
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S,eries_Lll l - __Titration_of:_ataaâara-lQvert_aoluM
in presence of Sucrose.

Method C C S .  Av# mgms. Av. . mgms. Av. mgms.
" water T i tr a - Invert Titra- Invert Titra- Invert

added t ion  Sugar tion  Sugar t ion  Sugar
C C S .  C C S .  cos.

   0 28.00 42.00 30.50 45.75 52.52 52.52
lene
Blue 20 29.35 44.03 31.80 47.70

40 29.95 44.93 32.35 48.53

E lectro-  
me^ric
l ” :"l s i l -  40 29.29 43.94

■ ic a  .
Alundum 40 - ; -

2 : 1 s i l -  40. 28.95 43.23 32.20 48.30
ica  ,

CaSo  ̂ 40 ,28.95 43.23 31.70 47.55

Kieselguhr 40 -  ̂ .

25 gm s .sucrose  10 gms. s uc rose """gmT sue rose” 
per 100 C C S .  per 100 ccs .  per 100 ccs.
0.15 gm.Invert 0.15 gm.Invert 0.1 gm.Invert
sugar p e r . sugar per sugar per

 ________ _I00_co8^_______EÊg_10Ô_çcs^___per 100 ccs .__

The c o l lo id a l  orange colour of the Gug0 i s  

in t e n s i f i e d  when the concentration i s  as high as 25 gms. 

sucrose,

^BÊjL_Iuyert_Solution: calcu lated  thus;-

T itration  28 ccs .  but 1 c c .s o lu .  cont. .0015 gm. 

Invert sugar. . ’. e q u iv a l e n t  mgms. Invert solu.

=  1000 X 28 X .001 5 = 4 2 ,0 0

That i s ,  equivalent to 10 ccs .  Fehling* s so lu tion  
for  the given conditions.
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S er ie s .  i l l i . _ _ T ï t r a t i o n _ of_Standard_Inv^ t^  

E£eseaçe_of_suçroae^

For 10 CCS, Fehling*s so lu tion .

Method

Methy­
l ene
Blue

CCS, Av. Equivalent mgms.
water T itration  Invert sugar, 
added, ccs .

0
10

20

30

40
50

25.05

25.45

25.62

25.95

26.17
26,50

50.10

50.90  

51.24

51.90

52.34  
53.00

Elèctro-
metric

1 I I  s i l i c a  ; 40 

Alundum , 40

2 : 1 s i l i c a  .40

GaSo  ̂ 40

Kieselguhr 40

2 : 1 s i l i c a  20

Kieselguhr 20

25.55 51.10

25,67 51.34

Poor resu lt  -

25.95 51.90

25.50 51.00

25.40 50.80

25.80  
_ E a o r , ^ s u l t ___________

The above Test so lu t ion  contained 1 gm, sucrose and 

0.2 gm, of Invert sugar per 100 ccs .
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Tests_with_Standard_Invert_Sol 

S e r ie s ( 2 )

GaSÔ Cell SiO^ Cell

Gms. Gms. Mgms. Ti­ îügins, ■Approx.
Invert Sucrose t ra­ Invert tr a ­ Invert mgms.
Sugar per t i  on Sugar tion Sugar from
per 100 C C S . C CS  . L, & E.
100 CCS  . table
CCS  .

0,25 0 21.06 52.65 21.00 52.50 51.0
1 20.60 51.50 20,44 51.10 50.2
5 20.13 50.30 19.60 49.00 47.6

10 19.18 47.95 18.90 47.25 46 • 1
25, 18.15 45.38 17.90 44.75 43.3

0.125 0 4 3 ,6 9 \ 54.60 42.73 53.81 52.2
1 41.80 52.25 40.95 51.19 50.8
5 39.12 48.90. 38.35 47.94 47.7

10 37.15 46.44 36.75 45.94 45.7
25 34.45 , 43.07 34.08 42.60 42.2

0.100 0 55.00 55,00 . 54.45 54.45 52.8
1 52.30 52.30 52.00 52.00 51,1
5 . 48.75 48.75 48.45 48.45 47.7

10 46.20 46.20 45.65 45.65 45.4
25 42.45 42.45 41.50 41.50 41.7

0.20 0 26.80 53.60 26.33 52.66 51.4
1 26.00 .52.00 25.60 51.20 50. 4
5 , 24.85 49.70 24.53 49.06 47.6

10 -, 23.88 47.76 23.10 46.20 46.1
25 22.35 44.70 21.70 43.40 43.1

Graphs were drawn using the above data, and from the 

plotted  curves, tab les  were constructed. These are 

recorded on the fo llowing pages.
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Invert Sugar Table for 10 cos, g e h l ln a 's  so lu t ion  

for_use_wiWi_C^oinm_aulsMt.e C ells  

Mâalia-Shown_are_for_^eries_I_&_II_Calçium_SulBMte_Te3ts.
II II

Ti- 0 gms* Sucrose 
tra-. mgms Invert Sugar 
t i  on

1 gm. Sucrose 5 gms/ Sucrose 
mgms Invert Sugar mgms,Invert Sugar

C C S .

1 5  
: 1 6

5 1 ^ , 8 3
5 2 . 0 5

5 2 . 5 ______ _____5 1 ^ 0 0 _____5 1 ^ 0 0 .
5 1 . 1 0

_____ 5 1 ^ 1 0 _ _
5 0 . 9 0

______

1 7 5 2 . 2 0 5 1 . 2 5 0 . 7 5
1 8 5 2 . 4 0 5 1 . 3 5 0 . 6 0

- 1 2 . . - 5 2 ^ § 3 _ 5 1 j^4 ___  5 0 . 4 0
2 0 . - 3 2 ^ 2 2 ____ ____ _____5 1 . 5 0  5 1 . 4 8 5 0 . 3 0 _ 4 9 j^ 0 ______
2 1 5 2 . 8 5 5 1 . 6 0 5 0 . 1 5
2 2 5 3 . 0 0 5 1 . 6 5 5 0 . 0 0
2 3 5 3 . 1 0 5 1 . 7 0 4 9 . 9 0

5 3 . 2 3 5 1 j . 8 0 _____ 4 9 i 8 0 _ _
2 5 - 5 3 ^ 3 5 ____ _ _ 5 1 j , 9 Q „ _ 5 1 ,^8 4 ______ 4 9 j , 6 5 _ _ Z 4 9 7 2 8 " 7  '

2 6 5 3 . 4 5 5 2 . 0 0 4 9 . 5 5
2 7 5 3 . 5 8 5 2 . 0 0 4 9 . 4 5
2 8 5 3 . 6 5 5 2 . 1 0 4 9 . 4 0
2 9 5 3 ^ 7 2 5 2 . 1 0 4 9 . 3 0

- 3 0 , , - 5 3 ^ 8 2 _ „ 5 3 a S 8 ____ 5 2 . 2 0  5 2 . 1 0 _____ 4 9 ^ g % _ _ 4 9 . 0 0
3 1 5 3 . 9 0 5 2 . 2 0 4 9 . 2 0
3 2 5 4 . 0 0 5 2 . 2 5  . 4 9 . 2 0
3 3 5 4 . 1 0 5 2 . 3 0 4 9 . 1 5
3 4 ,
3 5
3 6

- 5 4 ^ 1 2 ____
____

5 4 . 3 0
I s O I I I I

_ j_ _ 5 2 ^ 3 0 _ _ _ _ _ _ _ _ _
^ „ 5 2 ^ 3 0 _ „ 5 2 ^ 3 0 _

5 2 . 3 0

_____4 9 j a o „ _
_____ 4 9 ^ 1 0 _ _

4 9 . 0 0
“ 4 8 7 7 5 " ' " “ “

3 7 5 4 . 3 5 5 2 . 3 5 4 9 . 0 0
3 8 5 4 . 4 0 5 2 . 3 5 4 8 . 9 5

_ 3 9 , 5 4 . 4 5 ____ _____6 & . 4 Q ____________ ___ _ 4 8 j l 9 Q___
4 0 5 4 . 5 0 ■“ 5 4 7 3 3 5 2 . 4 0  5 2 . 4 6 4 8 . 9 0 “ ï s l ë ô
4 1 5 4 . 5 5 5 2 . 4 0 4 8 . 8 5
4 2 5 4 . 6 0 5 2 . 4 0 4 8 . 8 0
4 3 5 4 . 6 0 5 2 . 4 0 4 8 . 8 0
4 4 5 2 . 4 0 _____ 4 8 ^ 8 0 _ _

l 4 5 _
4 6

- 3 4 . 2 0 ____
5 4 . 7 0

I m I M I I Z “ 5 2 . 4 0  . 5 2 . 6 0  
5 2 . 4 0

_____ 4 8 ^ 7 5 _ _
4 8 . 7 0

l i O E Z I I

4 7 5 4 . 8 0 5 2 . 4 0 4 8 . 7 0
4 8 5 4 . 8 0 5 2 . 4 0 4 8 . 7 0

- 4 9 ,
5 0

_ 5 4 ^ 8 0 _ _ _
5 4 . 8 5 ■ ~ 5 4 7 7 5 I I I I i l i Q i I I l I l M -

_____4 8 ^ 7 0 _ _
_____4 8 ^ 7 0 _ _ . l î â l S û I I Z I
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Iirèert_Sugar_Table_for_fiai£ium_aul^^ ,
(continued.).

S er ies  I & II .  

■  !___ II . _ II

Titra- 10 gms. Sucrose, 25 gms. Sucrose 0 .3  gms.Sucrose
t io n  gms. Invert Sugar gms. Invert Sugar
C O S .  .

1 6 ___48.75___ 48.20
16 „ 48.60
17 , 48.40
.18 ,48.25
19 48. 15-

47~70

45.80 44.95

_ g o _ 48^00 •
21 . 47.90 :
22 47.75
23 47,65
24 — 4 7 .5 5 „ ,

_ - 4 7 ^ 5 _ .
26 47.35 ..
27 47.25
28 47.20

— 2 9 ^ 47ilO
30 -  47^00 ,
31 46,90 ,
32 46.80
33 46,70
34 ; 46.65

__47^42__

47.00

45.60
45.45
45.30

.45^15
45.00
44.85  
44.70  
44.55
-MiiQ.
44^25.
44.10
44.00
43.85  
.43^70 
43.58

44.20

43.58

43.18

51.55 
51.73
61.87 
52.03  
52.17 
52.31 
52.43
52.55 
52.63  
.52^75.
52.87 
52,97 
53.05  
53.13 
53^18. 
53.28

43.45
43.35
43.25
43.15

35
36
37
38
39.
40̂
41
42
43
.44.
45

4Gj,55
46.50
46.55
46.40
Aêjt.SL 
46.30

46.73

46.47

,43^02
42.95
42.85
42.80
42^70
42.60

42 . 90

42,62

53.33
53.42
53.50
53.55
53.58
53.63
53.68
53.72
53^77
53.82

46
47
48
49
50

46.30
46.25
46.25  
4 6 .2Ô 
46^15
46.10
46.10
46.10
46.10
46.10

46,27

42.55
42.50
42.40
42^35.
42.25

53.83
53.87
53.87 
53.90

42.38 53.93

46.20

42.20
42.10
41.90
42.00
42.00 42.20

53.93
54.00
54.00 
54^00 
54.03
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+4 45-

FIG.13



- 1 4 0 - ,  ..

Invert_auga£-£a^le_for_aili s a -Ç e l l s^ .
10 ces i-EeÙliüSiS-Solu tioQ i

Ti­ 0 gms. 1 gm. 5 gras. 10 gms. 25 gms. 0 • 3 gms•
tra ­ Sucrose Sucrose Sucrose Sucrose Sucrose Sucrose.
t ion
C C S . f-

— f e a â i_ laZiEi-Sugar________
- I bO oI I ____ _â9^1S____47.10__ ~457ÔÔ "51737

16 51.90 50.60 49.10 47.00 44.70 51.47
17 52.05 50.70 49.10 46.90 44.50 51.60
18 52.15 50.80 49.05 46.75 44.30 51.70
19 -_êS*25__..5Qj,9 0 ______49^05____46t65___44j.0Q___ _5]_80____

ZgoZ_ 52^40 50.95 49.00 46.55 43.80 51.92
21 52.50 51.00 49iOO 46.45 43.60 52.00
22 52.60 51.05 49.00 46.. 35 43.40 52.08
23 52.65 51.10 49.00 46.30 43.25 52.13
24 52.75 .51^20_____ 48.95 46.20__ 43.15 52.23
25 52.80 _51^25_. _ . 48.95 46.20 43.10 52.28
26 52.85 51.30 48.90 46.15 43.00 52.33
27 52.90 51.35 48.90 46.15 42.90 52.38
28 53.00 51.40 48.90 46.10 42.80 52.47

5 3 .0 5. .&Lt.4Q___ .48,^85___ ... 46.10. .MiZO__ 52.53
30 53.10 - 51.45 48.85 46.10 42.60 . 52.55
31 53.20 51.50 48.80 46.05 42.55 52.63
32 53.25 51.50 48.80 46.00 42.45 52.67
33 53.30 51.50 48.80 46.00 42.40 52.70
34 53.35 .51^.55___ 48.75 __46^0Q___.42^30____ 52.75
35 53.40 .5 1 * 6 0 _ _ .48^5__. 46.00 ____ 52.80

“36 53.50 51.60 48.70 "45.95 42.00 52.87
37 53.55 51.65 48.70 45.95 41.90 52.92
38 53.60 51.70 48.70 45.90 41.85 52.97
39 _ 53^65_ . 51.75 48.65 45.90 41.75 53.02
40 __53^Q____.61^80___ .48^e5____45^85__ 41.65 J3^Q7__:__
41 53.70 51.80 48.60 45.80 41.55 53.07
42 53.75 51.85 48.60 45.80 41.50 53.12
43 53.85 51.85 48.60 45.80 41.40 53.18
44__ 53.90 .61^90___ 48.55 45 .̂75 .41^30__ .53^23_____

_45__" 5 3 .9 5 __ ^ 1 ^ 0 ___ ;48^55_„I_45i2Q____.41^20____ .53^27________

46 54.00 51.90 48.50 45.70 41.15 53.30
47 54.05 51.95 48.50 45.65 41.10 53.35
48 54.10 51.95 48.50 45.60 41.00 53.38
49 54.15 52.00 48.50 45.60__ 40.95 53.43

“ 50 54.20 52. OÔ 48745 ____'4o79Q___ .53,^7________
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lËYÊÎjt ^ugar Table -for 10 ces.  Feh llng 's  S o lu t io n . - 

M_Iiane_&^l n̂onla_fflethodl âQ_ççSi_Dilution_fater_add^

Ti-
tra-
t ion . Mo- . 1 gm.
£cs^_ Sucrose Sucrose

5 2 . 2 0 _ 5 0 ^ 3 0 _ .
16 . 5 2 .3 0 5 0 .4 0
17 5 2 . 4 0 5 0 . 5 0  '
18 5 2 . 5 0 5 0 .6 0

_ 19__ 5 2 .6 0 _ 5 0 ^ 7 0 _
20 5 2 . 7 0 5 0 . 8 0 „ .
21 5 2 . 8 0 5 0 .9 0
22 5 2 .9 0 ,  , 5 1 . 0 0  :
23 5 3 . 0 0 5 1 .1 0

_ 2 4 _ „53^Q5_„_._51a.gQ„.
25 5 3 .1 5  _ 5 1 .3 0
26 5 3 .2 5 5 1 .3 5
27 5 3 ,3 5 5 1 .4 0
28 ■ 5 3 . 4 0 5 1 .4 5
2 9 .... _ 5 3 j , 5 0 _ _ _51^50__.

_ 3 0 _ „ 5 3 ^ S Q _ _ _51^6Q__.
31 5 3 . 6 5  " 51*65 ;
32 5 3 .7 0 5 1 .7 5
33 5 3 , 8 0 5 1 .8 0

_ 3 4 _ _ 5 3 ^ 8 5 _  . 51j,90
_ 3 5 _ _ _53^95_____ 5 2 . 0 0

36 5 4 . 0 0 : 5 2 ,0 5
37 5 4 .0 0 5 2 .1 0
38 5 4 . 0 5 5 2 . 2 0
39 54.10
40 ^ M l l Q ___ _^ g ^ 3 0 „
41 5 4 .1 5 5 2 .3 0
42 5 4 .2 0 5 2 .3 5
43 5 4 . 2 0 5 2 .3 5
44 _ 5 4 .2 5 52.40^  _
45 - 5 4 . 2 5  _ _ _ 8 2 ^ 4 0 _
46 5 4 . 3 0 5 2 .4 5
47 5 4 . 3 0 5 2 .4 5
48 5 4 .3 5 5 2 .5 0
49 _ 5 4 ^ 5 5 _ _ _52.50__,

_54jL4Q__. 52.55__

. S i _ î n v e r t _ â l i S â £ ___

5 gms. 
Sucrose

10 gms. 25 gms. 
Sucrose Sucrose

49^40____47^65____ 44^90.
49.40 47,60
49.40 47.50
49.40 • 47.45
49.40 47.40
49.55
49.35
49.35
49.35  
49j^35
49.35

™ 47ĵ '30 
47.25  
47.20  
47.10

 47^05
47.00

44.80  
44.75  
44.65  

_ 44^55 
44.50  
44.40  
44.30  
44.25  

__44_^20 
44.20

49.35
49.35 .
49.35
49.35  
4 9 j 0 „ .
49.30
49.30
49.30
49.30
49^30
49i30
49.30
49.30  
49^50. 
49 ,̂30
49.25
49.25
49.25
49.25

46.90
46.85
46.80

:_46^25
„46juêê-

46.60
46.55
46.50

.46:^45.
46.40
46.40
46.35
46.35  
46^30

141^25
46.20
46.20
46.15
46.15

44.15
44.15  
44.10  
44.05  
44700*
43.95
43.95  
43.90  
43^85. 
43^80
43.75
43.75  
43.70  

,43^65. 
,43̂ 6̂5,
43,65
43.60
43.60
43.60

49^g5__
49.25
49.25
49.25  
4 i:,25__ .
49 .2  5__

.46ĵ 1S.
46.10
46.10  
46.10  
46^05. 
46.05

43^60
'43.55'
43.55
43.55  
43^55 
43.50

0 .3  gms. 
Sucrose

31^57 ' 
51.67“  ■ 
51.77 
51.87 
51_̂ 97___

62.17
52.27
52.37 
5 2 ^ 4 3 _ _
5 2 ^ 5 ^ _
52.62
52.70
52.75
52^87 .......
^â±.93__7
52.98
53,05
53.13
3 ^ 2 0 _ _
55.50___
53.35 7"
53.37 
53.43

53̂ 5̂0
53.53
53.58
53.58
53^63____
&3 6̂3___  ̂
"53.68 
53.68  
53.73  
6 3 ^ 7 3 _ _  
5 3 ^ 7 8 _____
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Invert-Sugar Table for_a.Q_.cç3^._B!ehliBgi s_aolutiofl 

by Lane _ &_ Emonis_ methad 8.--iQ-ÇÇs^_dilüt i  o»-waiâ£^

Ti- ___   mgms. _ Inyert_Sugar_________________
tra-, .
t io n  , No 1 gm. 5 gms. .10 gms. 25 gms. 0 .3  gms.
CCS. Sucrose Sucrose Sucrose Sucrose Sucrose Sucrose,

15 , 53.45 51.35 50.65 _,_48^50_ ,__45.7Q__ 52.75
16 53.5,0 51.45  ̂ 50.65 48.45 45.65 52782
17 53.60 ' 51.55 50.65 48.40 45.60 52.92
18 53.70 51.65 50.65 48.40 45.50 53.02
19 53.80 51,70 50^65 48.35 , -- 45.45, ... 53.10

__53^90_ 51^80 50.65 4 8 .3 5 \ _45^ 40_ 53.20
21 . 54.00 51.90 ' 50.6“ " 48.30 45.35 53.30
22 54.10 52.00 50.65 48.25. 45.30 53.40
23 54.15: 52.10 50.65 ' 48.25 45.25 53.47

_24__ 54.20 _^50^G5___ 4 8 .2 0 „ 45.20 53.53 .
25 54.30 : 52.30 V 50^65 48.15 45.15 53.63
26 . 54.40 52.35 ; 50.65 48.10 45.10 53.72
27: 54i 50 52.45 50*65 48.05 45.05 53.82
28 54.55 52.50 50.65 48.00 45.00 53.87

_ 5 2 ^ 6 0 _ ™S0i,65_._48^Q0_,

31
_54^65_ 
< 54.70

__52^G5__
52.70 50.65 47.90

44.95  
'“44.90 ‘

: 53.98 
54.03

32 : 54.80 52;75 50.65 47.85 44.85 54.12
33 54.85 52.80 50.65 ^ 47.80 44.80 54.17
34 54.90 52.90 -50.65 47.75 , 4 4 .7 5 _ 54.22
35 54.95 .^50.6§___47^0__44^Z0_
36 55.00 53.00 50.65 47.70 44.65 54.33
37 55.05 53.00 50.65 47.65 44.60 54.37
38 ■ 55.10 53.05 50.70 47.60 44.60 54.42
39 55.20 53.10 50^70___47^SQ___44j;^0--- 54.50

41
-55.25

' 5 5 . 3 0
53.15
53.20 50.70

™47^60_
47.55 44.55

54.55
55.60

42 55.35 53.25 50.70 47.55 44.55 55.65
43 . 55.40 53.30 50.70 47.50 44.50 55.70
44 55.45 53.35 50^70 47.45 ™44^Q_„ns^z5___________
45 55.50 53.40 50.70 47.45 44.45 55.80___
46 55.55 53.40 50.70 47.40 44.45 54.83
47 55.60 53.45 50.70 47.40 44.40 54.88
48 55.60 53.50 50.70 47.40 44.40 54.90
49 55.65 53.55 50.70 47.40 __44^40_._ 54^95 _ _ _

_50J" 5 5 .7 0 _53^60_. 50^70 47,40 4 4 ^ 0 _ _55^00____ ____
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Tabl e_Sho32lng_i£llJ,ig£âm-lavS£t 0 ^

f  or :3!.l.ect£oinMMg-letMd_ualng_Galçium_aulBhate 

aüâ^-Siliça^CellSi

■ ;•  ____  Ca l c i um Sulphate G e l l s .  :    

Titra^ : Eo 1 gm* 5 gms. 10 gms. 25 gms*
t 1on Sucrose Sucrose Sucrose Sucrose, Sucrose.
C C S .

15  ̂ 345.5 .  ; / 3 4 0 334 326 306

20 V 258 ' ' 252 240 225

25 213 :: 308 199 190 177 %

30 : /  180 _ 174 -, 164 157 146

35 155- 14^ : 140 133 123

40/: 1136 : 131 ; 122 116 ; 107

45 ■ \ 122: y 116 108 103 94

50_ 110 ' / 105 : ' 97 : . ' 92 84 -

__ S i l i c a

15: ; 345 337 327 313 300

20 , 262 255 ; 245 233 219

25 211 . 206 196 185 172

30 >^'vl77 172 163 154 142

35 152 .5 147 139 131 121

40 134 129. 5 122 115 104

45 120 . 115 108 102 92

50____108 104 ___97 ____ __ 9 1 _ QD



y abl e ; Sh owl ng Mi X1 i  g r o;  e r t ugar_;2g^-„l Q

for  Lane & ' Êvnon Method, wi  t h 20 _cc s . . & .40 c c s . 

d i lu t io n  water*

Titra-;  ' /  : .
t i o n
CCS.

 ̂ - ^ 0  ■ ■ 
S u c r o s e

1 gm.
, S u c r o s e

5 gms . 
S u cro se^

10 gm s. 
,„ _ S u c ro se

25 gm s.
__ : .Sucrose, _

15 ; ' 348 ■ 335 " 329 ;■ . 318 299

20 - 2 6 3 .5 / '  254 "- 7 .. 247 \ , 2 3 6 .5 2 2 2 .5

25 - 213' I ' ;205 1^7): 188 177

30 179 ;  j : l 7 2 r '  ^ ' 164 . 1 5 5 .5 147

35 ; 154 . 1 4 9 141 , ^1 3 2 .5 125

40  ̂; r 1 3 5 ) 131 %123 , 116 109 . ,

45 121 ' 116' ^ 109 ,103 97

_SQ— ;  87

\.

15 ;  356 ) 342 338 323 305 ;

20 '  ̂ 2 6 9 .5 259 253 242 227

25 217 209 , 203 193 . 181 \

30 182 1 7 5 .5 169 . 160 150

35 157 151 145 136 128

40 138 143 127 119 1 1 1 .5  _

45 123 119 113 106, 99

50 112 _ _ 1 0 7 _  .̂ 1 0 1 ________ 89_
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. M M o i J M i r - J g s m - . M a o M|sis„^^ VARIOUS MBTH0PS :üB ;

DSTERMIMEG lŒDUGIgG 8UG#8. ‘ , -

The main work in th is  sect ion  was. done hy taking  

th reerd i lu t io n s  of each of five, samples of d i f fe r e n t  

molasses and estim ating th e ir  reducing sugar content 

"by the fo l low ing  f ive ,  methods :-

(1).Lane and Eynon method: no water added

(2) " " ** '* ; 20 CCS. water added

(3) ” '• ' " " s 40 cos. .«» '* ;

(4:) JSleotrometric ** GaSO. c e l l )  20 and
‘  ̂ ~ ; ) 40 cos.

(5) " ' .

An avdrage of;;bhree t i t r a t i o n s  . was taken as the f in a l  

f igure  in each case, .and the r e s u l t s  were ca lculated  

from the appropriate ta h les :  the method of ca lcu la t ion

i s  shown in d e ta i l . :  :  ̂ ;

The molasses so lu t ion s  were defecated with normal 

neutral lead aceta te  so lu t ion  and potassium oxalate .

In the f in à l  ta h u la t io n :o f  r e s u l t s  the check 

f ig u res  shown in columns ( 6 ) , (8j  and (9) are due 

to E. Venkatayya B .A .,A.R.T.G. /  to whom acknowledgment 

i s  made. )

The object of taking d i f fe r e n t  d i lu t io n s  was to 

observe the e f f e c t  of concentration: each d i lu t io n

meant a d i f fe r e n t  t i t r a t i o n  re su lt  - that i s ,  a 

d if fe r e n t  volume of b o i l in g  l iq u id ,  which i t  was 

thought vfould mean a change in the reducing sugar
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percentage found, s ince the conditions of p r e c ip i ta t io n  

of copper oxide would vary with each d i lu t io n .  Several  

other experiments on molasses are recorded in sec t io n  (6 ) .

■A tab le  i s  shown which recommends amounts of 

molasses to be taken in order to bring the t i t r a t i o n  

range between 30 and 35 cos.
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l e s t  s _ p n _ M o l a s s e s _ u s i n g _ y a r y i n g _ ç p n c e n t  r a t i

A ll_ , .de feca ted_by^ .N Q rm al  l e a d  a . c e t a t e _& _po tass i um q x a l a t e

Ho w a t e r

20 c o s .  

v f a t e r

40 CCS. 

T f a t e r .

M o l a s s e s ,  % T i t n . % T i t n .  %■ T i t n .
s o i n . CCS . R .S . CCS . • R . S . CCS. R . S .

; . o f
M o l a s s e s .

J a v a 0 . 5 0 4 3 . 9 0 2 3 .6 7 _

% S u c r o s e
0 . 6 0 5 6 . 6 0 2 3 . 5 2 « -

3 3 . 3
A s h - 1 0 . 8 6 ^ 0 . 6 5  . " 3 4 . 4 0 2 3 ,0 4 ■ an —

5 1 . 80X 5 1 . 8 6 ^
H a w a i i ■ 0 . 7 5 4 0 , 5 5 1 7 . 0 2 4 1 . 7 0 1 6 . 5 6 4 2 . 6 8 1 6 . 2 0

% S u c r o s e 5 1 . 3 0 5 1 . 3 4
1 . 0 0  , 3 0 . 2 2 1 6 . 9 5 30 i 98 1 6 . 5 6 3 1 .6 0 1 6 . 2 5

3 0 . 0 5 0 . 6 2 5 0 .6 4
- 1 .  50., „12^Z3„ J 1 Z jl 0 9 . . s OjlSS._16^43__.S U 0 5 _ , 1 6 . 0 4

51^95 5 1 .9 6
Cuba ;b;.75 ) ' 4 4 . 40 1 5 . 6 0 4 4 , 7 5 1 5 .4 7 4 5 . 9 5 1 5 . 0 8

% S u c r o s e 5 1 . 3 0 5 1 . 3 0
“ 1 . 0 0 3 3 . 2 0 1 5 . 4 5 3 3 .8 5 1 5 . 1 6 3 3 .7 5 1 5 . 2 0

3 1 .5 9 50^71 50^72
A s h ^ 8 . 9 9 ^ — . -.SljLiSl 15^Z6. _ g W 6 _ , - l i ^ z a ________

51.92■ 61^97
A n t i g u a 0 . 5 0 4 0 . 5 5 2 5 . 6 0 4 2 . 0 3 2 5 . 3 1 4 2 . 5 9 2 4 . 4 1

% S u c r o s e 5 1 ^ 2 1 51^26
M 0 . 7 5 2 6 . 8 0 2 5 .4 6 2 8 . 0 2 2 4 . 3 6 2 8 . 6 5 2 3 . 8 5

2 8 , 6 5  %' A sh 50^76 5 0 .7 8
= _ i o a 2 i ____ _1 ,^Q 0„„ . .£5,4.61, _24^40__.£1±.£0_. 2 3 . 9 5

5 1 .7 9 5 1 .8 9
E g y p t i a n Ot75 4 2 . 2 0 1 6 .3 7 4 2 .0 1 1 6 . 4 4 4 3 . 9 0 1 5 . 7 6

fo S u c r o s e 5 1 .2 8 61^£8
1 . 0 0  . 3 0 . 3 0 1 6 , 9 0 3 1 ,1 0 1 6 . 4 9 3 1 . 7 5 1 6 . 1 5

3 2 .0 1  % A sh 50^.62 50^64
-  1 3 . 4 1 1 . 5 0 2 0 . 6 5 1 6 . 3 3 2 1 . 1 0 1 6 . 0 0 2 1 . 6 0 1 5 .6 3

M i l l i g r a m s  i n v e r t  s u g a r  f o u n d
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Tests on Molasses using varying concentrat ions .

AÎO1 d 0  f  e cat ë d by IT o rmal lead , ac et a t e & no ta s s i  urn oxal  at e .

GaS0 4

. 2ÔCCS,
w a t e r

à à s o i
4 0 c c s .  
w a t  e r

S i l i c a
2 0 OCS.
w a t e r

S i l i c a  
40 CCS* 
w a t e r .

T i tn , . ,
CCS

T i t n . ^
CCSi R . S .

I T i t n .
CCS .

T i t n ,
CCS.

■ ^  
R . S .

4 5 ) 9 0 : 2 3 . 6 7 4 7 . 8 0 2 2 . 4 8

3 8 . 5 5 2 2 3 . 4 4 3 7 .7 5 2 3 . 4 8

3 5 . 9 b ; 36 .20 ,  2 2 . 9 0 3 5 . 4 0 3 7 . 2 0 2 1 . 9 8

42:. 18 4 2 ) 7 3  1 6 .8 8 4 0 , 7 8 4 0 . 5 8 1 7 . 3 b ;  :

y #  10: 3 0 , 0 9 2 9 . 8 3 1 7 . 6 3

2 0 . 7 5 ) 2 0 . 2 5  1 7 .1 8 2 0 .1 0 1 9 . 9 0 1 7 . 3 3

4 5 . 5 0 : 4 5 )5 5 3 1 :5 .8 5 : 4 4 , 7 3 4 4 . 6 8 1 5 . 9 5

3 3 .9 5 3 3 .9 5  1 5 .7 9 3 4 . 9 5 3 2 .9 8 1 5 . 9 9

2 2 . 3 5 2 2 . 4 4 ; i 5 . 57 2 1 . 8 5 2 1 .6 1 1 5 .2 7

4 0 . 9 5  , 4 1 . 1 0  2 6 . 4 0 ‘ 4 1 . 1 0 4 0 , 7 5 2 6 . 2 2 ;

2 7 . 6 5 2 7 . 7 0  2 5 . 6 5 2 8 . 0 0 2 7 . 6 8 2 5 . 3 4

2 0 . 8 0 ; 2 0 . 8 0 , 2 5 . 2 3 2 0 . 1 8 2 0 . 1 9 2 5 . 7 5

'"I
4,3.39 4 3 . 4 5  1 6 . 6 0 4 3 . 1 0 , 4 1 . 8 5 1 6 .9 7  .

3 2 . 1 5 3 2 . 2 0  1 6 . 6 0 3 1 . 7 0 3 1 .2 9 l 6 ) 8 4

2 0 .8 8 2 0 . 9 5  ,1 6 .6 5 2 2 . 0 5 2 0 . 4 0 16 .9 0  :

Molasses. ,

Java ' 7 v
% Sucrose .

' -  ■ ' 
33.3  

Ash:10.86^

Hawai i-  ̂ ''
% Sucrose

30.0  
Ash=9..,7 5$g:;

Cuba 
% Sucrose

3 1 .5 9
Ash%8.99%

.'Antigua 
fo Sucrose

2 8 . 6 5 ^  A sh  
" 10.12^..

E gyptian ' 
% Sucrose

32.01%' Ash 
= 13.41

so la .
.of. " . ,v
Mo l a s des

; 0;50

, )b :6 o .

;

:l,;oo

1.50

0.75 . 

1 .00,
'  . -1, 50 /

0.50

0.75

1.00

0.75.

• '1)00

1.50
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E s t i m a t  i o n  of... Re d u c i i i g  S u g a r s  - i n  ■ M p l a s s e s  

"  ̂ \ by  V a r i  o u s_ M e th o d B . .

M o l a s s e s fo  S u c r o s e % Ash % so l u  
o f
Mo l a s s  
as . ,  ;

( 1 ) ___

Jjane &
E ynon
no
w a t e r

( 8 )  . ( 3 ) (4 ) ( 5 ) ,  :

L a n e .& 
E ynon
20 CCS.
w a t e r
a d d e d .

L ane  & 
Eynon  
40 CCS 
w a t e r  
a d d e d .

E l e c ­
t r o

. m e t r i c
GaSO^

E l e c ­
t r o  ■ 
m e t r i c  
s i l i c a

—
-

23.67
23.44
22.90

22.48
23.48  
21.98' /

17.19
1 7 . 1 0
1 6 . 8 4

17.14
1 7 . 1 1
1 6 . 8 1

1 6 . 8 8
17.40
17.18

1 7 . 5 0
17.63
17.33

16 .03 /
15.72
15.56

15.97
1 6 .0 7
1 5 . 4 2

15.85
15.79
1 5 .5 7

15.96
15 .99- ,  
1 5 .2 7  -

2 ,5.66
■25.22
25.19

25.89
25.20
2 5 . 2 0

26.40
2 5 . 6 5
25.23

26.22  
2 5 . 3 4  
25.75 :

1 7 . 0 6
1 6 . 9 2
16.40

1 6 . 6 9
17.04
1 6 .3 7

1 6 . 6 0
1 6 . 6 0
1 6 . 6 5

16.97
16.84
16.90

( 1 )  J a v a

( 2 )  H a w a i i

( 3 )  Cuba

( 4 )  A n t i g u a

( 5 )  E g y p t

33.30 1 0 . 8 6 0 . 5 0
0.60
0.65

2 3 .6 7
23.52
23.04

30.00 9 . 7 5

3 1 . 5 9 8.99

2 8 . 6 5 10.12

32.01 1 3 . 4 1

0 . 7 5
1.00
1.50

0 . 7 5
1.00
1 , 6 0

0.50
0 . 7 5
1.00

0 . 7  5 
1.00  
1.50

17.02
16.96
17.09

15.60
1 5 .4 b ;
15176'

25)60
25.46
25.61

16.37
16.90
1 6 . 3 3
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Estimation of Reducing Sugars in Molasses

M o l a s s e s

( 6 ) _____

L an e  & 
Eynon  
no w a t e r  
C h eck .

V a r i o u s  Me

_ _ m _ ____-

Munson & - 
W a lk e r  
m e th o d  
C heck .

th o d s
( c o n t i n i

EmnO. M e thod  
 ̂ C h e c k .

r e d ) .

_____ ( 9 )_____ __

Low^s T h i o s u l ­
p h a t e  m e th o d  
C h eck .

( l )  J a v a
2 3 . 4 0

By GupO 
2 3 )1 7

By Ouo ,̂ 
2 2 . 9 1

. 2 3 . 7 0 2 2 . 8 0

( 2 ) Havfai i
1 7 / 2 0  ^

By GupO.
1 8 . 5 2  

By GuO ' ;  
1 7 .4 6 , -

- 1 7 . 8 2  . 1 7 . 2 5

(3 )  Cuba
1 5 . 6 0

By Cu_Ù 
1 6 :3 1  

By GuO - 
1 5 . 7 9  •

1 5 . 7 9

-

1 5 . 7 4

( 4 )  A n t i g u a
2 5 . 2 6  .

By CupO: /  
: .25751  , 
By CuO 

2 4 . 7 2

, 2 4 . 9 6 ■ ■ 2 4 . 3 9

( 5 )  E g y p t
1 6 . 5 0

By GupO 
1 7 . 0 5  

By GuO 
1 6 . 5 1

1 6 . 7 2  ^ 1 6 . 5 3
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'Table showing method of cal c u la t ion  of  per cent 

reducing sugars in mol a sse s .

This, shows r e s u l t s  for  s i l i c a  c e l l s  by the 

e lectrom etr ic  methods the milligrams of invert  sugar 

are taken from the appropriate tab le .

Molasses ^ 1" so lu . '/Ti- Mgms.
fo

red. su­
con- -tT'a- invert sugars crose
cen­ l io n : sugar conc^. Int erp01 at i, on;. .
tra - C C S , -from ' gms,per from t a b le .
t io n t a b l e . 100 C C S .

■Java. 0.50 47/80 53/72 22.48 0.17 54.05 51.95 2.10
54.10 51.95 2*15

0.60: 07 .75 53.20 23.48 ) 0 .20 53 . 55 51.65 . 1.90
53,60 51.70 1.90

0* 65 37,20 53.14 21.98 0,22 53.55 51.65 1.90
— .—------ .53^60.__51j,70_

Hawaii• 0.75 40.58 53.26; 17/50 ; 0,23 53,70 51.80 1.90
53.70 51.80 1,90

1,00 29.83, 52.59 17/63: 0.30 53.05- 51.40 1.65
5 3 4 IO 51.45 lv65'

l.;50 1-9 4,0b. 51.74 17.33 0.45 52.25 50.90 1.35
------— - '— — ---- — .52^40,_SQ.95^.

Cuba 0,75 44.68 53.46 15,95 0,24 53.90 51,90 2.00
53,95 51.90 1.95

1.00 32.98 52.72 15.99 0.32 53.25 51.50 1.75
53.30 51.50 1.80

1.50 21.61 51,84 15,27 0,47 52.50 51.00 1.50
52,60 51.05 _1.55_ / ,

Antigua 0.50 40,75 53,43 26,22 0,14 ■ 53,70 51.80 1.90
53,70 51.80 1.90

0.75 27 . 68 52,63 25,34 0.21 52.90 51.35 1 5̂ 5 ;  :
53.00 51,40 1/60

1 ,00 20.19 52.00 25,75 0,29 52.40 5 0 ,9 5 / 1 .45  ::
52.50 51.00 _1. 5Q _

Bgyp-. 0.75. 41.85 53.28 16.97 0.24 53,70 51.80 1,90
t ian 53.75 51.85 1.90

l.OO 31,29 52.67 16,84 0.32 53.20 51, 50 1.70
53.25 51.50 1.75 :

1.50 20.40 51.73 16,90 0.48 52.40 50.95 1.45 ;
.52^50_  ̂ 51.00_ „1^5Q__ _
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T a b l e  s h o w in g  c o n c e n t r a t i o n  o f  m o l a s s e s  s o l u t i o n s  

t o  b r i n g  t i t r a t i o n  v a l u e  i n  r a n g e  fz?om 30 t o  35 c o s . 

u s i n g  L ane  an d  E y n o n * s  1 , 0 4  p e r  c e n t  m o l a s s e s  s o l u t i o n .

I f  P r e l i m i n a r y  
T i t r a t i o n  i s  -

CCS.

' Make t h i s  
p e r  c e n t . 
s o l u t i o n .

D i l u t i o n .

0 . 5 2 50 CCS. t o  100 CCS.

: /  0 ,524■ 60 ** t o  100 »'

' :  ' ;  s i ;  ;  ; : 75 ** : t o  100 /

T / h  :
• ‘ ’ ,%o ' . w e i g h  6 . 9 5  gms . t o  5 0 0 5 c s  .  ̂

D r y - de  l e a d i n g . .

: 9 ; - p p . ; : 1; i / b o "  , . W eigh  7 . 8 0  g m s . t o  500 " j

' h /  \ 5 o ' )  X ' T 1,73.^ ' “W eigh 8 . 6 5  g m s . t o  500 '*

T h i s  t a b l e  i s  d e s i g n e d  t o  m i n i m i s e  t h e  e f f e c t ,  o f  

d i l u t i o n  by a r r a n g i n g  t o  h a v e  t h e  t i t r a t i o n  v a l u e  a t  

30 t o  35 c o s .
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In th i s  sec t ion  the fo llowing work i s  recorded;-

(a) Various experiments with molasses.

( h ) Result of var ia t ion  of b o i l in g  time in reducing-

- sugar est im ations .

(c) E f fe c t  of' the shape and s iz e  of f la s k s  used in 

- ; reducing-sugar determinations.
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(_a 1 EXPERIMEÎHT ( l ) s - E ffec t  of concen tr â t ion wi th t he 

incremental method. : ./

Increment as amount of so lu t ion  added in the cold i s

in creased;"..Antigua molasses; Lane & Eynon method.

T itra t io n  ccs* T itra tion
'•■Ho; added cos . __

before ™
: b o i l in g .

(1), , 35.0 37.85

(2) 37.0  33.25

(3) 3 8 .0 ............ . 38,80) mean -taken as

(4) ..... . 38.5, ■•''■3 8 . 9 5 ) 3 8 .8 8 .CCS,

This increment seems t o ,be more-pronounced where the 

t i t r a t i o n  f igure  i s -h ig h  e;g^ round about 40 ccg.

This r e su l t  raised the questibn - How mUch of the supposed, 

"action of sucrose" oH réduction of copper so lu t ion s  i s  

r e a l ly  due to t h e ,cohoentrqtion and V is o o s i t y .o f  the 

sugar so lu t ion  being t e s t e d ? / )

The -results  obtained here, would suggest that one 

incremental t i t r a t i o n  may not be enough in Lane and Eynon* s 

method. I f  the t i t r a t i o n  value in Ho. 2 t i t r a t i o n  had 

been accepted, there would obviously have been a r e l a t iv e ly  

large error in the r e su lt  as compared with the mean of 

t i t r a t i o n s  Hos. (3) and ( 4 ) .  . :
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( a) EZPERIMBHT ( 2 ) s- - E f fe c t of smalj t i t r a t i o n  f igures
Ahtigua__Mplas8e8 

% Sucrose ^"28*65 K_BedUGing_Sugar8

(aj..-ugihg_ ni_iiâing_Oj,^_solu;i' ....., ,

Method D e ta i ls AV.

Titration
%
Reducing

.Suaarsi_.

Av.
T itra t io n

_________

Reducing; 
sugars .

*  ■llllAllI mm H iM ll III, 1 I|«f 11 f 1 IÉ *  1 lia II IBII.II .. ...... . 11 M ■  lu

Lane & Eynon 
ordinary : water ' 18/48: 86 . 40 38,88 25,10

40 CCS.
-water f 19,98: 25.66 40ë05 25.62 '

Electro-: .  : 
m e t r ic , . : / ' Alundu# : 19,20 -2 6 /0 4 40.20 25.18 '

'• ly::  1 
s i l i c a  : ;...  ,19/45 - 25.96: 39.06 25.86.' .

)à S Û 4  ' 1 9 / 4 3 ' ■ ' )  

Av.o f  a l l

- 2 6 .0 4  

26.02

39.33 25.42 : 

25.44 .

Ù
13)I:

■ 7 S§sulti__iy„.piher„^

Munson & Walker * s. method .{by 0u20) -  25,51
" " " ■ (by Gu20

corrected) ” 24,69 
" . . " " by GuO -  24.72

By method ' . 24,96
By Low* s Thiosulphate method ^24 ,39

Mean of methods 2 to 5 ^ 2 4 .6 9

The r e s u l t s  with a 1 per cent so lu t ion  g iv ing  t i t r a t io n s  
below 20 cGs ; ■ are apparently too high^ This points to  
the, n e c e s s i ty  for  taking a concentration which w i l l  give  
t i t  r a t i  on f ig u res  of 30:t o ; 35 c e s .
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Th e  e f f e c t  o f  Ga l o i u m  S a l t s  o n .R e d u c i n g  Sug a r _ D e t e r m l n a t i o n s )  

E y n o n , a n d  Lane  ( l o o .  c i t . )  h a v e  shown t h a t  t h e  

p r e s e n c e  o f  c a l c i u m  s a l t s  c a u s e s , l o w - r e s u l t s  i n  r e d u c i n g  

■sugar e s t i m a t i o n s .  . They r e c o m m e n d - t h a t  p o t a s s i u m  

o x a l a t e  be  u s e d  a s  a  d e c a l c i f y i n g  an d  d e l e a d i n g - a g e n t .

Meade and  H a r r i s  ( J . I . E . G . , ;8, p . 507)  o b t a i n e d  h i g h e r  

r e s u l t s  when u s i n g  p o t a s s i u m  o x a l a t e ,  a s  d i d  H o r r i s ,

& Brodie (Hawaii an  ̂PIante r ̂  s^Re oprd, V o l .17, p . 311). . v

Thé se di e s were a ttr ib u ted  by them to a reducing

action  of: potassium oxalate oh Eehling*s so lu t io n .

)  : ; Gook and MoAllep (lb id /)V o l.32 ,, showed .that

the-presence:,af)potasslum ;oxalate or disodium phosphate 

does not a f fe c t  the reducing power of pure so lu t io n s .

They a lso  demonstrated tnat in t hé presehce of neutral 

lead acetate  e ith er  a -d è f iç ién cy  dr an excess of 

potassium oxalate leaves  lead and lime in  so lu tion  and 

causes low r e s u lt s :  in the absence of lead an excess

of potassium oxalate does not a f fe c t  the r e s u l t s .

EX3E R1MBHTAL : -  Some e x p e r i m e n t s  made by  t h e  a u t h o r  on 

m o l a s s e s  u s i n g  o x a l a t e  a l o n e  an d  l e a d  a c e t a t e  f o l l o w e d  . 

by o x a l a t e  d e f e c a t i o n  a r e  r e p o r t e d  on t h e  f o l l o w i n g  p a g e s .



( a )  EXBSRIMITT ( 3 ) g -  E f f e c t  o f  met h o d  o f  d é f é c a t i o n  

J a v a  Mo l a s  s e s : -
IjL M M lm oetate_and _^ alaM _treatm ^  ^

5 -g m s .  w a s h e d  i n t o  500. c c s .  f l a s k ,  9 , 5  c c s .  o f  n e u t r a l

l e a d  a c e t a t e  a d d e d ,  made t o  vo lum e an d  f i l t e r e d  u s i n g  

K i e s e l g u l i r • Then a d d e d  s o l i d  p o t a s s i u m  o x a l a t e  a n d  

refiltered_wit^%ieselg!^r^__PiltraM^
IIjL_Ogalate_pnl%j^

5 gms, i n  500 c c s .  S o l i d  p o t a s s i u m  o x a l a t e  a d d e d  and  

Ê i l i e ^ e â ^ M i M ^ a e s e l g u h r ^  ________

Test Method cos.
ITo. water $  Reducing Sugars.

 ______     . ___added. '    '
V. "  “ ■ i . r "  “ ■ I I .

(1) Lane, arid Eyhon .-0. ' 2 3 . 7 0  2 4 . 0 4

( 2 ) ” " » : : * 2 0  /  2 3 , 8 5  2 4 . 1 5

( 3 ). " - " » ' 4 0 -  -  23.60 23.96

( 4 ) E lectrom etric s i l i c a )  :v — ",
' c e l l  ) 4p -i - 2 3 . 5 0  2 3 . 9 0

( 5 ) - ' '  '
; j c e l l  40 : j /  -  23;7P 23.90

(6) alriridum) : i  ' '
 40  \ _  2 3 . 2 5  2 3 . 1 8

Hawaiian Methods of treatment I and II exactly  as 
Molasses. for  above Java sample. '

III
(4)

( 5 )

(6)

L ane  a n d  Eynon 0 1 6 .9 5 1 7 . 2 31» u 20 , 1 7 . 1 0 1 7 . 4 5
«I »t 40 1 7 .1 1 1 7 .1 8

B l e c t r o m e t r i c  s i l i c a )
c e l l  ) 40 1 7 . 2 3 1 7 . 5 5

'* CaS0 4 - )
c e l l  ) 40 1 7 . 4 0 1 7 . 8 5

" Alundum )
c e l l  ) 40 1 7 . 5 1 1 8 . 2 8
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R e s u l t s  f o r  J a v a  an d  Hawai i an M o la s s e s  by  o t h e r  m e t h o d s .

Ho. - M ethod  J a v a  H a w a i i a n

( 1 )  L ane  a n d  É y n o n  w i t h o u t  a n y  :
t r e a t m e n t  2 2 . 6 5  1 6 , 8 8

( 2 )  E l e d t r o m b t r i c :  s i l i c a  no
t r e a t m e n t  2 2 . 6 0  1 6 . 9 6  ;

( 3 )  Munson a n d  W a lk e r  2 3 . 1 7  1 8 . 6 5

( 4 )  P e r m a n g a n a te .  - 2 3 . 7 0  1 7 . 8 2

( 5)  ; Low' s;. T h i 0 8u I p h a t e  m e th o d  2 2 . 8 0  1 7 . 2 5  '

.sUMmRYr- 1- V ' :: ,

; The e f f e c t ,  o f  c a l p i u m  s a l t s  i n  c a u s i n g  low  r e s u l t s  

r e p o r t e d  f o r / t h e : L a n e  and  E ynon  m e t h o d , h a s  b e e n  

c o n f i r m e d ^ f o r  they  L a n e  a n d . Eynon and  . E l e c t r o m e t r i G  

m e t h o d s . '  W i t h  n e u t r a l  l e a d  a c e t a t e  d e f e c a t i o n  f o l l o w e d  

b y  d e c a l c i f i c a t i d n >  t h é  r e s u l t s  b h  t h e  w h o le  w e re  v e r y  

s i  i g h t  l y  1 ow er  t h a n  when , o x a l a t ë  a l one was u s e d .  T h i  s, 

p o i n t s  t o  t h e  p r é c i p i t â t i o n  of^ r e d u c i n g  n o n - s u g a r s  by 

t h e  l e a d  a c e t a t e T h e  h i g h e s t ,  r e s u l t s  w e re  t h o s e  f o r  

o x a l a t e  t r e a t m e n t  a l o n e ,  w h e r e  t h e , r e d u c i n g  n o n - s u g a r s  

r e m a i n e d ,  b u t  t h e  d e p r e s s i n g  e f f e c t  o f  c a l c i u m  s a l t s  

was  r e m o v e d .
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: (b) Tests on B ollin g  Times,

A s e t  o f  o r d i n a r y  f l a t  b o t t o m e d  f l a s k s  an d  a  s e t  

o f  p y r e x  f l a s k s  w e re  p r o c u r e d  an d  e a c h  f l a s k  was 

w e i g h e d .

O r d i n a r y  s e t  250  c c s . c a p a c i t y . P y r e x  s e t  250  c c s .

■ P l a s k  Ho• F l a s k  Ho.. Oms^

1 - ; 4 9 . 3 5 I P 8 2 . 2 5

' -  ^ 4 5 . 5 5  ■ : ,2P 9 2 . 0 0

3 4 8 . 4 5 h V ;  _ y  . . / 3 P  ' - 8 2 . 5 0

y: 4 4 8 . 8 5 : ; 4 p 8 6 . 3 5

3 6 . 9 5 5P 9 6 . 3 5

■ ^ 5 5 . 4 5 6P: 8 7 . 1 5

7 V 4 9 .  W : ■■■-'■' 7P 9 1 .9 5

« ; ' - w 4 5 . 6 5

Ü 5 9 . 0 5 ,

' 10 4 6 . 6 0

F l a s k  D i m e n s i o n s .

D ia m e t  e r  a t .ne  ck 2 . 1  cms. 3 . 5  cms.

L e n g t h  o f  n e c k 8 . 5  cm s . 5 . 3  cms.

D i a m e t e r  o f  b o t t o m 4 . 0  cms. 4 . 0  cm s ,

T o ta . l  h e i g h t 1 6 . 8  cms. 1 3 . 0  cm s.

M a x .D i a m e t e r  o f  b u l b 7 . 8  eras. 8 . 4  cms.

From a b o v e  w e i g h t s  i t  i s  - seen  t h a t  t h e  g l a s s o f  t h e s e

f l a s k s  m u s t  h a v e v a r i e d g r e a t l y  i n  t h i c k n e s s f ro m  f l a s k

t o  f l a s k .
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( b )  T e s t s  on B o i l i n g  T im es .  -

250- C C S .  F l a s k s  o f  o r d i n a r y  an d  P y r e x  s e r i e s  t e s t e d .

Te s t  Bo l u t i o n s -

125 gms. S u o r o s e - t  100. CCS. s t a n d a r d  i n v e r t  s o l u t i o n ,  

made t o  500 c c s .  100  c c s .  s t a n d a r d  i n v e r t  s o l u t i o n

contains i  gm. of invert sugar.

Thus concentration of Test Solution was s-

(25 gms. 

( 0 , 2 . gm.

Sucrose

inyert

r y :Per 
) 100 

Sugar.) CCS.

Test
Ho.

Flask Blaine 
Ho. inches

Fehlih
s o lu t i

g)s; ccs) ' ;;Time; ; Ti- 
on so lu t  ion : t  o y ' tra-  
; 1 added bo i 1 - t io n  

. " Mins.Csecs.oas. '

CCS.
water : 

, added.

(1) . 1 0  1: \  2 2 6 ,0 / y. 3 25 out ’̂ y;;;:oïy\y

(2) 3p: ■ . 6 1-V:yio. ; 24. 01 : ' 55 ,y out . iyp:yyx

(3) - 10 '■y;;15.0\„. :̂ .V ' / 10" 20.65 0

(4) 4 ' 6 ■ 20.0 2 5,5 21.10; 0 .

iuëJ.—__2P_ :.... p___

(6) 6 ; ,  10 20.0 2 @5 : 20.92 0 : '

( 7 ) 1 8 10 20.0 1 : ,55 : 21.05 ' O', y

l8 i_ .__1P__ _8___ 10 ' ysozj__âljLOO_ 0 /

( 9 ) 9 4 10 20,0 :. 5 00 20.90 0

____ ________ ^ _ _ io „ ___ _ 4 _ L »15„ .... ...0 ;
( 1 1 ) 17 P 9 10̂ 20.0 1 35 21.40 p

1121 ___1 _15__gl^ 50^
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(b) Te s t s  pn...Bolllng_£lmg.gnsoflM n

Test
Ho.'

F la sk
Ho.

Blame
inches

B e h l in g ’ s 
s o l u t i o n

CCS.

CCS. Time 
s o lu t io n  to  
added b o i l

M in s .s e c s

Ti-  • 
t r a -  ■ 
t ip n

. CCS .

CCS, ■
water  
added.

(13) 3 9 10 2 0 .0 2 15 22 .22 20

M l ....... 7P ; ^ 2 5 _

(15) 9 - 10 2 2 .0 3 05 2 2 .50 40

(16) : : 9 10 2 2 .0 2 50 22 .90 40

i i Z i - ' :,3__ ___;9;- ■ \ 10 1QQ_ ...40

(18) : 4P ' 10 2 2 ,0 5 15 2 2 .0 0 20

i i 2 l _ ■ __ 4 . a W — _10__ __20

(20) N ' ' 10 2 2 .0 7 15 2 2 .60 40 y
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In these t e s t s  the time of b o il in g  was varied  in  

two ways
(1) by adjusting the s iz e  of flame.

(2) by adding water before h eatin g .

This made a range of "times to boil" from 1 minute 15 seconds 

to 7 minutes 15 seconds. The v a r ia tio n s  in volume used 

for t i t r a t io n  was from 20.65 ccs. to 21.5 cc s . without 

added w a te r ,r is in g  to 22.90 ccs . with 40 cos. added water, 

y . The d if feren ce s  obtained show that the time of 

b o il in g  i s  c e r ta in ly  very important, and so a lso  i s  the 

t o t a l  volume in the f la s k ,  s ince th is  i s  the most

important fa c to r yin the time taken to b o i l .

Re G oimendat io n ;-

I t  i s  recommended therefore that f la s k s  of uniform 

s iz e ,  shape, and th ickness of g la ss  should be se le c te d  for  

the volumetric estim ation  of reducing sugars, and that  

the amount of l iq u id  in the f la sk  should be adjusted to 

give approximately the same volume for each t i t r a t io n .

In order to get a good. end-point w ith the methylene 

blue procedure i t  i s  further recommended that a volume - 

of e ith e r  20 or 40 ccs . d i s t i l l e d  water be se le c te d  for  

addition  before heating , and that the t i t r a t io n  should be 

arranged so that 30 to 35 ccs . of t e s t  so lu tio n  are used.

The f la sk s  preferred by the author are round f l a t -  

bottomed lyrex  f la s k s  of 250 ccs . nominal capacity  and of 

weight 85 to 95 gms.
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( C ) - Iffec;fa_of_Va^3ring_a:haBe_and_3i2.e- o f B o i  11 m  

glasks_used^f 0 r_Lane_&_Eynoh:< s .. Method .

Test_Solu t j o n ;- ConGêntration per 100 cos.

25 gm s. S u c r o s e  

7_" F lam e  t h r o u g h o u t .  0 . 2  gm. I n v e r t  S u g a r ,

10 CCS. Fehling^s So lu tion  used in each case & 3 -T itrations  
performed,

20 CCS, of Test so lu tio n  was added to each f la s k  before 
heating .

Test P artie -  Horn Ac Dia- Length Dia-
Ho. u lars in a l tu a l meter of. meter Height

of-, . capa capa of neck bottom
f la s k  c i t y  c i ty  Heck, cms. cms.

. CCS. to cms.
' % . ' \ . ■■ neck

' C C S .  ’ ' ' ' : ______ ________

( l )  F la t Bottom.
ed Round ; 250 255
R e s is ta n c e ' / y y
Mohorief f  s .

2 .il

( 2 ) Conical -
Flask . 
M oncrieffs

( 3 ) Gpnical 
Pyrex

( 4 ) Conical 
Bohemian 
g la s s .

500 500 2.7

250 290 -2 i5

200 230 2.1

( 5 ) Conical
Moncrieff 8 100 105 1.8

(6) Coniéal
M oncrieffs 50 50 1.8

( 7 ) F lat Bottom
ed Pyrex 250 280 3 ,5
wide mouth

8 .5

3.0

3iO

2.3

2.4

3.1

6 .0  13.5

4.6  13.0

4.5

3.3

4 ,0

11.0

9 .0

13.0

Orea- Av. 
t e s t  Titra» 
dia- t io n  
meter ccs .  
cms •

4 ,0  16.8 7 .8  21.10

7 ,0  16.5 9 .8  20.89

8 .4  21.12

7 .3  21,20

5.5 21.20

4 . 6  2 1 . 0 0

8 .4  21.00
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The r e s u lt s  obtained in the above t e s t s  for  

t i t r a t io n  c c s .  would seem to show that the e f f e c t s  of 

kind of g la s s  and surface exposed have been exaggerated. 

There i s  apparently very l i t t l e  d ifferen ce  between using  

a 50 CCS, f la s k  and a 500 ccs . f la s k .  I t  i s  obviously. ,

preferable to use one s iz e  and shape of f la s k  for  

standard, purposes.
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In concluding th is  section  i t  should he mentioned 

that the determination of reducing sugars forms subject  

4 of the research agenda of the In tern ation a l Commission 

for  Uniform Methods of Sugar Analysis under the 

Presidency of'Doctor Frederick Bates, U.S. Bureau of 

Standards. ■ V' - ' - , -

; The author i s  an a sso c ia te  referee  fo r  Subject 4; 

he hobes to present the resu lt^  here recorded at the 

Tenth Session  of the Commission. , .
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y THE DETERMIHÂTIOM : 01 RÏÏDUCÏHG 

SUGARS ÎH TOITE SUGARS.

In t h i s  part df the work, the determination  

of reduping, sugars in  white sugars has been made , 

by severa l methods. The ..methods have been compared, 

using s p e c ia l ly /p u r if ie d  sucrose,, samples of v/hite 

sugar, and in v er t-su g a r , so lu tio n s  o f .known coneentration ,
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U ntil f a i r l y  recen tly  no a tten tio n  had been paid to y %

t h is  question: even now some re f in e r s  are re lu ctant to

adopt control of reducing sugars in the f in a l  product. : / -

The importance of a n a ly s is  of white, sugars has been y

/.shown in Part 1 of th is  work, and there i s  need for  an . -

accurate method of determining small amounts of reducing ' ,

y sugars in  preseribe of a large excess of sucrose.

: 8even methods which have been put forward are here ; 

'described. The methods have been compared, and th e ir  \

advahtages: and d e fec ts  are d iscussed , i

i ' ; The/:in tr o duction  to part 3 (page 66) describ ing

the im portant[factors in reducing sugar estim ation s ,  

may be referred  to as having obvious connection with  

' the-methods now detailed^ i
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IHTRODUCTIOH TO TBÊ-̂  MET HODS : ,

In the fo llow ing  experimental work, severa l known methods 

of determining small q u a n tit ie s  of,reducing  sugars in white  

sugars were in v e s t ig a te d .

1, 8a i H ard*s method, copper reagent of high a lk a l in ity :

reaction  carried 'out at a lower temperature than the b o il in g  ?

point o f  water, cuprous oxide estimated by Bertrand* s ' ty

permanganate method.

S. B e r l in .I n s t i tu te  and 3. Ofner’ s method, iodom etric,

: reduced copper being determined. i -

" 4. Luff-86ho o r l . estim ation  made iodom etrica lly  through /t

the unreduced copper. ; ■, . ’ ,

 Ost * si methodt/G dp per reagent made w ith  Potassium - ■

ybioarbonate and carbonate| cuprous oxide estim ated by Bertrand*s. 

y permanganate method. . ... : , . ^

6y . yMaih* sy.mothpd, using "L.F.S." so lu t io n , volum etric, ■

. methylene blue as in tern a l in d ica to r , y - ,yy

SAILLARDyS_MSTHODi The copper reagent contains 66 g. 

HaOH/liltre otherwise i t  i s  prepared l ik e  le h lin g -S o h x le t  

so lu t io n . A mixture of 20 cos of th is  reagent . and 50 ccs 

of sugar so lu t io n  i s  heated in a con ical f la s k  in a  vfhter bath

at 63 - 64 °G for 22 minutes and the Gu„0 ascerta ined  by
. ' ..." '.  ^

Bertrandls method in e x a c t ly /th e  same way as in Ost*s method,

A tab le  given covers a. .range of 0 - 80 mg. of invert sugar

and 0 « 8*15 .g. of sucrose in the 50 cc used for  the t e s t ,  1

The acid f e r r ic  sulphate used for the d i s - so lu tio n  of Gû O

contains f  e rr ic  sulphate 50 g, and HgS0^200 g/L . (Betterave et  
.Sucrerie de B etterave ,1923, Vol. 1. p. 137).
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A pplication  o f  SAIHARD’ S BBIHOD.
Ajw*4.  <T*~ I J f T  011 mi I i m  >  II > 1 11 >1 Wi I fc. I ■! III B ill I p i  r m m  i l  I III I t  III III I p |i  w  #  i # i  p m m i i i #_iLi i #  i ■  i b i ii — ^ i m i i i i

De te  rm Ina t io n  o f  Invert Sugar in  **SLLy" Beet 

M olaseee:- 13 g , o f  molaasee pins 25 ml. o f  a 10 per 

cent neutral lead a ceta te  so lu t io n  was made to 250 ml. 

f i l t e r e d  » 50 ml. o f  f i l t r a t e  p lus 5 ml. of a 10 per cent 

potassium oxalate  so lu t io n  and a l i t t l e  alumina cream m .B  

made to 100 ml. and f i l t e r e d .  50 ml. o f  the f i l t r a t e  was 

used for the estim ation .

0 .9  cc. o f  .5/S MnO^ was used -  9 mg. o f  copper

a 4 .68 mg. o f Invert
( tab le)

Per cent o f  in ver t  sugar = ( .00468 x 100) » .36
( l e  3  )

In the same sample, invert sugar was estimated by Ofner*s 

method m .677 per cent and by the e lectrom etr ic  method 

5  .665 per cent.

This method i s  very good for large percentages o f  

in vert sugar,as in  cane molasses and raw sugars, but is .  

not su ita b le  for white sugars, as seen below;-

Saillard* s 

Ofner*s

Btd. 118

.000

.0015

Castor

. 0136 

.009

Castor p u r if ied  
by double p u r i f i ­

ca tion  with a lco h o l.

*000

. 000
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EESCRIPTIOK OF THE MSTH0D8 OF OFKBR, EBRLIH INSTITU'JE, 

LUFF SCHOORL, GST and HàlN WITH EXASÜPLES OF EACH.

1. OFMBR*8 lüBTHODî In H erzfeld 's  Method, the consider-

able reducing a c t io n  o f  sucrose n e c e s s ita te s  very 

carefu l observance o f  the operating con d ition s , such as 

the time taken to bring to b o i l in g ,  the duration o f  

b o il in g  e tc .  Ofner recommends the replacement o f  

Boxhlet»s so lu tio n  by a copper reagent on which sucrose  

has no action* Such so lu tion s  can be used for a l l  kinds 

o f  sugar products ir resp e c tiv e  o f  th e ir  sucrose content, 

no tab les  being necessary to vfork out the r e s u l t s .

Method o f  1932 as adopted by the Czechoslovakian Sugar 

Industryg-  The copper reagent i s  prepared as fo llow s - 

5 g . o f  OuSÔ  .5  EgO. 10 g . anhydrous NagCO .̂ 300 g . 

Rochelle*s s a l t  50 g* o f .12 HgO. the con­

s t i tu e n ts  d isso lved  mainly in  the co ld , but heating for 

two hours on a water bath to destroy the spores i s  

recommended. When cool and made up to volume i t  is  

shaken with a l i t t l e  a ctive  carbon or k ieselguhr and 

f i l t e r e d  a f te r  standing for some time.
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The Iodine so lu t io n  contains 4*0995 g* of l / l i t r e  

The thiosulphate ** ** 8.0165 g. o f  HagSgO^.51^O/L

Iodine i s  so lub le  in  water only to the extent o f  one 

part in 7000 parts o f  water, consequently the above 

so lu t io n  could not be prepared with iodine alone.

2 .6  g . KI plus the iodine is  d isso lved  in  a l i t t l e  

water and made to volume. (ICI plus Ig m KI^)*

The iodine so lu t io n  for the B erlin  In s t i tu te  Method was 

a lso  made with ICI.

PROQETOBE? 50 ccs . o f  th is  so lu tio n  and 50 ccs o f  the 

sugar so lu t io n  containing 10 g. or le s s  of the sample 

i s  brought to b o i l in g  in 4 -  5 minutes in  a 250 ccs .  

sp h er ica l f la sk  (Ofner recommends 300 cc . Brlenmeyer fla sk )  

and kept in  gentl;e e b u l l i t io n  for ex a ctly  f iv e  minutes, 

a f te r  which i t  i s  rap id ly  cooled under the tap without 

motion, the liq u id  a c id i f ie d  with 15 ml. o f H HOl. 

treated a t  once with excess o f  .0323 H .l so lu t io n  and 

excess o f  iodine i s  t i tr a te d  with 0.0323 M thiosulphate  

so lu t io n ,  using starch  ind icator .
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QALCIJiATIQNî OEKEIR*S « T E O D .

Each pc. o f  iodine consumed equals 1 mg. o f  

in vert sugar so that *006357 g . o f  copper -*00310 g . o f  

in v er t .  One molecule

ôf' in vert sugar reduces 6 .2  GuO to cuprous

oxide; a correction  o f  1 cc. o f  iodine i s  made for  

the reducing action  o f  10 g . o f  sucrose*

EXMIPIE:

In a t e s t  20 ccs . o f  .0323 H .l was added and 

14.2 C C S .  o f  0.0323 th iosulphate were required for  

the excess of iodine*

Find the percentage o f in ver t  sugar.

Iodine consumed s (20 .0  -  14.2) = 5 .8  ccs .  

Gorrection for reducing action  o f  10 g . o f

sucrose # 1 * 0  ccs .

(5 .8  -  1 .0) -  4*8 C C S .  o f  .0323 HI « 4*8 mg.

o f  invert; percentage o f  in vert sugar # ( .0048 x  100)
10 

# *048

( The International Sugar Journal, Jan.1937, p .1 4 8 ).
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The copper reagent ia  prepared as fo llow s (Muller*a Solution)

35 g . o f  GuSÔ  5EgO d issolved  in  400 ccs . o f  b o il in g  

water* In another v e s s e l  175 g. o f  Rochelle S a l t ,  

together with 68 g. o f  anhydrous HsgCO  ̂ are d isso lved  

and made to 500 ccs . A fter cooling the two so lu t io n s  

are mixed, made to 1 l i t r e ,  shaken with 1 - 2  teaspoonfuls  

o f  a c t iv e  carbon, and a fte r  standing for sev era l hours 

f i l t e r e d  through a hardened f i l t e r  paper.

FROOEDURIg: BERLIH IHBTITUm iCETHOB.
    j..iw.whinip w—— — h i n—mami wh iimw miii jummii mwj j

The sugar so lu t io n  ia not defecated . 10 g . or le s s e r  

quantity o f  sugar to contain l e s s  than 30 mg. o f  in vert  

sugar is  d isso lved  in  100 ccs . o f  d i s t i l l e d  water, mixed 

with 10 C C S .  o f  Mueller*s so lu t io n  in  a 250 cc. spherica l  

f la s k  (Method recommends 300 ml. Erlenmeyer f la sk )  and 

heated in  a water bath b o il in g  so v igorously  th at the  

immersion o f  the f la sk  does not stop e b u l l i t io n ,  for exactly  

10 minutes, a f te r  which the f la sk  i s  cooled without shaking 

under the tap , treated  with 5 ccs . o f  5 H a c e t ic  acid  

( ta r ta r ic  acid may be used), excess o f  n/30 I so lu tio n  

added shaken so that the p r e c ip ita te  may d isso lv e  and the 

excess determined by t i t r a t io n  with N/30 th iosu lp h ate , a 

few C C S .  o f  1 -  2 per cent starch so lu t io n  being used as 

in d ica tor .



- 1 7 7

C alcu la tion. The volume of iodine consumed is  

corrected as fo l lo w s!-

(1) Correction made occasion a lly  using  

d i s t i l l e d  water instead o f  the sugar 

so lu tion ; found to be 0 .2  cc.

(2) Correction for the iodine consumption 

of 10 g . o f  sucrose found by repeating  

the t e s t  with the exception that no 

heating i s  applied , gen era lly  0 .1  cc. 

though may be as high as .7 cc*

(3) 2 CO. o f  M/30 1 for the reducing action  

o f  10 g . o f  sucrose.

A fter the corrections have been made, 

each cc. o f  N/30 iodine equals 1 mg. o f  

in vert sugar.

EXAMPLE: BERLIN INSTITED: mETHOB:

In a t e s t  carried out in  the hot 20 ccs . o f  

iodine was added and 12.0 c c s . . o f  th iosu lphate used 

in  back t i t r a t io n .  In the experiment carried out 

in the cold 5 ccs . o f  N/30 I  was added and 4 .3  cos. 

o f  th iosu lphate used in  back t i t r a t io n .
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QOHRE QTIOHS £ -  In an experiment, using only 100 cos.  

[pf' d ia t i l l e d  water p lus 10 cos# o f  Mu;Iier*‘e; so lu t io n  

5 0 0 8  » o f  N/30 iod ine  so lu tion  added and 4 .8  c c s .

o f  th io  s u Ipha t ë u a éd in  bfi ok t i t r a t io n .  Find the 

percentage o f  in v er t  sugar i f  the reducing adtion  o f  

10 g . o f  sucrose equals 2*0 ces#

Iodine consumed in  t e s t  •  (20 -  12.0) s  8 .0  ces .

( l )  0brrëc t io n  for iod ine consumption
o f  Ï0 g . o f  sucrose ( 5  -  .4*3 /)=  .7  ccs .

■(à) -d o - for a c t io n  b f .
d i s t i l l e d . ; # a t e i  /' ( 5 -  4*8 ) % *2 ccs .

-d o - reducing a c t io n  o f   ̂ '
10 g . o f  sucrose : -  2

r »7 — *2 — 2»0) » 5 i l  cos* s  5 .1  mg*

q f  inv e r t  s uga r .

Percentage o f  in v er t  sugar - ( .0 0 5 1  x 100)
' [ H - C : :   ̂ ( 10 )
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Lùff-gohoorl Eèmëd*

The copper reagent i s  prepared as fo l lo w s : -  

17.5  g . o f  Gü SO4  5HgO and 115 g . o f  

ô i t r i c  acid c r y s ta ls  d isso lved  in  2 0 0  cos. o f  

wateryby[gentle heating . To th is  so lu t i o n î when 

cool,; isiadded with shaking*[a so lu t io n  contain ing

185.5  g . / o f  anhydrous Nà̂ GOg in  about 500 ccs . o f  

water in  small q u a n tit ie s  a t  a'tim e so that so lu tio n  

may take p la c e 4 A fte r cpdiing, the ab lu tion  is  

made to One l i t r e ,  shaken [with 2 g* o f  washed and 

ig n ite d  k ieselguhr and f i l t e r e d  by su ctio n . The 

a lk a l in i t y  o f  the so lu t io n  should be 1.78 H (by 

phenolphthalein) and should be co n tr o lle d è

Raw eugars are defecated  with neutra l lead  

a c e ta te  and excesd lead removed by phosphate- 

oxalate mixture.

PROŒDtmi -  LXJFF-SGHGORL JQSTHQB:

0.5  g . or a sm aller quantity o f  sugar to contain  

l e s s  jthah 45 mg» o f  in vert sugar i s  d isso lved  in  25 ces .  

o f  d i s t i l l e d  water^ and mixed with 25 c c s .  o f  the copper 

reagent in  à 250 c c s . sp herica l f la s k ,  a l i t t l e  pumice 

powder being added to le ssen  super-cheating.
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The so lu t io n  i s  heated under r e f lu x  while re s t in g  

on wire gau^e which in  tu in  r e s t s  on an asbestos card 

having a cen tra l ho le  o f  6 .5  oms. diameter. The 

l iq u id  ; i s  brought to b o i l in g  in  three minutes (u sin g  

a Meker Burner) and b o i l in g  continued for f iv e  minutes 

The f la sk  i s  then cooled under the tap and 15 ods. o f  

20 per cent K l / iq d a t e  free) so lu t io n  added, followed  

by 15: CCS. o f  25 per cent HgBÔ  which i s  added slow ly  

to avoid lo s s  by e fferv escen ce* The iod ine lib era ted

i s  then t i t r a te d  with H/IO 5H^0. 1 cc* o f

a one per cen t starch  sblUtiOï/added a s  ind icator  n e a r

the end o f  t h e  * t i t r a t i o n . '  The rHgSO^ should be fr e e

from iron  to avoid a ftër-b lu ëing*  . end p o in t d f  

the read tion  i s i  shown by the disappearance Of blue and 

appearance o f  a cream/do Id ra t io n .

À blank déterm ination i s  made usiü% 25 cos. o f  d is ­

t i l l e d  watdr, t h i s  determining the amdunt o f  copper in  

the reagent. The d ifferen ce  between the cdlume o f  h/ 10 

th iosu lphate  used in  the blank and that used in  the actu a l  

t e s t  i s  referred to in  Luff Bchborl* s Table and thé in v er t  

sugar détermihéd. S ince the copper rèâgent contain s

17 .5  g . o f  GuBÔ  per l i t r e s  the volume 6 f  H/lO th iosu lphate

used in the blank th e o r e t ic a l ly  should be ( .0 1 73 x  25) 
r) 1 ^ 4 9 7 ^ )

17.32 CCS.
(The mean o f  a number o f  blanks carried out a t  d if fe r e n t  

tim es was 17,35 ces» ) '
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LUFF BGHOOfeL* B TABLHr* 
Showing M illigfamh o f  ïhvert^-Bugâk.

êg.H/iO
Thiosu Ipha t e . Ho Suerose [ 1* 25 g . S .5 g;

0 .0 , 0 .00  mg*.

0 .4 1*40 1.00 mg. 0*60 mg.

0 .5 1.75 1.30 0 .9 0

1 .0 3.50 2.90 2 .50

2 .0 6 .55 5.90 5 .50

4 .0 12 .5 5 11.90 111.50

6 .0 18.60 : 18.00 17.50

vV:'a;o^ 24.70 24.10 23.50

" ld»o 30.85 30.25 29.75

12.0 37.10  [ 4 36.55 36.25

14. 0 V ■434 50'H:- / 42495 4 ^ 5 0

16.0 50»20 / 49 .65 49:. 15

5 g» o f  
Sucrose.

0 .15 mg.

0.45

2 . GO

5.00

1 1 » 0 0

17.00

23.00

29.05

35.30

41.70

48.30

Om the Internatiorial [Sugar Journal,\ Jan. 1937, p . 145. 

In ternational commission for unifofm methods o f  

Sugar Analyais)*
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Example: o f  Galou là  tiCii: -  In a blank t e s t  carr ied O ut 

the iod ine lib era ted  equalled 17*35 ccs* N/1Q th iosu lp h ate; 

in  a t e s t  using 5 g . Of Sugar the iodine lib era ted  equalled  

16*7 CCS* h/ 10 thibsulphate* Find the percentage o f  

in v er t  sugar*

Iodine consumed « (17*35 -  16.7} « 0.65 ccs* which 

from the Luff Sohoor1* S Table i s  seen to correspond to 0 .45

15 X 1 .55) r .915 mg. o f  in v er t. Fercehtage o f  in v er t  
15 )

sugar # (100915 x 1001 * .0183

This method estim ates tîîe^ in v er t  sugar by determining 

the amount c f  unreduced ooppéîr.

20qS04 > 9 ICI 3  f  i g  4̂  2% SO4

or io u  ; -4 1

V' For th is  reaction: to be complete the potassium iodide  

used DaSst be ten times, th a t  required th e o r e t ic a l ly .

( 0lbwes and Ob lemah, % uahtitativé Chemi0 à 1  Analÿ s  i s  p»191 

C hurchill, 1931.i ) The: amount o f  ICI so lu t io n  used in  

the Luff SchGor 1 /Method [ j u s t i f i é s  this*
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Os t* 8  Method*

T h e  copper reagènt i s  prepared as fo l lo w s : -  

250;^» and 100 g. KHOO3  i s  d isso lved  in

about 700 ml. o f  water in  a l i t r e  f la s k  by heating  

in  a m te r  bath to 7 6  •  80^ 0. oooleii and a so lu t io n  

co n tiih in g  26*7 g* o f  GuBÔ  i s  added to i t  in  small 

amounts: a t  a tim e, meant&ile ag ita ting*  I t  i s  

next made to mark a t  the proper temperature j w e ll  

shaken, and passed through a hardened f i l t e r  paper. 

T his i s  Called the normal so lu t io n . A f i f t h  normal 

so lu t io n  i s  prèparèd from th is  * which serves  for  

the examination o f  r e f ihèd products* by mixing  

one volume o f  the normal. so lu t io n  %rith[ifour o f  

a so lu t io n  cohtainingf 250/g) o f  Kĝ OGç and 1 0 0  g»:

Of EEGOg per l i t r e * , This i s  more s e n s i t iv e  than 

so lu t io n s  o f  higher Copper content and attacks  

sucrose less*
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Procedure. Os t* s liëthod*

In the de termination o f  in ver t  sugar in  viii te  sugars

75 CCS* o f  H/5 so lu t io h  la  mixed with 50 ccs . o f  an aqueous

so iu t id h  cbntaihing 10 grams o f  the sample o f  white sugar 

in  a 250 cos. sp h er ica l f la sk  and heated in  a v igorously  

b o il in g  water for ex a c t ly  15 minutes, a f t e r  which i t  i s  

f i l t e r e d  on et Gooch cru c ib le  covered with a sb e s to s ,  under 

vacuum, the cuprous oxide removed to the f i l t e r  by hot  

water» and thoroughly washed by hot water ; next i t  i s  

d isso lved  in  70 ccs* o f  adid f e r r ic  sulphate {50 g . o f  

f e r r ic  su lphate and 200 g* o f  per l i t r e )  , the f i l t r a t e

being received in  anbther clean f la s k  together with washings; 

the fefrO us iron  produced i s  It i t r a  ted with 0*5 per cent  

El&iO: ( th is  dohoentratidn o f  lOahOA i s  chosen, so that one 

ml* o f  i t  equals 10 mg* o f  copper for | 5 x  • 0063571 

equals *01004 g*) :Using a microburette » which reads the 

volume to one f i f t i e t h  o f  a cc. The fbllbw ing reaction s  

take p lace: -  OO 4 .approximately (6 CuG->30ug0]̂

(&)OugO e F & FegSO^)^ ♦ h^O^ s / 2 : #  SO4  f  2 OUSO4 » Ĥ O

(3)10 FeB04 f  2 # n 0 4  4- B S Feg(S;04)ÿ * % 004 ♦ 2MnB04

♦ 8%0 '■
(Schwartg Method)./ This method i s  known to g ive  accurate , 

r e s u l t s  -A ile  being l e s s  tedious than the gravim etric  

method. The percentage o f  in v er t  sugar i s  found from the 

w eight o f  in v er t  sugar fbrmèd from Ost* s Table#
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TàBLB fo r  N/5 SOLUTION ♦

Invert Sugar* Gu. Invert Sugar. Gu. Invert Sugar,► Gu

1 mg....... . 9 . 0 mg é
■■■ % 
8 mg. : 28,0mg. 15 mg. 45.3  mg

2 11 .8
. .  ̂ , , 

9 30.6 16 47 .6

3 14 .6 10 33.1 17 49.9

4 17 .4 11 35 .6 18 5 2 .1 .

5 20 .1 12 38.1 19 54.3

6 22 .8 13 40 .5 20 56 .5

7 25 .4 14 ' j 42.9 21

(Z oitso lhrift  dor Vereips der Detitaoher Zuokerindustrie, 1919) 

No. 765 p. 403  ̂ M 3 ) .

The normal so lu t io n  oontalns .004 g . of On per oo. The 

N/5 so lu t io n  oontaihs *0008 g# of Gu per oo. The sugar 

so lu tio n  prepared fo r  a n a ly s is  should oontain l e s s  than 21 mg. 

of in v er t  s sugar .
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EXAMPLE OF- CALCULATION, 1 .94  opsi of >95 x .5  per dent

KMnÔ  was found equivalent to  the ferrous iron produced 

hy d is so lv in g  the p rec ip ita ted  cuprous oxide in  acid  

f e r r ic  su lphate . Find the percentage of Invert  

sugar.

1 .94  C C S .  of .96 X .5  per c e n t  KMnp̂

# 1 .84 co s . of .5^ KMn0 4  

# 1 8 . 4  mg. of popper.

from 0s t ' s Table th is  corresponds to  (4 » 10 » 4.45mg) 

of in v er t  sugar. ■ . '

Percentage of Invert Sugar » .00445 x  100 ± 0 .0445.
 ̂ :C- . ; 1 0 ^

For 0st;^8 method a blank t e s t  ought t o  be 

carried  out using 25 pcs♦ of d is t i l l e d  water. Such 

t e s t s  were carried  out and always l e s s  than 0.Û5 oo. 

of permanganate was required. The corredtion was 

ignored mmz#. bi&nk determinations no

permanganate was found necessary.
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T e s t  on White sugar cohtaining known amounts o f  

Invert Sugar * using **Fif th Normal* Os t* s Solu tion :

10 gms# cr y s ta l  sugar(best grade)used in  each t e s t  

and in ver t  sugar so lu t io n  added in  q u a n tit ie s  

correspdnding to the under^noted m illigram sé

Milligrams- s: ypcsW"-.'; borracted jlquivalent MilligraRiS;
Invert ' ' y : f  f d t  'C  ■ M illigram s from Ost* 8

'Sugar. - ■ /'Required Blank Odpper. Table.

2. 26 2 .11 21 .1 20.1

5 ' 2$ 17 L'::'; ■ &.0È - y.' 20 .2 20.1

"lo : \ 1 ""5* âor. ' y 3.35 33 .5 33.1

e'GaiooA-cf 6 3 6.» ̂ ' ’ 30486 6 6 ( ^666G33§3, . , 33.1

v': 4 .7 0  ■- ';::"’4*.55' t/; 45 .5 45 .3

15' 4 .71 r:' 4.56. 45 .6 45 .3

■ so 5 .50 55.0 56.5

20 5.6Ÿ , 5 .52 5 5 .2  .
n #0iiir#.,,rmiiiii t i l  iimii inwiw.jiwiii wi't.i — ■

56 .5

ir icro-burette  used Blank r 0*15 cc*

The above résu lta  show s l i g h t  d ev ia tio n s  

from those g iven  by Ost. In general the agreement 

is .g o o d . : :
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i i t B É ; ; ô r  M  PERÂA'mmATE' m  ; - g.

Low r e s u lt s  are due to  re -ô x îd a tio n  o f- 

the ferrous su lphate whën the cuprous oxide  

i s  d isso lved  in  a mixture of: f e r r ic  sulphate and 

su lphurio  a c id . If: the CU2 p' i s  f i r s t  d isso  Ived 

-in f e r r ic  su lphate or f e r r ic  alum s o lu t io n ,  and 

the aulphuric acid i s  hot ^dded u n t i l  immediately 

before the t i t r a t io n  with permanganate correct  

r e su lts  are abtained* - . ' ,

Schoofl, and Regenbogent %

Z.. v er . deut. Zucktrindi. 67 . 663. (1917)

' Bruhhsify Gontr.; #^  1018. (1930)

Éicl^^ Z;: Zpckerihd

yH n . /  -y-■ ' ' " t J!. .1 •! V .



189.

■ , . . ' . y  ' METHOD, y  -

T h i s  i s  a  y p l u i n e t r i c  ..method u s i n g  m e t h y l e n e  b l u e  

a s  i n t e r n a l  i n d i c a t o r « F o r  l a r g e r  p e r c e n t a g e  o f  i n v e r t  

s u g a r  SohxletV 'B m o d i f i c a t i o n  o f  F e h l i n g *  s s o l u t i o n  i s  

u s e d  as; t h e  c o p p e r  r e a g e n t ,  b u t  f o r  t h e  e s t i m a t i o n  o f  

s m a l l  p r o p o r t i o n s  o f  i n v e r t  s u g a r  I n  p r e s e n c e  o f  l a r g e  

.am ounts  o f  s u c r o s e , a  s p e c i a l  c o p p e r  r e a g e n t  named 

S 6 1 M  p r e p a r e d  c o n t a i n i n g  p o t a s s i u m  f e r r o c y a n i d e *

, . (1 )  1 7 3 ;g *  o f  R o c h e l l e  s a l t , :  40 g« o f  NaOH a r e  

d i s s o l v e d  i n  w a t e r  a l s o  14*647 g* K^Fe (GH)^ d i s s o l v e d  

i n , d i s t i l l e d  w a t e r  t h e  two s o l u t i o n s  made up t o  250 c o s * , ,  

a f t e r  m ix in g *  y . -

;> y : - 'y (2 j^ -1 7 ; .% 5  g* o f  Gu80^ . 5HgO made t o  250 c o s .

( 3 )  10.0: ;g:* o f  NaOl made t o  '500 ccs*  ( 5H s o l u t i o n ) *  

y  E q u a l  v o lu m e s  o f  ( i )  a n d  (2 )  i s  known a s  ' 'L*F»S* .

s o l u t i o n ” . F o r  p u r p o s e s  o f  d e t e r m i n a t i o n  o f  s m a l l  

p e r c e n t a g e s  o f  i n v e r t  s u g a r ,  e q u a l  v o lu m e s  o f  L*F.S*  and  

s o l u t i o n -  (-3) a r e y m i x e d j  t h i s  i s  known a s  t h e  ”e x t r a  a l k a l i n e  

L*,F.*S,” 1 cc  * o f  w h i c h  e q u a l s  ,0 0 2 5  g . o f  i n v e r t  s u g a r .

The s o l u t i o n  i s  s t a n d a r d i z e d  a g a i n s t  s t a n d a r d  i n v e r t  

s u g a r  s o l u t i o n .  ; .

-,
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j.

AFPAHATOS,

The apparatus c o n s is ts  of tubes 15 0 mm, long,

38 mm# in  diameter, provided with f l o a t s  of the same 

form which make a s l id in g  f i t  in  the other tubes#

Ihe ends of the f lo a t s  are drawn out to  a taper making 

the t o ta l  length  170 oos# The water bath i s  an 

ordinary c y l in d r ic a l  pot of three ga llons capacity  

and i s  f i i l e d  with wster to  w ith in  6 c#m# of th e

The t s  ban be f i t t ë d in  and looked to  a 

rack which can r e s t  bn the pot,

FROGBPmË. ■

A twenty pef cent or th ir ty  per cent so lu tio n  

of the sugar to  be examined i s  prepared, the  

concentration chosen being according to  the in v er t  

sugar.concentration  p resen t. Gradually in creasin g  

volumes o f  t h i s  so lu t io n  are plhced in  adjacent tubes 

in  the rack, the volumes d if fe r in g  by equal increments 

A d e f in ite  volume of the extra a lk a lin e  L.F.S# (1 or S 

ml# according to  the concentration of the in vert sugar 

present) i s  added to each tube together with two drops 

of a ten per c e n t ,so lu t io n  of methylene blue which 

serves as in d ic a to r .  The tubes are w e ll  shaken to  mix 

the contents#
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The f lo a t s  ar© placed in  p o s it io n ,  pushed down and 

allowed to  r i s e  by buoyancy, the purpose being to  

elim inate  a ir  bubbles# The tubes are then looked to  

the rack and the rack placed in  the b o i l in g  pot for  

e x a c t ly  f iv e  or ten minutes depending on the concentration  

of in v er t  sugar p resen t, at the end of which time the 

rack i s  taken but of the bath and the colours observed#

The correct volume of the sugar so lu t io n  which reduces 

cpmpletely th e  volume of the L,P#8. ^nder the given  

conditions w i l l  l i e  between the volume of the la s t  sugar 

so lu tio n  which appears blue a fter  the t e s t  and the volume 

of the f i r s  ti? su gar so lu tio n  which w i l l  be co lo u r less  at  

the end of the testV  If? the  l im it s  were not found in  

the f i r s t  t e s t ,  a second t e s t  should be done. In 

subsequent t e s t s  the in te r v a ls  w i l l  be lessen ed  between 

the found l im it s  and so on u n t i l  the required volume 

of the sugar so lu t io n  i s  determined down to  a tenth  of a 

ml#

R esults  are found from a Table given by the 

author of the method#

The potassium ferrqcyanide makes the L.F#S# exceedingly  

s e n s i t iv e ;  i t  i s  to  be present in  the q u an tita tive  amount 

required# I t  rea cts  with the cuprous oxide as i t  i s  

formed, thus removing the red co lora tion  that tends  ̂ .
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A
to  mask th© end p o in t of th e  reaction  as in d ica ted  by 

methylene blue# The end point i s  shown by the sudden 

d is appear©no© of the blue colour#

S q u g O  ♦  K4  F© (G N > 6  ♦ BHgO m GU4 F 0  ( G F ) g  4K 0H  

(The In tern ation a l Sugar Journal, June, 1938#)

BXAMFLE, . '

With a twenty per cen t, so lu tio n  of sugar, lac  

of extra ••alkaline h.F# S #, the volume of so lu tio n s  used 

in  t e s t  (1) were 15 i^# 80 iml# 86 m.l# 30 ml# After  

f iv e  minutes o f  heating f i r s t  was blue and other 

co lou r less#  In a becond t e s t  volumes of the so lu tio n  

used were IB ml# 17 ml# 18 m#l 19 ml, under the same 

con d ition s  as before; a f te r  f iv e  minutes of heating ,  

the f i r s t  two tubes were b lue, l a s t  two tubes were 

co lour less#  In a th ird  t e s t  the volumes of the same 

sugar so lu t io n  used were 17#1, 17#3, 17#% and 1 7 .7 .  ml# 

under the same conditions and i t  was found th at the f i r s t  

tube showed a trace of blue while others were a l l  

co lour less#  *

The required vcûam© was taken equal to  17 .1  t  17#3

a 17,2  ml.

Prom Main’a Table th is  n?aa found to  oorreapond to

0.Q363 per cen t, of in v er t  auger.
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PART OF MâïW»S TÀBIB,.

Sucrose Grams per L itr e 20 30

L# F# S . Fxtrb A lk a lin e . iSQS • 1 i -  :
Time o f  heating (Minutes) 5 10 /'-.j

CCS* o f  Boiu'tiok 
required for  

_ reduction#‘ "’'1

Invert
Çügâx
,0265

' : ■ ■ ' - :
Invert i 
Sugar 

.0085 ;

. .0251 .0071

( j... 17 V  ' . . o à ê B .0060
' ..''v^i&v' - .0208 . 0052

■' '--■ ' . 19'"%'̂ '' . .0191 .0045
/ ; V \  : V . .0177 .004 ,.

: -Si'"' , . .0166 .0035

.......- ' " V - 22 .0158 .0031

. 0151 .0088

7 "84%' : '

------
.0145 .0025

. 0139 * •

; , /  8% . .0133 .002 .

27 . .0128 M> ■ 'V"

• 2ë ; .0123 #0015

 ̂ ' ' /  SO" ■'■.0l4-4..:.. .001

■' . ■, - .V ' 32 \ .0105
. « .... !.. i«r ..

. V  ■ V-

. 0094

(Ff.oKL fâie In ternationa l êyigaf Journal, June 1932).
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N om s;m  miM»B pot i m m o v t .

The use o f  a b o il in g  watèr bath as a source of  

h eat i s  not new* I t  was proposed. many years ago 

by Reischauer and Kruds? (Oest Ungar E eits  ch '

.^Uokerind 18, p*854) who used a fixed  vbiume o f  

“sugar so lu tio n  and increasing  volumes o f Fehling* S' 

so lu t io n  and immersed the rea ctio n  tubes in  a bath 

o f  b o i l in g  water for 80 minutes ( see Browne*s‘P " 

**Eandbook of Sugar Ana lysis** ( 1918) p. 398, where : i t  

i s  remarked th a t fthe^ large amount o f  labour and time 

neQessary for- cpmpleting à determ inâtion has been^■ 

however, a b er lou s , ob stac le  a g a in s t  the general use . 

o f  the method; **) %%%' " ,

, , b u t  used

i n c r e a s i n g  volum e o f ,I b h l i n g  s o l u t i o n *  T h is  m eth o d “ 

Wa&''\itÉ#bd.byV M a in -b u t .%t tos found t h a f  th e  baqk^ - ; 

o x i d a t i o n  o f  th e  cu p r o u s  o x id e  and the, m e th y le n e  

b lu e  i n d i c a t o r  made; th e  .end:«point ;u n c e r ta in *  A f t e r

a number o f  e x p e r i m e n t s , f l o a t s  w ere  ^dbvised  vtx ieh  ' 

s im p ly  b l i t  e f f e c t iv e ly " -  e x c lu d e d  th e  a x i  from th e  

s o l u t i o n  d u r in g  h e a t i n g .  The e n d - p o i n t s  w er e  now  

v e r y  d e f i n i t e *  ,

n h e s e  t u b e s  s h o u ld  b e  o f  n e a r l y  th e  sam.e w e ig h t  

and s i s î e ,  and a s  t h i n  a s  p r a c t i o a b l e *  s i n c e  t h i n  

g l a s s  a l l o w s  o f  more r a p id  h e a t i n g  o f  t h e  l iq u id #

Those used  i n  t h i s  worlc w ere  made o f  p y r e x  g l a s s .

The f l o a t s  a r e  s i m i l a r  t u b e s  m aking a  s l i d i n g  f i t

'.:V.



I n  t h e  r e a c t i o n  tu b es*  f  ■

POT œTHÜLi- Btam&rd is e t io n  -o f  the L;F;B#

extra a lk a l in e  solution#

3 6 .b , 37, 37*5, 3S, 38 .5  mle# o f  Standard in v er t-  

Sugar S o lu tion  containing 0^025 gms; **in v er t  sugar.** /  

io o  mis# ,were added to each o f  5 tubes, 4 ml. o f  the 

extra a lk a lin e  L^F.S. s o lu t io n  added and then two 

drops: o f  a, 1 per cen t methylene blue so lu t io n ,  the 

f lo a t s  in serted  and the tubes immersed in the b o i l in g  

bath for exactly  f iv e  minutés# i t  was found th at  

38 mis * and lower were a t i l l  blue . while the 38 .5  ml# 

was discoloured,% On further experiment -

8 8 .3

s . , > were employed and i t  was found t h a t  38*3 mis 

were l u s t  r e g i u i r e d  f o r  com plété  d isc o lo u r a t io n *

:v On repeating -this" range the r e s u l t  obtained  

38.2::' ml,-''bO: the mean 33*25 m is# was taken  

as the required ;amouht o f  Standard Invert Sugar S o lu tio n  

, required for complete reduction# - This g iv es  a normal- 

i t y  0 f - 38*2 « 1.0333 fok  the l . F . S .  l .e *  -

1.0338: x: 30;r 4  %ere: X » amount o f  L.F.B*
X ^ ' 4  - V . fé^ tfa  a lfca lih e  s o l u t i o n  r e -

1 .03 38  quired  to  g iv e  a standard  
= 3#S m is . solution*

In order to t e s t  th is  normality figu re  36.9 37.0

and 37.1  mis# o f  the Standard Invert Sugar S o lu tion  

contain ing 0.020 gms./iOO ml# were placed in  each o f  

three tubes 'and the experiment carried  out as before  

except th a t 3;S7 mis# of Fehling*s extra  a lk a lin e  L.F.S.,
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sd iu t io n  were -adddoand  the tube immersed. in the 

b o il in g  water for ex a c tly  f iv e  minutes# I t  was 

found, that 37.0  m is. were ju st  s u f f i c ie n t  to cause 

d e c o io r lsa t io n , and th is  figure i s  in agreement 

with the required amount o f  Standard Invert Sugar 

S o lu tio n  required.
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i . w ith sugar p u r if ied  by e r y e t a l l i s in g  out from 

an aquebus so lu t io n  by add ition  o f  absolute  

alcbhbl. A super-saturated so lu t io n  o f  the 

purest siYailable dane sugar was prepared and f i l t e r e d î 

s p e c ia l ly  p u r if ied  absolute a lcohol 'was added and the ’ 

sugar that separated spun o f f  in  a centrifugal*  A  

portion  o f  th is  was dried in  the a ir  and then in  a .
■V . O - ,

yacdtm qyen a t  a temperature o f  40 0. and was la b e lled  

!*sugar p u r if ied  by s in g le  p r e c ip ita t io n  with alcohol.** 

The other .portion was again d isso lved  in  vrater, pre­

c ip ita te d  in  the same, way as  Tbefore# spun o f f  in  a 

c e n tr ifu g a i ,  a ir  dried arid dried t in a l ly  in a vacuum 

oven a t  /40°q. for two h ou rs., Sugar p u r if ied  by 

double p r é c ip ita t io h  with àlcohql should contain no 

Invert sugar: sucrose prepared in  the above vmy i s

used for standardizing saccharim eter©.

The methods for p u r if ic a t io n  o f  the a lcohol  

and sucrose are herd given in  d e t a i l : -
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' HmPâHâTIOH OF PUm SnOROSF. 

PREPARATION OF ALCOHOL? The a lcoh o l used for the 

p r é c ip ita t io n  o f  pure sugar should be h igh ly  

p u rif ied  with respect to acids or aldehydes.

I t  i s  not e s s e n t ia l  that i t  be dry or free from 

other members o f  the a lcoho l group. The method 

o f  p u r if ic a t io n  here described meets these r e ­

quirements.

D isso lve  1.5  gms, o f  s i lv e r  n i t r a te  in  3 cos* 

/of water, -add; to a l i t r e  o f  95^ a lco h o l in  a g la s s  

.stoppered cy linder ;and shalce.

D isso lve  3 gnis. o f  potassium hjrdroxide in  

10 ccs-^ofjm rm  alcohol and a f te r  coo lin g  pour 

a lb w ly . in to the à lc o h o lic  s i lv e r  n i t r a te  so lu t io n .  

Do not shake. ' Allow to stand overnight.

8 iphon 0  f f  and d i s t i l .  ,
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PURIFIOATIOR OF SUGAR; Prepare, a saturated  

s o lu t io n  o f  sugar in  d i s t i l l e d  w ater, never 

allow in g  the temperature to exceed 60^0. F i l t e r  

through a s in tered  g la s s  funnel or, a sb estos  under 

vacuum. The so lu t io n  should be b r i l l i a n t l y  clear< 

Keep in  a bath a t  60*̂ G and add enough of the 

prepared and wormed a lcohol to p r e c ip i ta te  the 

bulk o f  the sugar. F i l t e r  through a l i n t l e s s  

and thoroughly washed p iece o f  l in e n  in  a Buchner 

funnel. Never l e t  so lu tio n s  touch m etal, paper, 

or be contaminated by; dust. Keep a l l  v e s s e ls  

covered. . Wash c r y s ta ls  with a l i t t l e  warmed 

p rep ared .a lcoh o l, then again d is s o lv e  in  d i s t i l l e d  

water a t  60°G. making a sa tu r a te d ,so ln . pre­

c ip i ta t in g  and then f i l t e r i n g  through the re ­

washed l in e n  as before:.

Dry crystals, a t  not over 40^0. in  d u st-free  

a i r ,  then reduce to a moderately f in e  powder: do

not screen , and dry in  a layer not more than 

th ick  over fre sh ly  burned lim e, p referab ly  in  a 

vacuum. Keep in  a large weighing b o t t le  and 

determine amounts taken by d ifferen ce  in  w ts. o f  

b o t t le .

Determine moisture in  a sample by drying four 

hours a t  70^0 in  â vacuum* Gorreot w eight of  

portions taken for the moisture contained.
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The o r ig in a l  sugar and the two p u r if ied  

samples; werë tested  by the fo llow ing  methods

■ METHOD ■ ;
ORIGINAL

SUGAR.

P urified  by 
SINGLE IP- 

ITATION BY 
ALOOHOL.

P u rif ied  by 
DOUBLE PR33CIP- 

ITATION BY ’
, m om oL .

1. Sa11lard .000 iOGO

2. Ofner .011 . 0015 .000
; B er lin  

3. I h s t i tu te . 026 .019 ; .003
L uff  

4* Sohoor1 .001 .0000

5# Os t .000 .0000

6. Mhin - .0005

Thé r e s u lt s  for the sugar p u r if ied  by s in g le  

p r é c ip ita t io h  by alcdhpl are high; th is  may be due 

to tra ces  o f  a lcoho l s t i l l  presén t in  the sugar 

which exert reducing a c t io n s  oh the copper reagent.

2. With White Sugar. The percentage o f  in v er t  

sugar was determined in  a number o f  samples o f  white 

sugars by the f iv e  methods o f  Ofner, B er lin  I n s t i tu t e ,  

L uff Bchoorl, Ost and Main. The r e s u lt s  are shown in  

the fo llow ing  Table. R esults  by De Whalley* a method, 

described l a t e r ,  are included for comparison.
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GOMBMÏSDM. Ol!’ IffiTHODS EOR ESÏÎElRMimTIGN OP

RSPUCIÎJG SUGARS)
LUPF- mOST

0 0 7 010 0 0 4 0 0 6

0 0 5 0 0 6002

0 0 5 0 0 60 0 8002

0 0 3 0 0 6002 005020

0 0 40 1 3 0 0 50 0 3

0 0 50 0 50 1 3QOg0 1 9

0 0 4

015

0 5 60 3 3

0 1 5 0 0 9 0 2 80 3 9

0 4 50 4 8018

002 0010 1 5 0 0 3 0 0 8

; ... . The sugars analysed/represented .direct

sugars,, refined  cahe sugars', and o arbonat at ion . he et

cesS

sugars



3* Tësta carried ou with Solu tions o f Invert BÙRâr

PREPARATION OP gmmARD INVERT SOTOTION:- 9 .5  g, o f

pure Bucroee i s  d isso lved  in  about 75 cos. o f vmter

in  a ipo cas. f la sk  arid 5 oc. o f  HGl o f  1.19 s p e c i f i c

g ra v ity  ia  added and the flask, allowed to stand for
0one week a t  14 * 15 0. I t  ia  then transferred

w ith rinérihgs. to a l i t r e  flask» made to , volume and
( 100 )

stored . S o lu tion  contains (9*5 x  95) or 10 grams 

o f  in ver t  sugar per l i t r e .  I t  keeps for months 

without change.

. In a s é r ie s  o f  te s ts '  neutral in ver t  sugar 

s 0 lu tioh s  o f  d i f f éreh t oonoentratiôhs were used, 

the in ver t  sugar in  50 ocs. being determined by 

the f iv e  methods. Pôr example, to prepare an

in v er t  sUgar so lu t io n  which eonta ins 25 mg. o f  in ­

vert, in  50 q ô s . :50 qcs. o f  the stock  so lu t io n  was 

taken, n eu tra lised  with ten  per cent c a u s t ic  Soda 

using litmus as ind icatbr and d ilu ted  to one l i t r e .  

50 CCS. o f  th is  .solution  were used for the t e s t  

except in  the case o f  h u ff  Schoorl^s method where 

25 CCS. were used.



.204-

KBSULTS

mg# o f  Invert Ofner. B er lin Luff Ost- 'Main -j
Per 50 mi:# I n s t i t u t e . , 8 oho or 1#

" '■ '5 5.45 4*5 4.55 3 .9 4.94

10*95 10# 0 9.42 7.25 9.93

i s  #5 15# 6 12.55 11.57 10 i 28 12a38 -

; 16 16.25 15.05 13.7 11 .92 15.0 :

go 21#0 20.08 18.8 16.35 20.06

26 26 #55 25.32 23.53 21.14 25.08 ^

AVer age. 
14# 58 16 A 58 14.57 13.60 11.80 14.57

—  ' - --------j _______________ J

■ Average- o f  the Üëterm ination by . d i f fe r e n t  

method's for each boncehtratiQh.

Mg. o f  Invert  
.; per 50 ml;

: Average

-■4.67

___ - i : .  ■ 10 _  ■

\ 12 . 5

15 ■ : I ■

____ ■ 9 .5 1  ___

, - à 2 i o i - y  '__

14 .3 8

20 19.25

25 24.3
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4o B18GüBBION OP RESULTS:- Prom the experiments 

done with sugar p u r if ied  by double p r e c ip ita t io n  

by a lc o h o l ,  assuming that the sugar was f in a l ly  

free  from Invert sugar, i t  i s  seen that in  a l l  

the methods.the copper reduced by the a c t io n  o f  

sucrose on the reagent has agreed.■well with what 

had been allowed for th e  resp ec tiv e  methods, ex­

cept, in  the case o f  B er lin  I n s t i tu te  Method where 

the reducing a c t io n  o f  iO g . o f  sucrose  has been 

found higher than the eq u iva len t o f  2 .0  ml, o f  

ihd ine (what i s  allbwëd) by @.3 ml.

OPNER»S? AND BERLIN IHSTITUTE METHODS: R esu lts

fpr thë: sUgare by the Ofher*^s and B e r l in

I h s t i t u t e , Me thod S; are; f a  i l l y  comparable, tho ugh 

in  any p artiod lar  casé the r e s u lt  recorded for 

the B e r l in  Ins t i t  u te  Mb the d i s  h igher than that 

for Ofner* s  Method. In the case o f  in vert sugar 

s o lu t io n s ,  the opposite i s  t r u e , hut in  th is  case  

i t  must be noted th a t  the concentration  o f  in v er t  

is. higher* However, in  the case o f  B er lin  

I n s t i tu te  Method, the r e su lts  obtained for in v er t  

sugar so lu t io n  are in  c lo se  agreement w ith the 

actu a l v a lu e s ,  which i s  evldbhce in  favour o f  the 

accuracy o f  the method. I t  must be observed that  

the concentration  o f  in ver t  sugar ih  the in v er t  sugar



s o l u t i o n s  u s e d  a r e  h i g h e r  t h a n  i n  t h e  s o l u t i o n s  

o f  w h i t e  s u g a r s .

F o r  t h e  i n v e r t  s u g a r  s o l u t i o n s , ' r e s u l t s  by 

O f n e r ' s  M ethod  a r e  h i g h e r  t h a n  t h o s e  o f  M a in ’ s 

and  B e r l i n  I n s t i t u t e ’ s by 1 mg,

.The a c c u r a c y  o f  t h e  two m e th o d s  a p p e a r s  

a b o u t  e q u a l .

F o r  e a c h  m e th o d ,  i f  t h e  s u g a r  i s  w e i g h e d  

a c c u r a t e l y  and  v o lu m e s  m e a s u r e d  t o  0 , 1  m l ,  c o n ­

c o r d a n t  r e s u l t s  can  be o b t a i n e d  f o r  t h e  same s u g a r  

t o  ,0 0 1  p e r  c e n t . I n  many d u p l i c a t e  d e t e r m i n a t i o n s ,  

t h i s  h a s  b e e n  f o u n d  t o  be t r u e ,

: : COMPARISON WiTH QTHSR MHÎTHÔBS '

LUFF SCEOORL ImTHOD : . .

The L u f f  8 c hoo r 1 Me t h o d  i s  n o t  a s  a c c u r a t e  a s  

t h e ,  two p r e c e d i n g  m e th o d s  f o r  t h e  f o l l o w i n g  r e a s o n s :™

1 ,  I n v e r t  : S u g a r  i s  d e t e r m i n e d  i n  h a l f  a s  

much t h e  q u a n t i t y / o f  s u g a r  a s  i n  o t h e r

: m e th o d s  :( 5 g r .  ) *

2 ,  / R e s u l t  i s ,  f o u n d  f ro m  t i t r a t i o n  u s i n g

N /1 0  t h i o s u l p h a t e , w h e r e a s  i n  t h e  ab o v e  

two m e th o d s  a n s w e r s  a r e  c a l c u l a t e d  f ro m  

r e a d i n g s  i n  t e r m s  o f  N /3 0  s o l u t i o n s ,

3 ,  The m e th o d  d o e s  n o t  d e t e r m i n e  t h e  r e d u c e d  

c o p p e r  d i r e c t l y  b u t  by t h e  d i f f e r e n c e  o f  

two e s t i m a t i o n s ,  one t h e  t o t a l  c o p p e r  and
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the other the unreduced copper and there­

fo r e ,  the r e s u l t  w i l l  contain  the errors 

o f  "both estim ation s .

The range o f  in vert sugq.r determ ination i s  

wider in  th is  method; the method was p r in c ip a lly  

designed for estim ation  o f  la r g e r ’.'quantities o f  

Invert sugar. Invert sugar can he estim ated by 

the method to. 0 .03 per cent.

With the Luff Schoorl Method, the r e su lts  

found for the white sugars are not concordant.

Tlie amount o f  Invert Sugar in  white sugar corres­

ponds to . l e s s  than 0 .5  ml. ..of the th iosu lphate  

so lu t io n ,  hence the d i f f ic u l ty ^ b f  obtaining accuracy. 

08T*8 MSTHOP;

In Ost* s Method, à m iroo-burette was used for  

the t i t r a t io n s .  The permanganate method o f  a s ­

cer ta in in g  the copper (Bertrand*s Method) has 

been c r i t i c i s e d  in  that some o f  the ferrous sulphate  

w i l l  be retained by the a sb esto s . N eglecting  

t h i s ,  in ver t  sugar can be determined to .002 per 

cent* I t  i s  p o ss ib le  to obtain concordant r e su lt s  

by th is  method.



I t  must be pointed put that so lu t io n s  which 

cbhtain a cer ta in  quantity o f  in vert sugar plus à 

large  quantity  o f  sucrose d i f f e r  from so lu t io n s  

which contain a cer ta in  quantity o f  in vert sugar 

with an equal quantity o f  sucrose, because the 

g rea ter  v i s c o s i t y  due to the excess sucrose in  

the f i r s t  case w i l l  in ter fer e  with the formation o f  

cuprous oxide#

Results, g iven  for in vert sugar so lu tio n s  with  

Ost*8 Method have been found from Ost* s Table.

They are lower than the q u an tit ies  o f in vert sugar 

known to be  ̂present in  the so lu t io n s .  I f  i t  be

assumed , that s i x  grbups; o f  OuO are reduced per in vert
c # 6 u p  -Civ,. ;■
a% r e su lts  ca leu la  ted with the aid o f  th is

'assumption agree more- o ip se ly  with the actual  

ValLie8 as shown be 1 owi- ' .

mg. o f  in ver t  •
' présent per 

V50 ml. V .

. R eéü lt fpund; 
"from Os:t* s 

Table.

R esu lt by the 
above assump­
t io n .

r ' ' '
4.64  mg#

CIO 9.35

C\ 12.5 10.28 13;b

15 ■' 11.92 14.96

20 16.55 19.8

25 21.14  ̂ 24.9
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OF THE OFHBH & BERLIN INSTITNEII JCSTHODS.

These two ioclimetric^ procedures have the 

f o i l  owing' d isadvantages:-

1#. They require thé use o f  severa l solutions' and 

the manipulation i s  too complicated for  

routine work. ,

2 . The coihurt/ o f  thé c oppe r r  éagent / in  te r f  er e s 

with the starch  indicatorJchange: a t '  the  end- 

p o in t .   ̂  ̂; '

3* The correct  amount o f  sample•to hè taken 

fo r  an estim ation  i s  d i f f i c u l t  to gauges 

s in ce  there i s  no in d ic a tio n  u n t i l  the end 

o f the t e s t  a s \ to  whether or n ot too much 

Inv e r t  s u gar ; ha s: b ee n p r e s en t , " v

4# The a p p lic a t io n  o f ,s o  many correction s unduly 

com plicates’ the me thod s .

5* The n e c e s s ity  for maintenance o f  standard 

. iodine and th iosu lphate  so lu t io n s  i s  a 

great disadvantage;: the copper reagent

i t s e l f  does not keep very w e l l ,  requiring  

occasion a l blank t e s t s :  most potassium

iô:dldé contains some io d a te , which causes  

a fte r -b lu e in g .

6* Any increase  in  accuracy obtainable does 

not seem to j u s t i f y  the extra time and 

labour involved .
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' ïMs; method Is recognised to be exdeeclingly 

accu rate , determining the percentage o f  in vert  

sugar in  white sugara to .001 per cent. The method 

i s  employed by the London refiners*

The average r e s u l t s  for Luff Schoorl Method 

and Maints Method are ,of. the same order o f  magni­

tude. The in d iv id ual r e su lts  j however  ̂ do d i f f e r  

oonsiderabiy in  many cases . The r e s u lt s  shown 

for thé in v e r t  sugar so lu tio n s  by Main* s Method' 

c lo s e ly  agree with those o f  the B er lin  I n s t i tu te  

and the a c tu a l r e s u l t s .

The forego oompariodns have shown that the  

r e s u lt s  for white sugars- and in vert sugar so lu tio n s  

are not epmparat^le. This i s  because the con- 

0 en trât ion  o f  in vert éu^ar in,a. reaction  mixture 

cons i s  t in g  o f  white sugars i s  much l e s e  than in  a 

reactib h  mixture contain ing-the chosen concentration  

o f  in v er t  sugars*", ^

fu r th e r , ther,results for in vert sugar alone 

are in  c lo ser  agreement than those for white sugars. 

S im ila r ly , whenever the percentage o f  in ver t  sugar 

in  the sugar i s  higher the. r e la t iv e  d ifferen ce  o f  

the determination by the d if fe r e n t  methods i s  l e s s .  

These facts, show that as the quantity  o f  in vert sugar 

in cr ea se s , the r e su lt s  found by the d if fe r e n t  methods 

one another more c lo s e ly .



CÔEGLIJBIQhSg

The r e s u lt s  obtained by thé B er lin  I n s t i tu te  

Method are the h ig h e s t ,  the next h ig h est  being  

those by Ofner*s Method. ■

I t  can bé seen that as the precentage o f  in ­

vert sugar present in crea ses , the r e s u l t s  by the 

d if fe r e  n t me tho d s appr oa ch ea oh other mo re c lo se ly ,  

The time required for a s in g le  estim ation  by 

the d i f f e r e n t  methods

mTEOD : T 'sm m MimiTsis
Luff Schoorl* S IS

Ofner \  , . 20 '/

B er lin  In s t i tu te  ■  ̂ 2 0

: , • Maih"''., 2 0  to 60

 ̂ y These times assume that wâter baths e tc .  , 

are a l l  ready. With a. se r ie s  o f  t e s t s  I t  was 

found th a t .th e  time per. estim ation  was reduced 

considqrably but not equally  for a l l  methods. 

Ost* 8 Method Is probably thé qu ickest wher© many 

estirnations are necessary.
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The B er lin  In s t i tu te  Method and Ofner* s Method 

appear, to g ive  r e su lts  which are too high when 

the reducing sugar content o f  a white sugar i s  

below 0.010 per cent; i t  i e  s ig n i f i c a n t  th at the  

low est percentage obtained by e ith er  method was 

0.008 per cent.

On the 0  ther hand y the l u f f  Schoqrl Method 

and Main*s"Method seem to g ive  r e s u lt s  which are 

too low when the reducing sugar content i s  below 

0.010 per cent.

The methods; o f  Ost and De Whalley are apparehhly 

most s a t i s fa c to r y  a t  below 0.010 p er-cen t re­

ducing .sugars. De % alley* 8 method has the d is ­

advantage that O.̂ OSO per . cent o f  in v er t  sugar 

completely discharges the methylene blue colour  

and i t  i s  not p o ss ib le  to change the weight taken 

without a lte r in g  the whole procedure.

Above 0.010 per cent reducing sugars the 

r e s u lt s  by a l l  methods tend to come c lo se r  to ­

gether.

RE Q OM#) NDAT ICE g Taking a l l  con sid erations into

account the author would recommend the use o f  

e ith er  the. Ost or the Main Method for the e s t i ­

mation o f  small amounts o f  reducing sugars in  

white sugars*



M ethod '  f o r  t h é  Dé t e r m in â t io.n o f  I n v e r t  S u g a r  i n

- R e f i n e d  W h i te  S u g a r s .

§ .o lu t t o n s _ R e d ü i r e d â ^ -  

( 1 ) 0 . 2 0 / 3  'M e th y le n e  B lu e

( 2 ) 3E.RaOH ( 'b e tw e e n  2 . 9 0  & 3 ;  10 É

P e t  a i l s  , o f  Me t h o d  t ^  7 gms.  o f  g r o u n d  s u g a r  s a m p le  a r e

w e i g h e d  o u t  ( t o  w i t h i n  0 .0 5 ,  g m ; ) ,  p o u r e d ' i n t o  a  c l e a n

d r a i n e d  t e s t ^ t u h e  ( o f  9 . 4  t o  9 . 6  gms. w t . ) ,  and

t o  - i t  addedsH: , ■ p

: ( 6 CCS. d i s t i l l e d  w a t e r  -, 1 f r o m
( 1 CO. o f  . m e t h y l e n e  h id e : '  s o l u t i o n ) . m i c r o -  

' ( 1  cc  0 , p f / EaOH s o l u t i o n  ) b u r e t t e .

The m i x t u r e , s t o p p e r e d  by a  r u b b e r  b u n g ,  i s  s h a k e n

v i g o r o u s l y ,  f o r  , 15 s e c o n d s ,  c o r k  r e m o v e d , :■ a n d  t h e  t u b e

im m ersed  i n  a-:bb 11 i h g  w a t e r  b a t h  f o r  120 s e c o n d s .  I t  .

i s  t h e n  rem o v ed  and  o o i tp a re d  .w i th  s t  a n d a r d  t u b e s  :

5 s e c o n d s  o r  l e s s  i s t r e q u i r e d  t o  m a tc h  i t .  The g a s  i s

c o n t r o i l e d  b y }a  m a n o m e te r  ; " 3 .  5*’» 3*75" o f  w a t e r .
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S t a n d a r d  t u b e s s -  AjEmoniâcal c o p p e r  s o l u t i o n s .

B a s i s  ^ 19.'.5 gms. CuSO^ . i n  bo i l  ed  d i s t i l l e d  w a t e r

made t o  500 c c s ,  ' -

I n v e r t  _„S_tahdard_:^: CaBa e r i S a l u t i o a  - 8 8 _ ^ i o n i a _ c ç S i
. , ‘ : ■ :: GÇâi
o .d o i - ; 40.00 . 10

■ 0.002 24.60 . 10

; ", . 0.003 . 16.4,0 10

0.004 10.66 10

' .0,0.05 , 7.18 ■ 10

0,006 \  , : 4 ,9 2 . 10

■ ' ' 0,007 , 2.97 ' ............... 10

0,008... . . ... 2.26. ' ' 10 

' ' 0,009 . ' ■ ; 'i.,'74: . 10

. ,  0,010 : ; i .3 3  : ' - lo

0,015 ■ 0.50 , 10

E a c h ’made- t o  50 oo:s, w i t h i b o i l e d  d i s t i l l e d ,  w a t e r  and  

s e a l e d  i n  a  g l a s s  t u b e . . ' -, .

Ammonia 3 2 . 9 ^ .  iîïï^QH .by T i t r a t i o n ,
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DE MTËbb EOR REDUGIEG SUGARS
TE WHITE sugarV y : h - y ï  ̂  ̂ -

ggERimgT^;.^':^ (a), WHITE SUGARS:.- , , ; •

The w hite .sugars te s te d  by other methods of 

determining, reducing sugars were used for  th is  method.

The r e s u lt s  obtained are shown in the comparative tab le  , 

on page 20& ,

(b) WITĤ SODIUM GARBOEATE IE PLACE OP SODIUM HYDROXIDE.

Tests were made using I  cc, of a 3 Eormal so lu tion  

of sodium carbonate and 1 cc, of the usual methylene blue 

so lu tion s  other d e ta i l s  were as given for  the standard 

method, i ^ e , , 7 gms. sugar weighed, e tc .

No. : White
Sugar

Minu t e 8 
b o il in g

% Red 
Sugar

(1) ' •  ' e ‘. ■ 2 below .
(2 u 4 .0035
3 .4 .5 .004
4 U 5 V ■ : .004)

(5) r : .004)
(6) 1) Y : .005

7 10 w .007"
8 G 5 ' .005)

‘ (9 ti / 5 ■ : 1005)
(10) Pure

Sucrose 5 .0035
(11) ' It ' - • 5 . .0035

% Reducing 
Sugars upihg 
EaDH ' wi th  
2 minutes 
b p l l i n g j L ™  _

,0045

.0060

.0028

Remarks

I t  i s  apparent that  
the time of b o il in g  
when sodium .- 
carbonate i s  used 
as a lk a l i  in  th is  
method, must, be 
increased to 
5 minutes.
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( c )  EPPEGT OP TIME OP BOILIEGi-

U s i n g - t h e  s t a n d a r d  m e th o d  ( s o d iu m  h y d r o x i d e  a l l c a l i  ) 

t h e  t i m e  o f  b o i l i n g  was v a r i e d , .

Eo.

I

W h i te
Sugar. :_Bo i l  ing __Sugars

E
t l

t t

It

II

It

It

MinUt e s

1
1

. . ■ 2 .

2
2,5

3
3

% R ed .

. i

,0035 
,0030 
.0045 
.0045 
.0065 
,015 

C o l o u r l e s s

R e m a r k s ,  ,

T h e s e  r e s u l t s  show t h e  

n e c e s s i t y  f o r  a c c u r a t e  

t i m i n g  i n  t h i s  m e th o d .

( d )  IARIATIÛE_OP_WEIGHT_OP_SUUâR 

2  m i n u t e s t  b o i l i n g .  , -  - .

Eo. White, ,0ms.; t E q u i v a l e n t  t o
._Sugar_ _ _ tak en l_ ._L_8uggTS____ __8:tgndard_Ep_^___________

U ) .1 - .  0 0 2 i .  - ‘ 2
2 -, " ■ h: 2 . 002 ^ ■ y--- 2

(3) ' »' ■ ' 3 . 0 0 3 %..rv . ̂   ̂ “
(4) I t  ̂ . 3 ;  5 .003 ■ ' -3 "

( 5 II ■ : m ' ■ . 0 0 3 5 ) b e t w e e n  3
(6  , II ' % h r /  . . 0 0 3 5 )  : and  4
(7 ■ ■"■■•II .  , h; , . 0 0 5  ' 5
(8) . II , 0 . 0 5 ■■ ■, .

T h e s e  e x p e r i m e n t s '  show t h a t  t h e  w e i g h t  t a k e n  n e e d  

n o t  be w e i g h e d  v e r y  a c c u r a t e l y .  The p e r c e n t a g e s  shown 

a b o v e r h a v e  n o t  b e e n  c a l c u l a t e d  f ro m  t h e  w e i g h t  u s e d ,  b u t  

h a v e  b e e n  d e d u c e d  f r o m  t h e  e q u i v a l e n c e  w i t h  t h e  p r e p a r e d  

s t a n d a r d s .
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( e ) RECOVERY__ÔP DÊXTROSÉpADDED ÏO ■ WHITE SUGAR OP KEOWE 

REDÜGIEG SUGARS OOETEET, ' ^ _ , t

D e x t r o s e ,  c o n t a i n i n g  0 . 3 8  p e r  c e n t  o f  m o i s t u r e  was u s e d :  

1 , 0 0 4  gms,. w e r e  made up  t o  500 c c s .

Eo White
s u g a r  
g m s ,

Gms , ■
D e x t r o s e
a d d e d .

T o t a l
R e d u c i n g
S u g a r s
p r e s e n t

R e d u c i n g
S u g a r s
f o u n d .

R e m a r k s .

u!
1:1

5
61:1

•  001
•  002 
,0 0 3  
• 004 
.0 0 5  
.010

, 006 
• 007 
.008 
. 009 
,010  
.0 1 5

,0 0 5
.0 0 6
.0 0 7 5
.008
.0 0 9
.012

The r e c o v e r y  o f  

d e x t r o s e  i s  

s a t i s f a c t o r y  e x c e p t  

i n  E o • 6 t e s t ,  w h e re  

i t  i s  lo w .

( f )  VARÏAT.I0E OP IVlSTHYIEEE^BLUE.STREEGTHs

Eo

;
(4

I :

W h i te
S u g a r

Etl
II
It
It
It

M e t h y l e n e
B lu e

0 . 1  
0.1 
0 . 2  ;

0.2
0 . 4
0 , 4

CCS
M e t h y l e n e
B lu e

1
1;
1
1
1
1

fo R e d .  
S u g a r s

.0 0 4 5

.0 0 4 5
,0 0 5
,0 0 5
.0 0 5 5
.0 0 5 5

Rem arks

T h e s e  r e s u l t s  show 
t h a t  t h e r e  i s  
l i t t l e  d i f f e r e n c e  
p r o d u c e d  by 
a l t e r a t i o n  o f  t h e  
m e t h y l e n e  b l u e  
s t r e n g t h .



D e _ W h a l l e y \ s  M e th od f o r  Red u c i n g  S u g a r s .  

The_u8e_pf_the_Rhctpeleotric__Absprptipmeter^in_ 
o f  s t a n d a r d s .

The s t a n d a r d s  d e s c r i b e d  by De W h a l l e y  w e re  ex a m in e d  

i n  t h e  A b s o . r p t i o m e t e r ,  an d  a  c u r v e  c o n s t r u c t e d  f ro m  t h e  

r e s u l t s  o b t a i n e d . : . /

T h i s  c u r v e  r e q u i r e s  o n l y  oh ,0  s t a n d a r d  s o l u t i o n  t o  be 

a v a i l a b l e * w h e n  u s i n g  De W h a l l e y * s  m e th o d ,  ■

A m m o n ia c a l , c u p r i c  s u l p h a t e ,  s o l u t i o n s  h a v e  b e e n  e x a m in e d  

p h o t o e l e o t r i c a l l y  by, Yoe an d  0 r u m p l e r ., ( J , I  I G , , ■ A n a l .E d . ,  

Vol. 7. No. 4., (1935) j .

The r e a d i n g s  o b t a i n e d  by t h e  a u t h o r  a r e  shown b e lo w .

Ho.
Guprammonium 
s u l p h a t e  s o l u t i o n  
CCS. p e r  dpO c c s .

, S c a l e  
r e a d i n g s .

C o r r e s p o n d i n g  
R e d u c i n g  
s u g a r s  fo

1, 0 , 2 5  ) B etw een  3 , 0  &: ,0 3 0

2 , 0 , 5 0  ) <=>o ,0 1 5

3. 1 . 3 3 2 . 6 0 ,0 1 0

, 4 . 1 . 7 4 2 . 5 5 .0 0 9

5 . 2 . 2 6 2 . 4 0 ,0 0 8

■ 6 , 2 . 9 7 2 .2 7 .007

7 . 4 . 9 2 2 . 0 5 ,0 0 6

8 , 7 . 1 8 1 . 6 5 . .0 0 5

9 , 1 0 . 6 6 1 . 1 7 .0 0 4

10,- 1 6 . 4 0 0 .7 6 7 ,0 0 3

1 1 . 2 4 . 6 0 0 ,0 4 6 .002
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SUGARS.

D ISO US.S  I  OU' : »- i t  w o u ld  a p p e a r ' f r o m . t h e '  r e s u l t  s w i t h  

sod ru in  - c a r b p n à t e  i n  p l a c e  o f  so d iu m  h y d r o x i d e  t h a t  

t h i s  r e p l a c e m e n t  d o e s  n o t  a f f e c t  t h e  a c c u r a c y  o f  

t h e  m e th o d )  an d  a l l o w s  o f  m ore  l a t i t u d e  i n  r e g a r d  t o  

t i m e  o f  b o i l i n g .

The m a in  d e f e c t  o f  t h e  m e th o d  i s  i t s  l i m i t e d  

r a n g e s  m i n c e  0 , 0 2  p e r  c e n t  o f  r e d u c i n g  s u g a r s  

c o m p l e t e l y  d i s c h a r g e s  t h e  - b l u e  c o l o u r ^  t h e  t e s t  

a p p e a r s  t o  be t o o  d e l i c a t e  f o r  commer c i a l  u s e .  I t  

i s  à c c u r à t e Y  h o w ev e rs  w i t h i n  i t s  r a n g e .  The u s e . o f  

m e t h y l e n e  b l u e / i n  t h i s  m e th o d  i s ' an  ' i n t e r e s t i n g  

a p p l i c a t i o n  o f  an  o x i d a t i o n / r e d u c t i o n  i n d i c a t o r .

-DE-WHALLEY'5 M E T H O D  FOR R E DU CING  5 U G A R 5 -

-STAND ARD-C UP RAM M O N lU M -S U L PHATF /SOL UTIONS

- C O L O  LIB 
- w

f i l t e r - 7
1

/

-R E A D IN G 5  • IN *A B S O R P T lO M E T E R -

FIG. 19
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AÉEÊHDIX.- i* lAF' O? RBOtTOING: AOTIOH 0? ISUGARS.

The rë duo ihg: a o t io à  b f  a moho-saccharide upon 

Èehling*s soTutian may hé expressed in  general terras 

aS: fo l lo w s ! -  I f  fo r  the f i r s t  minute quantity , s> 

o f  a g iven  sugar à d e f in i t e  amount b. of copper i s  

reduced, then for any m dliip le  n o f  a the weight o f  

copper would he no i f  the same concentration o f  

copper was: maintained* The la t t e r  considérât ion  i s ,  

however , never r e a l i s e d , in  practice-and  w ith;con-  

tihudus removal o f  copper from so lu t io n  the value no 

becomes: no (h  -  1 h  -  2 f  n  -  3 . .  » m  -  ^

Whe n w or king wi th ■ weighabl e q u a n ti t  i  es b f  s uga i , . th i  a

expression  should be modified to -

no -  (n -  1) -  (n -  2  h  -  ^ f  i . L V;n n^k in

which d. i s  the d ifferen ce  between the weight o f

copper for  the f i r s t  two members b f  the sé r ié s  a 

and 2b* The valiiea o f :d and k are .found em p ir ica lly  

and knowing these i t  i s  p o ss ib le  to opnétru et  ta b les  

for any o f  thé reducing sugars * ; f

Ga Icu la tib n  o f red uctioh thble a ; for reducing  

power o f  d if fe r e n t  sugars i s  u su a lly  made by the 

method o f  l e a s t  squares according to the general 

f  ormula ÿ » -4 ♦ Bx it G x? in  which x  i s  thé #g#: o f  

copper reduced by y mg* o f  sugar, A, B and: G are 

constants# Having determined the values o f x  for  

10 or more values, o f  y the c a lc u la t io n  o f A, B and 

0 i s  done as usual*

(Erom O.A. Browne, A Handbook o f  Sugar A n a ly s is , p*40l)*
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APB3HDIX I I .

An Account o f the Hature. of Ofner*s and B er lin  

In s t itu te * s  Solutions and the Orig in a l Experiments 

ca r r ie d out with them "by their  re sp ec t ive authors ,
— — — ^  • •     • 1 ■- III I I r 1 11 i n - iT    -    — r* ^ ~ l—        ' ^ i n m i i M n » f i a * i i i  i - ■ i n t  '    ■ n n  r - > n  i ■

due t o I .E . m m ,

, The a c t io n  of Eehling* s so lu t io n  on sucrose i s  

considerable . Ofner*s so lu t io n  has very l i t t l e  a c t io n  

on sucrose. , In thé CzechosToyakian Sugar In s t i tu te  

some■ 464 samples o f  raw beet sugar were tested  and 

the ir  in v er t  su gar go n ten t determi iie d -, by the fo llow ­

ing f iv e  methods,. The r e su lts  show:- 

By Her 2 f  e Id * à Me tho d. : ' 0.0397 per cent average

*' Pick*Q - » ■ 0 .0577 " » u

** Tondrak*0z erny Method 0L0581 " ** "

** Ofner* s Method 0.0617, “ » »

** Ofner* s short Metho.d 0.0645 *' ” **

The r e su lts  as found by Ofner*s method are 

higher than those found with other methods.

The B erlin  I n s t i tu te  Method was developed a t  the 

B er lin  I n s t i t u t e ,  using Muller*s s o lu t io n ,  with beet  

sugars. The method was applied to a number o f  f i r s t  

product beet sugars; the r e su lts  were' in  the range 

.015 -  .034 per cent. When known q u a n tit ie s  o f  

in vert sugar were added to the q u a n tit ie s  already  

p resen t, a f te r  the determination o f  the q u a n tit ie s  

p resen t, the r e su lts  agree as fo l lo w s s -
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lETERT. SUGim ADDED. EODHÏ)

0 .D 50  p e r  c e n t  0*052  p e r  c e n t

0 .1 0 0  ** 0 .1 0 5  "

. 0 .2 0 0  ** " 0#220  « **

0 .5 0 0  ** « 0 .5 3 4  ** **

E f f e c t  o f  th e  v a r io u s  c o n d i t i o n s on t h e r e d u c in g  

a c t i o n  o f  i n v e r t  su g a r  and s u c r o s e .  The r e d u c in g  

a c t i o n  o f  t h e s e  w ere compared under t h e  c o n d i t i o n s  

o f  b o i l i n g  w a te r  b a th  h e a t i n g  f o r  v a r i o u s  p e r i o d s j  

w it h  e x c e s s  o f  a l k a l i n e  cop p er  s o l u t i o n  o f  e q u a l  

copper;; c o n t e n t  b u t  d i f f e r e n t  a l k a l i n t t i e s ,  r a n g in g  

from t h a t  o f  E e h l in g * s  s o l u t i o n  w h ich  a t  th e  t e n  f o l d  

d i l u t i o n  had pBi ». 13', t o  t h a t  o f  a. s o l u t i o n  h a v in g

p F  s i 9 ,  i t  was fou n d  t h a t  th e  lo w e r  th e  pE t h e  s lo w e r ,  

th e  r a t e  of* th e  r e d u c t i o n  o f  s u c r o s e .  The i n v e r t  

su g a r  showed on th e  c o n t r a r y  a r a p id  r i s e  ; t o  a  p r a c t i ­

c a l l y  c o n s t a n t  y a l u e .  The h i g h e r  : th e  a l k a l i n i t y  o f  

th e  r e a c t i o n  m i x t u r e t h e  ib w e r  was- th e  c o n s t a n t  v a l u e , 

b u t  th e  more r a p i d l y  was i t  a t t a i n e d . A t  pE 10 -  11  

( t h a t  o f  lC u lle r * s  s o l u t i o n ) : . o r  more the, c o n s t a n t  v/as 

r e a c h e d  i n  t e n  m in u te s*

W ith  E e h l in g * s  s o l u t i o n ,  th e  c o n s t a n t  v a lu e  

c o r r e sp o n d e d  to  th e  r e d u c t i o n  o f  a b o u t  f i v e  e q u i v a l e n t s  

o f  co p p e r  p e r  h eW s'ei, w i t h  M u ller*  s  s o l u t i o n  t o  6 

and w i t h  a s o l u t i o n  ,o f  a b o u t  th e  same a l k a l i n i t y  a s  

O fnerf s  s o l u t i o n  (pH .« 9 )  i t  c o r r e sp o n d e d  to  a b o u t

s e v e n  e q u i v a l e n t s  o f  cop p er  b u t  r e q u ir e d  f o r t y - f i v e  

m inutes: to  r e a c h  c o n s t a n c y .



•THE. COLORIMETRIC DETLRMIHATIOH 

OR IRON IN SUGARS*

The problem:;of the occurrence of iron in sugar 

products IS here discussed.'.: R ifteen  co lor im etr ic  

methods of determining iron have been examined with  

p a rticu la r  iregard.to iron in sugars, and fo r  severa l  

of the methods graphs are given for use. w ith the 

P h o to e lec tr ic  Abs.ofptiometer. .

223'



IRON IN SUGARB.

The presence o f iron in  both cane and beet sugar, 

products, haa long been knoml.

'The colour o f  raw cane ju ice  i s  la r g e ly  derived 

from iron  compounds o f  polyphenols. Bteueri^ald 

(Archie f  voor de Java Su iker indu s tr ie . ,  1911, 19,

1543? I.B./J. (1912) 53) has suggested that the compound 

Saccharetin  ia o la ted  by him from the sugar cane, may 

be the cause o f  the intense colour produced by the 

presence o f  iron , s in ce  sac chare t in  forms aji in ten se ly  

dark coirrpouild with iron .

L. Briant in  his**Textbook for  Brewers** (1911) 

sta tes , that not more than 0.005^^ o f  RegO^should be 

present in  sugars used for the b est  q u a lity  brewing 

products,' and that 0.025/^ FegOg should be considered  

the V maximum . a mo unt a 1 Idmb l e  in  any case *

EfSoheye (Oentr. Eu.ckerind 32, 1536, 1924) asks 

why certain , raw beet sugars cannot be washed w hite ,  

and f i n d s h  cause in  t h é , formation o f  iron  g lu c in a te  

in  the second éarbonâtation of the ju ic e .

QO.LORATIQN OF SUGARS BY IRON SALTS ! Mere tra ces  o f  

iron compounds impart a dark t in t  to sucrose c r y s ta ls  

formed in  such s o lu t io n s .  Thus. La Bastide mentions a 

case o f  ye llow  coloured sugar obtained from syrup 

which had been f i l t e r e d  pvei sand contain ing iron  . 

(A rch ief 1903, 954).

S tb l le  determined the s o lu b i l i t y  o f  iron  s a l t s  in  -
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B u o ro s é  s o l u t i o n s  s . ànd  s t a  t e d  t h a t  a l t h o u g h  t h e  

e ô l u b i l i t à e é  w e r e v e r y  H ow , t h e  a m o u n t s  w e re  more - . 

t h a n  s u f f i p i e n t  t o  f m p a r t r a  y e 1 lo w  o r  r e d  c o l o u r . 

t o  t h e  s u c r o s e  s o l u t i o n ,

mow SiŒ.TS sbl,Ù:ÈILITY IN SITĜ RS EBH LITRE AT lY .B #»

P e f  OéritH' . ■ Ferric': . t F erric
Sucrose; BydrOxide : Oxidë

10

30 2*3

50 2;;3

mON DISSOLVED JmOM mO.TORY E

Ferroso

O x x d e .

10*3

12*4

14*5

(*̂ Ghne ;sugâr and i t s  Manufacture** Norman Rodger/.

London, 1924, p*270) remarks: j th a t  sü^àr from t h e /  :; 

commencement, o f  a ccane-^mi:llir% sëason contains much 

more iron  than t^ produced a f t e r  the ru st  in  the

tanks' and pipe been Wshed away. .

IRONINmODIJClD: FROmOOESB'mTBRlALS# In ie  f in in g  

iron may.be:introduced inLo the sugar liquors from the 

anima 1 char coal usé d. , :, Thxs; i n i t i a  l l y  contai ns abo u t  

0*2 to 0*3 per cen t o f  iroh  ^which isuprbbably derived 7 

from n a i l s  e t c .   ̂ miked wxth the bOheB#&v The iron  in  

animal ch a rco a l,in c r e a se s , with Use :b f  the charcoal, by 

adsorption from sugar l iq u o r s , and from abrasion by 1: 

machinery, and may reach a p o in t where the bone-char 

becomes Saturated  with iron and lo s e s  i t s  power o f re­

moving iron from sugar, so lu t io n . . i

Tucker ( ’̂Manual o f  Sugar Analysis" Van No strand./ \
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p*305 ) mentions am - Iherease ' o f  iron in animal 

chareoal from 0.18 per oent to :0.36 per bent during 

28'2 days o f usé.

COLORATION Dm /TO TAmniS: AND POLYPBENOIB s

Bbhneiler has Mbvcb that the a d d it io n  o f  fe r r io  

sa lts , causes very l i t  t i e  co lo ra tio n  in  so lu tio n s  o f  

pure; sucrose and g lu e  os ê ( Eé r io  t  ^^Manufacture of Sugar 

from the Cane and Be e t"'' Longmans 1920j; ' He a t  tr ib u tbs ' 

the dark colour o f  ju ic e s  bontalning puch iron to the . 

simultaneous presehce of ta nhihs and polyphenols, 

w h ic h 6ombine # i th  the: iron, I t  i s  known thbt teM 

infusiph: turns^ dark when: ma be with sugar or >mtbr: ; i

bontaining more iron than;horma1  ̂ andithe aboyé s t a t e s  

ment i s  analogous to th is .

 ̂ Reducing agents; cause billy a temporary bleaching  

o f  th is  dark colburj -thé darkening^ of; d ir e c t  process  

sugars i s  d̂us to re-o%idatibn o f  traces  o f  phenol-. 

iron  compounds. /  V

Iron in  the cane-ju ice  can be mxnimised by tapping  

the cane "low"' -  that i  s  r em o y in g  more o f  the tannin ' 

contain ing b m #  j b i h t i  o f  th& p la n t  b efo re  m il l in g ;  '
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IRON lERIVEI) ]mOM PRQGE88 im'ÊSR : ' ; i'; . ; i

/ . ]RON IN ITA'TERr Iron is  one o f  the most frequent : . .

con stitu en ts  o f  potable water#. Thrash & Beale (Water ■

and Water Su p plies , Churchill 1925/ P .160) s ta te  there.shod  ' 

should not be more than Q.5 part per m il l io n  o f iron i

as carbonate p r e se n t ' in  a potable water. Water for _ ■

.. brewrng purposes must be p r a c t io a l ly  free  from iron , :

and i t  fo llow s that sugars for brewing must a lso  be ^

ir o n -fr e e .  I f  more than 1 part per m il l io n  o f  iron  

i s  p resen t in  water a deposit of the oxyoarbonate 

resu lts .^  '  ̂ /-yt'

; average sugar r e f in e r y  process about 3.

tons; o f  w ater i s  used per ton  o f  sugar m elted, o f  . ’ \ /

which 2 tons are used a t  the b o i le r s -  Thus a re fin ery

m elting 200 tons o f  sugar per day"w ill use 200 tons

o f  water and i f  the water c oh ta ins 0.00014^; iron , th is  

; w i l l  mean fapprpxima bely 6 .3  lb s .  o f  iron per day ; ; . x

ih tr  educed in  th is  way. y

IR:# IN: mËûOATING C È m Ë O A i a The average per cent o f  

iron in  the-lim e used is  about 0 .2  and in  calcium , .:

: phosphate ("euperphosphatb") about 0*5. . The amounts '

o f  iron introduced to process from these are small 

s in ce  only about 2 bwts. edch o f  Limé and phosphate 

are: used ger 200 tqnéx o f  sugar .melted. The blue used :

in  the f in a l  stages o f  re f in in g  to n e u tr a lise  any 

y e llo w  t i n t  in  the sugar a ls c  contains iron. Analyses
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madèybyBthe author showed.the fo llow ing amounts o f iron  

oh a dry b a s is  in  various types, o f  sugar b lue,  

ihdanthrene blue paste 1.01 per cent;ultram arine blue 

0.09? per o en t*"Sumazine" blue (sodium ch loride base)

0. 019 per : cent: P er lin e  blue .005 per cent. The

quantity o f  blue used per ton of sugar i s  extremely small 

so that there i s  not much danger from th is  diazection: 

i t  must be remembered however, th a t  th is  i s  a d ire c t  

ad d ition  to tha nearly  fin ished  product.

BAIAHŒ OF : IRON A- SUGAR REFimiRY: x : ,x' ’ ■ .

In the fo llow ing flow  sheet o f  a sugar refin ery  

process, the amounts-of iron  found ,by the author in  

ty p ic a l  average products are shown ( in brackets)  

fo llow ing  each product. The' q u a n tit ie s  o f  sugar . 

products in  each stage represent average y ie ld s  for  

good working. (The;sucrose l o s t  in  manufacture i s  

about 0 .7  to 1 .0  per cent. ),x

The f igu res  show th at the bulk o f  the iron i s  

washed in to  the syrup (raw washings), during the pre­

lim inary mingling and cen tr ifug ing  o f  the raw sugar.

The balance i s  by no means exact, owing mainly to thé  

sampling d i f f i c u l t i e s  in  follow ing one batch o f  sugar 

through the process. The balance r e la te s  to a melt o f  

Natal sugar.

I t  w i l l  be noted that there ia  only about 5 pounds 

of iron  in  c ir c u la t io n  per 100 tons o f  raw sugar.



The- a h lm a f ch axcoa l appears to  adBpib about 

h a l f  o f  th e t o t a l  Iron  p r e s e n t , and m ost o f  th a t  

l e  f t  gO e.s é i t t , in  the low er pr od uO t  s ugar a nd go ld  en  

syrup . /  ' " ' ' \  "

Thel h o u s e  s y r u p  i s  o f  pE 6 . 9  a h b  i s  n o r m a l l y  

s t p r é â  i n  i r o n  t a n k s  i n  a h o t  a tm o s p h e r e  w h e r e  . 

some s o l u t i o n  o f  t h e  b a n k  m a t e r i a l  t a k e  à  p l a c e .

I t  i s  k hbw n  t h a t  s u c h  t a n k s  w ea r  t h i n  i n  t h e  c o u r s e  

o f  some y e a r s .  ■  ̂  ̂ - >, "■ , .

- The r isb ' ih  '.the co n ten t o f  th e  raw liq u o r

i s  probably  due , to  me 1 t in g  the- ra^w sugar in  f i l t e r  

wa 8 h in g  wa t  è f  and ;tp g a in  o f  i r  on ; f  r om pr ones s ma t e r -  

I'ialsxa-dded/  V: '

y A ll a n a ly sé s  by the su lp h id e

C O lorim etric method. . "
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mON BAIÂNCm; m  & suom  ŒFimRYxFOR lOO DRY T O m

PRODUCT

Raw B u g a r  

Raw w ash in g s .

G r y s t a i l i s e r
.Sugar r-T ' '

Moiass'és .... ' ', 

Washed S u g a r  

Raw L i q u o r  ■

Raw L i q u o r

R e f i n e d  L i q u o r

S t a n d a r d  
I f e i t e  ' ' 'Sugar

Y e l l o w ,  S u g a r  

H ouse S y r u p  

G o l d e n  S y r u p  . 

F i l t e r  Oalce

Fë

on d r y

0 .0 02 1

Q .0 Ï 8 0

0 .  0 0 3 5  :

0 .0 2 7 0 , ,  

;b. 0003 

0 / 0 0 1 4

0 . 0 0 0 5 ,

0.OÙO3

0 .0 0 0 1 6  

0*0030  

0 . 0 2 7 0  

0 . 0 0 2 0  

0 . 0 1 8 0

Tons? o f  
P r o d u c t  
On D ry

6

90

96.7

9 6 . 6

94*6

89 .'3: 
8 9 ;  5

f V # \ V
3 .0

2 . 0

1 . 9

5 . 0

L b s .  o f  
Fe 

On D ry

/4 .7 0
4 . 0 3

0 . 4 7

2.42:

0 .6 0 .

3*pO_.

1 . 0 7

Q .6 4

0 . 3 2

0;20

, 1.21 

0 . 0 8 4  

2 . 0 2
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By Sulphide Go lor inie tr io  Me thod

Analyses made by Author*

on

OR I Q  I N i  :
PARTS. p e r . 

: MILLION ‘
Fè

A ustralia 0.001

Cuba , ' 0.0008

Java . . . 0.0008

Mauritius 7'" 6y- 0.0005

Natal 21 ' 0.0021

Peru 6 0.0000 ■

San Dbmxngo ; . :
■ ;

0.0007
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FEOt-SHBBT OF STTOAR .KEFINim FROCESS ( OH-DRY BASIS )• 

100 tops RAW BWÆR (0,0021#) :

Y I E L ;©

9 0 ;t Ohs wa she à  
: sugar (p*b0p3)

0 .5  Ton lo s s

10 tons Raw: washings ( 0. OIS )

tcmë (0 .

sugar .

95*7 tons raw liquor(0
F i l t e r  w a te r  <■■■'■ I
( 0 .0 4 2 ^ )  0*2 t o n  l o s s  on f i l t e r s

4 tons 
Mo la s s e s

i
95.5 tons F iltered  Raw Liquor 

" V (0 .0005)
Over char 0*9% lo s s  x

F ilter ;
Press
C a k e /

6 tons

94;6xtdhs Réfined'^Liquor ;qn dry , ( 0 , 0 0 0 5 )
vaouim, .

0 . 5  ton lo s s  in:pans é t o . ,

t “ and unknovm
i

94*5:tons refinqd products
89 ,,5 tons 
Standard 
white 5 ) Yellow
granulated Tons) sugar 
sugar (0 .00016); , (0 .003)

House (0.027^1)
sy r u p

2 . 0

1*9 ) Gpidth (0.002). 
syrup \

A l l  Fe r e s u lt s  oàËouiated on dry b a s is /  and shown in  

parehtàiësis*
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The Colorimetric Determination of Iron.

The co lorim etric  determination of iron has 

engaged the a tten tio n  of many chemists on account of the 

numerous d i f f i c u l t i e s  encountered.

In 1885 Thomson,(J.G.S. 1885, 47, 49) using the

well-known thiocyanate reaction  claimed a s e n s i t iv i t y

such that 1 part of iron in 50,000,000 parts of water

could-he d etected . This reaction  had been used

q u an tita tive ly :.as  early  as 1837 . (H.Ossian Pharm.central 
b la t t ,  1837, 205).

■' ' ' Mo81; of the methods for  iron are of more recent 

deye1opment, phd many of the older methods have been 

g rea t ly  improved in the la s t  twenty or th ir ty  years.

The voluminous. l i t e r a tu r e  r e la t in g  to t e s t s  for iron  

requires :muchicareful s i f t in g  before the best method 

a v a ila b le  can be se le c te d  for  a given purpose.

The great s e n s i t iv i t y  of some of the methods i s  

almost an embarrassment and sp ec ia l precautions have 

to be taken to avoid im purities in the reagents used.

The method most gen era lly  employed for  sugar 

products i s  the Sulphide co lorim etric  method described  

by E astiok , p g i lv ie ,  and L in f ie ld  j|[lnt.Sugar J1.14, 428 

( I 9 1 2 ) j .

This i s  an adaptation of the sulphide process due 

to Winkler (Z.Ang.Chemie, 141 and 550, 1902)i i t  i s
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G1aimed that it-may he used in presence of the sugar 

for certa in  products, p a r t ic u la r ly  the l ig h t  coloured  

ju ic e s  and sugars of the re f in ery .

The author used th is  method for some years in  

re f in ery  work, and was never, e n t ir e ly  s a t i s f i e d  w ith  the 

matching of the standard t in t s  with th ose  produced in the 

sample. In ad d ition , the preparation of ammonium 

monosulphide i s  troublesome, and i t  must be fr e sh ly  made 

f o f  hach s e r ie s  of estim ation s . I t  seemed desirab le  . 

to  in v e s t ig a te  various Methods of estim ating iron to  

d isb o y e r : i f  p o ss ib le  an a lte r n a t iv e  procedure which could 

a lso  be used in  presence of sugar. . I t  i s  obvious that 

a method which i s , n o t ; ih te r f  ered with by the presence .o f  

sugar would be simpler and more rapid, s in ce  i t  w puld , 

elim inate the ted ious ashing of the m ater ia l.

I t  i s  a l s o : apparent that where colour i s  already  

present in  the sample, great accuracy could ,not be 

expected.

x;- A
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' B@mirement8_af_a_Ç alorim lrlo_m ibodj. ■ ,

The conditions which should e x is t  in a good 

co lor im etr ic  procedure are here enumerated (abstracted  

from J.H* ŸoBr’'Photometric Chemical A n a ly s is” Vol. I .

John Wiley 1928, p .5 at s a g ) .

(1) Colour produced.by the reagent must be c h a r a c te r is t ic  
\ - of the: t e s t  substance^

(2) Çôlpür; produced by reagent and t e s t  substance . 
Shoul&:;b̂ ^̂  colour present in the so lu t io n .

(3) ., Qblbur. produced by the reagent must be reasonably
permanent;} %

(4) % i t h e r ,co1pur nor in te n s ity  of colour produced 
h y -te s t  substanG and reagent must be a ffec ted  by

.' e l e c t r o iy t es l ik e ly  to be p r e se n t^  i . e .  , pEmay 
have to be adjusted c a re fu lly  before comparing.

(5) Go1our" ih ten sity  should vary d ir e c t ly  with the/ 
concentration of the te s t -su b s ta n c e .

(6) Col bur shou1d; be easy to d is t in g u ish  and match
e .g .  fhiue ; red t green.

(?) Method should be rapid, accurate, and sen sit iv e*

Object of present works-. With the above considerations  

in  mind, t e s t s  were made w ith severa l co lorim etric  methods 

of determining iron with the object of f in d in g  a method 

which might be an improvement on the e x is t in g  sulphide  

procedure..



Quant i t a t i v e  Golorime tr ic  Analvs is^

The basic  p r in c ip le  of co lor im etr ic  measurements 

i s  the comparison under standardised conditions of the 

colour produced by the substance in unknown amount 

with the same;colour produced by a known,amount of 

the m ateria l being examined.,

There are four general methods of making th is  oomparisoht

(1) The Standard S er ies  Method:-

The t e s t  so lu tip n  i s  made to a d e f in i t e  volume, and 

i t s .  colour compared w ith  a - s e r ie s  of standards s im ila r ly  

prepared. In certa in  cases permanent standards may 

be made up from inorganic s a l t s .

( 2 ) .  The D uplication  Method:- A standard so lu tion  of 

the substance under exariination i s  added to the reagent 

u n t i l  the, rcolour produced matches that of the unknown 

sample, in the same volume of so lu t io n . This i s  l e s s  

accurate than method ( l ) .

( 3 ) The Dilutipn_Method:-

The sample and standard are observed h o r iz o n ta lly  

through E ess ler  tubes of the same diameter, and the 

stronger one i s  d ilu ted  u n t i l  the colours match. The 

r e la t iv e  concentrations of o r ig in a l so lu tio n s  are then 

proportional to the heights of the matched so lu tio n s  in  

the tu b e s .
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(4) The_MethM èlaf_Balançin g s"

The height of the l iq u id  in one tube i s  adjusted  

so that when both tubes are observed v e r t i c a l ly  the 

Colour in t e n s i t i e s  in the two tubes are equal.

I f  the concentration in one tube be known, that  

in the other i s  ca lcu la ted  from the resp ec tiv e  lengths  

of the two c 0 lumnstof liquidi. " '

Ih' practice- these cohcentrations are not ex a ctly  

in inverse proportion to the lengths,, p a r tly  since  

monochromatic l ig h t  i s  not employed, and p a rtly  because 

of chemical .change's which may occur on d i lu t io n  - e .g .  

increase in degree of io n isa t io n :

Dor accurate work by.t h i s  method the so lu tio n s  . 

compared should not d i f f e r  g rh a tly  in  concentration , 

and an em pirical ca lib ration -cu rve  should be constructed. 

Other Methods

In the hoi0#ond Tintometer and the H e ll ig e  comparator 

the colour of a so lu tion  i s  matched against coloured  

g la s se s  which are standardised to show parts per 

m illio n  of the substance being estim ated.

By the use of p h o to « e le c tr ic ; c e l l s  combined with  

su ita b le  l ig h t  f i l t e r s  i t  i s  p o ss ib le  to a t ta in  high  

s e n s i t i v i t y  and in many oases a s t r a ig h t . l in e  

ca lib ra t io n  curve, in agreement with the Lambert-Beer Law,

A co lorim etric  determination by th is  means i s  thus a 

p rec ise  p h ysica l measurement independent of the judgment 

and id io sy n cra s ie s  of the human eye.
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T m :  DBSiaCER ABaORBTIOMETER.

. Â: number of d i f f  erent ayaterns May be^ and are^ 

asecl in  ^^ptotoelectrlc c a l o r i m e t e r s . In some 

systems no: provision  i s  made f'or e lim in atin g  the 

e f f e c t s  o f f lu c tu a tio n s  in  the voltag^e supply to 

the lamp^ consequently i t  must, e i th e r  be run from 

some s p e c ia l ,  s ta b i l i s e d  c ir c u i t ,  or e l s e  the 

l i a b i l i t y  to small unrecognised errors a r is in g  out 

o f  vo ltage f lu c tu a tio n s  must  .be accepted* The 

system used In the wpekker Absorptiometer elim inates  

th é  e f f e c t  o f  these f lu c tu a tio n s  and. thus , allows the v 

instrument to be run from the mains supply.

In .other systems.,, although provision: i s  made fo r  

the e lim in ation  o f  the e f fe c ts  of mains f lu c tu a t io n ,  

the r ep ro d u c ib il ity  of the readings depends on 

cer ta in  as s umptions.concerning the in tens i  ty-oUrrent 

ch a ra c t  è r is  t i c  o f  th e ̂ p ho to c e l l  us ed;, , and th e s e 

assumptions may be invalidated  by changes occurring  

as the c e l l  ages. In the Bpekkef hbsorpti orné te r  the 

arrangements-are such th a t  the readings are independent 

o f  any assumption concerning the l ir jea r ity  o f  the re.- 

eponse o f  the c e l l  which is  used merely as an in d ica tor  

in  a h u ll  method.
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FIG.2 0

LENi L EN S

P H O T O

c e l l

IRI L A M P  VARIABLE

PjWTO 
-  l.L

d i a p h r a g m  a p e r t u r e  

—OPT I C A L - A R R A N G E M E N T - &■ PHOT OEL EC TRI C 

C I R C U I T  : '5PEKKER' ■ A B 5 0 R P T  I O M E T E R  —

FIG.21
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The o h ie f  featurea o f  the Spekker P h otoelectr ic  

Absorptiomoter may be summarised as fo llo w s:

(1) I t  i s  run d ir e c t ly  from the e l e c t r i c  mains

supply r* no b a tte r ie s  are required*

(2) The readings are independent of f lu c tu a tio n s

in  the mains supply*

(3 )  The p h o to ce lls  are of the ’̂r e c t i f ie r "  (or

"8perr8ch ic h t") type, and are extremely  

robust and durable #

(4) Thé instrument readings are not a ffec ted  by

var ia tio n s  in  the s e n s i t i v i t y  of the c e l l  

or of the galvanometer, s in ce  a n u ll  

method i s  employed*

(5j The gélvénometer  which in d ic a te s  the photo-­

e l e c t r i c  current i s  a robust pointer  

instrument, and i s  used as a n u ll  ind icater*

(6 ) Headings can be taken with as l i t t l e  as

7c*c of liquid*

(7) Although the instrutnent embodies a properly

designed o p t ic a l  system there are few 

o p t ic a l  surfaces to be kept clean*

(8) The ca lib ra t io n  does not depend on the use

of wedges, which are not read ily  made 

accurately  and u su a lly  show in d iv id ua l  

varia tion s*
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(9) Independence o f  the v isu a l judgment o f  

the observer. .

(lO) Freedom from the n e cess ity  o f  having a 

standard so lu tio n  against which to 

compare èvery t e s t  so lu t io n  

necessary with v isu a l **colorimeters**)• 

Standard so lu tio n s  for a given t e s t  

are prepared and measured, on f i r s t  use 

o f  the instrum ent» arid need he repeat e d 

.. only a f te r  long in te r v a ls . (Some workers 

.nevertheiesQ hprefer : to make,a standard 

so lu t io n  with each hatch o f  t e s t  so lu tio n s  

as a check on th e ir  ro u tin e ) .
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PFRGFETAGE TRANSMISSION'FIGÜIËS OF'F I W

, Blue-
- Red Ore en Green

Ho. '

• 4 36.7 18.4
.42 w •* tm. 46.1 26.0
.44 *■" ■ 54.8 28.1
.46 «■ tm, 0.9 59.5 23.1
.48 - 9 .2 61.0 9 .2
.50 0.4 26.0 60.0 0 .9
.52 3.7 41.2  . 54.2 —
.54 « . 15.9 41.2 36.7 —
.56 47 .3 26.0 23.1 "•
.58 0.9 75.8: 11.6 13.0 -
.60 15.9 81*4/ 4 .6  : : 5. 8 -
.62 75^8 83.3 ■ 1 .3 - 2.311'
.64 93.5 84.0 0 .6  ; 0 .8
.66 93.5 84.6 ' 0;3  : 0 .2  : -!
.68 93.5 : 85.1 0 .2 «

.70 93,5 : 85:7 / 0 .1 0 .4

.72 93.5 86 .0  / HM 0 .2

.74 93.5 : 86 .3" ; if* ' ' ' ' 1 .2

These are average f ig u res  and do not n e c e s s a r i ly  hold to 

w ith in  2.3^ for  .any p articu la r  filter^
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HÉSR-lâlCBIMT ÏAff i s  ébeyed hy solutions: în, which 

no a l t e r a t io n  in colour caused by chémicàl 

changes oocûrrihg o n id iiü t in g  the so lu t io n .  

STAMm jAmSMIIGAlLYi ' . lb' * 1  x'.10®°^

Where 1^ s i  In te n s ity  o f  the in c id en t l i g h t  /

: . 1 \  .. M ■©J^érkent^light:,:

c a cone entra t  ioh  o f  colo hre d substance

' ' d a t h e , thlciches.Sr of s o lu tiqn  : ■ %

: : e   ̂th e  :molecular e z t in o t io h  o o - e f f i c i e n t

/{' ' _ . T TAverlengthrO l ig h t .

or (hog ip,);.# aheorptidh density  .

So f o r  l i g h t  o f  a  g i v e n  wave - l e n g t h  t h e  a b s o r p t i o n  

d e n s i t y  f o r  a  g i v e n  t h i c k n e s s  o f  . s o l u t i o n  is- 

d i r e c t l y  p r  op o r  t i O n a 1 t o  t h e  c o n c e n t r â t i o n  o f  

t h é  d 0 10 u r é d su b  s t a n c e . - "

For Q r ecd;& eo d' ' ' . ' ' ' ‘ • X..

• * • £. •  ^  c
% A ° i

M. S t r a f f o r d ^  A n a l y a t ,  V o l . 6 1 ,  1 9 3 6 ,  p .  170
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S e n s i t iv i t y  of T e s ts î-

The fp llow ing  d e f in it io n s  of terms used in  expressing  

the r e s u lt s  o f  micro-chemical q u a lita t iv e  t e s t s  ( " sp o t- te s ts" ) 

are extracted  from an I n s t i tu te  of Chemistry lec tu re  by 

Br i s  c 0  e and Mat thews (1934).

In defin in g  the s e n s i t i v i t y  of a t e s t ,  severa l terms

are used:- ■;

(1) THelliim it/ o f  i d en tif i c a t i on i s  the sm allest amount: j:,

recognisablb;:, Aisually \expressed in micro-grammes or , /  . ;

gamma, one gatma being the" thousandth part of a milligramme

or one m il l io n th  of a gram ( 0.00,0001 gm) #

(2) The:Concentration  Bimit i s  the g r e a te s t  d i lu t io n  in  

whi oh the t e s t  give s po s i t  ive r e su lts  : i t  is .ex p ressed

as a r a t io  of the substance ip  the so lv en t .

(3) The PrOOPi t io h  l im i t . . .  meaning the l e a s t  proportion  

of ”X" which' can be detected  by the. t e s t  in the presence ‘ 

of another s p e c if ie d  con stitu en t Y .

These values are by no means f ix e d  q u a n tit ie s  for  

a given t e s t , but are la r g e ly  dependent■on the method 

of carrying i t  out.



Method Liniit of  
Id en tif  ioa- 
t io n .

1. Ac e t y l -  ac et one

2. A lloxantin  .

3. Ammonium 
sulphide

4. iDimethÿlgloxime

5. 2 : 4 .B i-nitroso  
résoro ino l

6 • 7- ïpdo 8- Hydrojcy 
Quinoline ^
S-Sulphonlc: A c i ,c l

7é Potassium ‘
; F e r r icyanide

8, Potassium  
Ferroçyanide

9. Pyramid on , j'

1 0 . ly r 0  c at e chin

1 1 .S a l i c y l i c  Acid

1 2 .S u lp h o sa lic y lic
Acid

1 3 .Ammonium 
Thiocyanate

1 4 .T h io g ly c o ll ic
Acid

15. oc B ipyridyl

3 ,0

0.04

O i l

2 0 . 0

10 .p

10.0

. 0.25  

2.5

0.03

Goncentration 
L im it.

1 in 2 m il l io n

1 in  
2,000,000 1*

1 ; .1 2 5 ,0 0 0

3.5  parts per 
m illio n

r:par$
•per,;;, 
m illio n  '

s "
per m il l io n

1 in
; 1 m il l io n

1 in  
161,300

1 in  
200,000 

1 in  
10 m il l io n

1 in
1 ,660 ,000

Reference

Gombes(loc& c i t .)

"Few tenths of 
a mgm per l i t r e "  
F astiok  et a l  
( lo c .  c i t . )

F e ig l ,  P.93

tri chois & Cooper 
( lo c .  c i t . )

Yoe ( lo c .  c i t . )

Methods• of 
'water a n a ly s is  ; 
( lo c .  c i t . )

F e i g l  , tPi 93 ,1 
1  in 13,000,000  
( B ailey  g
Analyst" ICegan . 
Paul 1907). .
H. van tJrk;
( lo c .  c i t . ) ; 1 7 ^

B ernouilli-  
( lo c ,  c i t ,  )

Scott "Standard 
Method of Chem. 
Analysis" P .223.

Lorher ( l o c . c i t .:

F e ig l ,  P .93.
Leave11 & E l l i s  
J.I.E .G .AnaliEd. 
V o l.6 . P .46(1934),

F e ig l ,  P.93
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MSTHOBS IBYESTIGATEBs-  ^

The m e th o d s  s e l e c t e d  f o r  s t u d y  w e re  c h o s e n  a s  b e i n g  

r e p r e s e n t a t i v e ,  b u t  t h e y  b y \n o  m eans  c o v e r  a l l  t h e  

m e th o d s  w h i c h  h a v e  b e e n  p r o p o s e d .

An e x t e n s i v e  b i b l i o g r a p h y  o f  i r o n  m e th o d s  i s  g i v e n  

b y  Yoe ( l o c .  c i t . f . 6 1 3 ) .  ( s e e  B i b l i o g r a p h y ) .

, I t  was  p l a n n e d  t o  o b s e r v e  t h e  f o l l o w i n g  d a t a  f o r  e a c h

m e t h o d : -  , , ^

/ ( l )  C o lour  g r a d i n g  o f  s t a n d a r d s ,  

j , ( 2 )  F a d ih g  p f  ' s ta n d  1'

( 3 )  Time t a k e n  t o  d e v e l o p  maximum c o l o u r .

( 4 )  E f f e c t  o f  pH v a l u e ,  a d j u s t i n g  by- b u f f e r  s o l u t i o n s .  

/  (b )  - E f f e c t  o f  w h i t e / s u g a r s :  i n  v a r i o u s  c o n c e n t r a t i o n s ; .

■ ( 6 )  . E f f e c t  o f  raw  s u g a r s .  ; ; /  . ' ^

( ? ) : ; S e n s i t i v i t y  o f  m e th o d .  ,, ; .

The' q u e s t io n  o f  i n t e r f e r i n g  su b s ta n c es  o th er :th an  

sugar ,  wasmiot d e a l t  w i t h ,  as' t h i s  a lrea d y  has been , /

e s t a b l i s h e d  f o r  many of the  miethods. , .

A, s h o r t  d e s c r i p t i o n  o f  e a c h  m e t h o d . i s  g i v e n ,  w i t h  

d e t a i l s  o f  t h e  e x p e r i m e n t s  m ade .

The m e th o d s  ex a m in e d  a r e  s u m m a r i s e d  on t h e  n e x t

two p a g e s .



" 2 4 7  —

SEIECTBI) METHODS FOR ' COLORIMETRIC DETERMIHATIOH OF IROH

M ethod

1 . A c e t y l " A c e t o n e

k:. A l l o x a n t i n  . ^

3, Ammonium 
S u l p h i d e

4 .  D i  " M e t h y l  
G lyox im e

5., 2 : 4  D i l M t r q s o  
\ R e s o r e i h o i

6. 7 " I o d o  
8"H ydroxy ,  
Q u i n o l i n e  
5 « S u l p h o n i c  
A c id

R e f e r e n c e

Combes, Comptes R en d u ,  
1 0 5 ,  868 (1 8 8 7 )

G. iDeniges. ;
0 ompt e 8 Rendu 

Ï1925, 180,: 519. 
:J.C.S; !l92h, 128A, 
i i i 441. ' ■ =

' L,¥. ;:¥inklpr h ..
Anal. Chem.

41,. 550 (1902).

T s c h ü g a ë f f  and  
Orelkin  -
Z é ahdrfe-. Chem.:8 9 ,  ' '■?

Nichols & Cooper 
iJ.Am.C.S^ 47, 1268 
( 1 9 2 5 /  V

J .H .Y o e  J .A m .0 . 8 .  
54 ,  4 1 3 9 ,  1932

R e a g e n t s  r e q u i r e d

0 . 5  p e r  c e n t  a c e t y l  
a c e t o n e  i n  w a t e r  o r  
weak  a l c o h o l . ■ Red 
c o l o u r  w i t h  f e r r i c  , 
s a l t s .  . .

Alkaline Tartrate, 
so lutions  /
Al1 o xan  t i n .  B lu e  
c o l o u r  w i t h  f e r r i c  , 
s a l t s .

F r e s h  .ommonium 
s u l p h i d e  s o l u t i  on 
F e r r o u s  s a l t s  g i v e  a  
b rown c o l o u r .

p i m e t h y l g l y o x i m e ;  V 
s a t .  i n  95 p e r  c e n t  
a l  c oho 1 .  Rpd: c o l o u r  
w i t h  f e r r o u s  s a l t s ' .

H o t  s a t u r a t e d  
s o l u t i o n  o f  r e a g e n t .  
O l i v e - g r e e n  c o l o u r  
w i t h  f e r r o u s  i r o n .

A queous  s o l u t i o n  
o f  r e a g e n t  g i v e s  a  
s t a b l e  g r e e n  c o l o u r  
w i t h  f e r r i c  i r o n .

7 . P o t a s s i u m  
F e r r i c y a n i d e

M eth o d s  o f  w a t e r  a n a l y s i s  F r e s h l y  p r e p a r e d
A m e r ic a n  P u b l i c  H e a l t h  
A s s o c i a t i o n ,  New Y o rk ,  
6 t h  E d i t i o n  1 925 ,  P . 4 9 .

p o t a s s i u m  f e r r i ­
c y a n i d e  s o l u t i o n :  
0 . 5  p e r  c e n t .  B lu e  
c o l o u r  ( T u r n b u l l \ s  
b l u e )  w i t h  f e r r o u s  
i r o n *    __ !_____
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M ethod Reference R e a g e n t s  r e q u i r e d

8 .  P o t a s s i u m  
F e r r o c y a n i d e

9, Pyramidon

1 0 , P y r 0  c a t e  c h i  n 
( C a t e c h o l )

1 1 . S a l i c y l i c  
A c id

i S v S u i p h o -  ’ 
s a l i c y l i c  
A c i d  '

1 3 . Ammonium;: ' : 
T h i o c y a n a t e

T . G a r n e l l e y ,  Chem; 
News. 3 0 ,  257 ( 1 8 7 4 ) .

H. v a n  Uric ( Pharm 
W eeich lad ,  6 3 ,  1 121 ,
1 9 2 6 .  ; '

A. B e r n o u i111 , 
H elv.  Chim. A c t a

A. V ogel .
Chem. É e n t r .  375 
(1876^ /  .:

'L. Lorher. '
B iochem .  2 / ,  1 8 1 ,  391 
1 9 2 7 ; /I 'd, -■■■-■

Hé S t o k e s  and  
J . R . , C a i n .  J , Am.Chem, 
S o G . ; 2 9 ,  409 (1 9 0 7 )  
( e x t e n d e d  s t u d y )    .

1 4 . T h l o g l y c  o i l i c  
A c i d

R« L y o n s .  J .Am.C:.S .  
4 9 ,  1 9 1 6 - 2 0  ( 1 9 2 7 )

1 5 .  oC D i - p y r  i d y l  F ;  B l a u .  îOi.chem.
1 9 ,  6 4 7 ,  (1 8 9 8 )

0 . 5  p e r  c e n t  s o l u t i o n  
o f  p o t a s s i u m  f e r r o -  
c y a n i d e .  B lu e  c o l o u r  
v i t h _ f $ i % i o _ ^ a l t S i _____

1 p e r  c e n t  P y ra m id o n  
s 0 l u t  i o n .  L i  g h t , 
m auve c o l o u r  w i t h  
f e r r i c  s a l t s .

1 p e r  c e n t  s o l u t i o n  
i n  w a t e r .  D a r k  g r e e n  
c o l o u r  o r q d u c e d .

S a t u r a t e d  s o l u t i o n  
o f  s a l i c y l i c  a c i d  
( 0 . 1 5  gin, p e r  100 c o s . 
a t  1 5 ^ 0 .  Red c o l o u r  , 
w i i h _ f e r r i c _ i r o r m _ ____

20 p e r  c e n t  s u l p h o -  
s a l i c y l i c  a c i d .
10 p e r  c e n t . a m m o n i a .  
Y e l l o w  c o l o u r  w i t h  
t o t a l  i r o n .  '  __ ___

4 p e r  c e n t  s o l u t i o n  
o f  p o t a s s i u m  
t h i o c y a n a t e .  Red 
c o l o u r  w i t h  f e r r i c

4 CCS. T h i o g l y c o l l i c  
a c i d  a d d e d  t o  B c c s .  
c o n e ,  ammonia i n  50 cog 
w a t e r .  Red o r  p u r p l e  
c o l o u r  w i t h  f e r r i c  
s a l t s . i n  a l k a l i n e  
s o l u t i o n .  _________

2 p e r  c e n t  s o l u t i o n  
d i l u t e  HCl o r  i n  
a l c o h o l .  Deep  r e d  
c o l o u r  w i t h  f e r r o u s  
s  a l t s . _ .   _______ _

i n
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EXPERIMENTAL APPARATUS:- ............

The o b s e r v a t i o n s  o f  c o l o u r  g r a d i n g s  w e r e  made i n  

N e s s l e r  g l a s s e s ,  p l a c e d  I n  s t a n d s  h a v i n g  a  w h i t e  g l a s s  b a s e .  

F o r  a c c u r a t e  m a t c h i n g  o f  s a m p le  w i t h  s t a n d a r d s  a  

s t a n d  w as  d e s i g n e d  and  c o n s t r u c t e d  w h i c h  h e l d  f o u r  

N e s s l e r  g l a s s e s  i n  p a i r s  , A p r i s m  w i t h  e y e p i e c e  

s e r v e d  1 0 / b r i n g  t h e  f i e l d s  of" t h e  s a m p le  a n d  s t a n d a r d  

t o g e t h e r ,  ' The a r r a n g e m e n t ; w a s  m o d e l l e d  on t h e )%vâbmmâ 

o f  H e l l i g e  t y p e  o f  pH G o m p ara tp n ;  u p h o t o g r a p h  o f  t h i s  

a p p a r a t u s  t i n  s h o w h b n  p a g e g f f  .

;.This ;was ‘f o u n d  t o  be v e r y  u s e f u l ,  a n d  p e r m i t t e d  

of; v e r y  b  l o  s e ( mat o h i  n g , /  t

. The p i p e t t e s  a n d  f Ï a s k s  u s e d  w e r e  r e - o a l l b r a t e d  a t

1.5°C. , ■

" As f a r  a s  p p s s i b l e  a l l  c o l o u r  m a t c h i n g s  w e re  made 

w i t h  t h e  same i n t e h s i t y  o f  l i g h t ,

STANDAih) IRON SOLUTIONS:-  ; ?:::

A l i s t  o f  t h e  s t a n d a r d  i r o n  s o l u t i o n s  recom m ended 

f o r  t h e  v a r i o u s  m e th o d s  i s  h e r e  g i v e n ,  w i t h  an a c c o u n t  

o f  an  e x p e r i m e n t , c a r r i e d  b u t  on t h e  h y d r o l y s i s  o f  i r o n  

s o l u t i o n s  on s t a n d i n g .
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STANDARD IROH SOLUTIOHS.

M ethod R e a g e n t Gms.
p e r
l i t r e .

r  . - "
Fe
c o n t e n t  

_ p e r  oc_ ^_

D i m e t h y l g 1y oxime 
A c e t y l

A c e t o n e  
P o t a s s i u m  F e r r o -  
c y a n i d e

F e r r o u s  ammonium s u l p h a t e

F e S O b r a J  SO , 6H 0 
4 '  4 ' 2  4 2

0 . 1 4 0 4 0 . 0 0 0 0 2

Ammonium

S u l p h i d e

F e r r o u s  s u l p h a t e  

FeSO^, 7H^0

i n  5 0 - 6 0 ^  s u c r o s e  s o l u t i o n

1 0 . 0 0 . 0 0 2

P o t a s s i u m

F e r r i c y a n i d e

F e r r o u s  ammonium s u l p h a t e
0 . 7 0 2 2 0 . 0 0 0 1

S u l p h o -
s a l i c y l i c
a c i d

S a l i c y l i c

A c id

F e r r o u s  s u l p h a t e
' o r

F e r r o u s  ammonium s u l p h a t e  

F e r r i c  ammonium s u l p h a t e  

SO^ ) g . ( ) gSO^-. 24HgO

0 . 4 9 7 8

._g, .7022_

0 . 0 8 6 4

0 . 0 0 0 1  

0 . 0 0 0 1 ..........

0 . 0 0 0 0 1

T h i o g l y c o l l i c
a c i d

I r o n  w i r e 1 . 0 0 . 0 0 1

T h i o c y a n a t e F e r r i c  p o t a s s i u m  s u l p h a t e  

^ ® 2 (S 0 4 )2 .K g S 0 4 ,  34HgO

0 . 3 1 5 0 . 0 0 5

I n  a l l  i r o n  s o l u t i o n s  i t  i s  a d v i s a b l e  t o  ad d  s u l p h u r i c  

a c i d  t o  p r e v e n t  h y d r o l y s i s  o f  t h e  d i s s o l v e d  i r o n  s a l t s  t o  

i n s o l u b l e  b a s i n  com pounds .
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FIG.22
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In connection with the use of b u ffers ,  two s e ts  

of standard buffer so lu t io n s ,  having thé fo ld  owing I::;;; 

composition, were made up and standardised by the g la s s  

#nd quinhydrone e lec tro d es .

t ^H Composition Composition

i . HCl /  MCI
2 . HCl /  MCI —

3. NaOH, y  Phthalat e

4, 4 . A cetic  acid/sodium acetate

5. NaOH /  MHg PÔ ,5 II II

6 . ■ II • /' ' II : 6 II II

7. II II
‘ • % Borax/boric acid/NaC1

8 . II - ■•If . " 8 II II II

9. NaOii /  'Boric aoid^ 9 ’ r II If II

1 0 . II II — ■

1 1 . HCl/ Na  ̂ CO3

References Î" I .  Julius  Grant "measurement of H-ion
concentration", Longmans, 1930, p . 142.

I I .  Lowry & Sugden "Class-book of Physical  
Chemistry," McMillan, 1930, p . 375.
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Solutions  were prepared containing 10 ccs .  of 

standard iron so lu t ion  and 90 cos. of standard buffer  

s o lu t io n s .  These were l e f t  standing for  3 months 

( July-September) and examined.

No.

1.

pH

1.

Iron 
eonc^, 
per CO.. 
so lu t ion

0,0001

Buffer  
so lu ­
t io n  : .

MGl-t HGl ' : /

Result a f t e r  3 months 

Colourless: no hydrolysis

2. 2. 0.0001 MGlbHGl w r  ' II II '

3. 3. O.pOOl SuGcihlc' ; , 
acicl.^borax .

Basic compound p rec ip ita ted

4. 4. 0.0001 , A cetic  acidf-  
sodium acetate

Brown colours no p r e c ip i ta te

5. ; 5 . 0.0001 II . ' ; I I , Basic CQBipound prec ip ita ted :  
more than in 3.

6 , 6. 0.0001 II - II ..'■■■■' ' Basic compound p rec ip ita ted :  
more than in 5.

7 . — d.0001 No .Buffer Hydrolysis: Yellow 
p r e c ip i ta t e .

8. 0.0001, 0 .10 C O .  cone. 
HgSÔ  ■

Colourless; no p r e c ip i ta te .

I t  i s  evident that at 1 or 2 pH the hydrolys is  i s

supressed s u f f i c i e n t l y  to give  the so lu t io n  good keeping

p rop ert ie s .  I t  i s  recommended that standard iron so lu t ion s  .

for  pH work be.made up in t h i s  way with standard buffer

so lu t ion  of 1 pH. This w i l l  be found advantageous where

a reagent s e n s i t iv e  to hydrogen ion concentration i s  being, 
used. The usual haphazard addition of acid to g ive  iron 
so lu t io n s  s t a b i l i t y  w i l l  be avoided.



DETEEMIHATION OR.-IROH. , -

Method ( 1 ) 2 " Using Acetyl Acetone : CĤ . 0 0 . GUg. 0 0 . OĤ

Acetyl acetone g iv e s  a red co loration  with f e r r i c  

s a l t s  by formation of f e r r i c  acety l-acetone  due to the 

replacement of eh o lic  hydrogen.. A c e t y l .acetone i s  a 

co lo u r less  l iq u id :  b .p t .  ISV'^G.

S â â â ^ h t s Acety l" a c e tone - : O.50 per cent so lu t ion  i s

made by d i lu t in g  fr e sh ly  d i s t i l l e d  a ce ty l  acetone with c 

water or d i lu te  a lcohol .

81andard_Iron S o lu t io n :-  1 c c . equals 0,00002 gm. of 

iron. V"

SlRpedurei- The sample taken should contain 0.00005 to  

0.00006 gmv Fe, /  I t  i s  placed in  à. N essler  tube and 

2  CCS. of bhe a ce ty l  acetone reagent added; Standard 

tubes containing known àmoùhts ;of iron plus 2  ccs .  of 

reagent are matched with the sample.

Note s :" The sm allest  ainount of Iron which can be detected  

i s  given by Lyons ( l o c . c i t . )  as 0.000003 gm. Nitrogen  

oxides give  a brown colour and must be removed. Alkali  

and acids destroy or change the colour. The colour i s  

s ta ted  to be quite permanent, and i s  only s l i g h t l y  

a ltered  by strong su n l igh t .  The colour does not vary 

uniformly with  the height of the column of l iq u id ,  so the 

method of balancing cannot be used in comparing sample
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and standards. The amount of free  acid present must 

he the same in  sample/and:standards. ■

In aqueous so lu t io n .th e  f e r r i c  acety l-acetone  

complex i s  only s l i g h t l y  ion ised ,  hut i f  hydrolyses to 

f e r r i c  hydroxide.



IVIETHOD ( l )  ACETYL AGETONEi-^ E%PERI#NTAL^

(1) Test Limi t e  s- Standards were prepared using a

fe r r i c alum so lu t io n  and a 0.5  per cent so lu t ion  of

a ce ty l acetone . 2 C C S . of reagent used in each case.

No. Gms. Fe ; 
present  
in 50 CCS

Part 8 
per 

• m il l ion ;

?::X  ,
Fe in  
50 C C S .

/Remarks.

(1) 0,00001 - 0.2: 10 Almost white: yellow  
cdmpared with water.

(S) 0.00002 0.4 20 Pale yellow .

(3) 0.00003 , 0,6 30 S l i g h t ly  darker yellovf.

(4) 0.00004 . 0 .8 40 Yellowish pink.

(5) 0.00005 1.0 50 : It II

(6) 0 .0 0 0 0 6 / : 1 .2 ::60 ••

(7) 0;00010 r 2 .0 100 i Salmon pink.

Each sample was made to 50 ces* Mn; a N essler  g la s s .

Standard number seven was s t i l l  of the same colour 

a f te r  three days. Below 0,00005 gm. of Iron the colour  

was not d i s t i n c t l y  pink and t h i s  would appear to he the 

lower l im it  of the t e s t  for  quantita t ive  work.

(2) Eff e ct of Buffer Solutions:  optimum pH.

N essler  g la s se s  vfere prepared using ca re fu l ly  standard­

ised  standard buffer so lu t ion s  and adding to these 5 ccss;; of 

the a ce ty l  acetone reagent and 0.00005 gm. of Fe in each case
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EFFECT OF BUFFER SOLUTIONS’ ON ACETYL-ACETONE 

REACTION WITH IRON.

No. pH of :
Buffer
so lu t ion

Remarks

1 1.0

2 2 .0

3 3*0

4 . 4 .0

5 : 5 .0

6 6 .0

7 7 .0

8 8 .0

9 9.0

10 / 11.0

11 5 ccs 
. HCl 1

pH of so lu t ion  
a f te r  mixing.

P i n k  ; 1 . 2

O ran g e  P i n k 2.0

Ye1 1 0 wi 8h " 0 r a n g e - p i n k  : ' 2 .8

O r a n g e - y e l l o w 3.7

D eep  y e l lo w , 4.9

P a i e  y e l l o w 5.8

P a l e r  t h a n  (6) 6.75

H V ( 7  ) 7.6

" " (8) .8.9 .

A lm o s t  c o l o u r l e s s  . b 10.8

12 No Buffer  
(blank).

Deep Pink 

D irty  orange-pink.

Below 1.0  

3.3

The d i s t i l l e d  water used had a pH value of 6 .7 ,  

and the iron so lu t ion  as prepared showed pH 1 ,6 .

There was no evidence of fading a f t e r  3 hours. 

pH i s  ev id en t ly  important here: i t  shohid be 1 .0  pH

or below, and always in the acid range.
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ACETYL- AGS TONS:- ( 5 )  SFFECT OF SUGRQSS. ON. CQLOURS .. PllQLUCSD.

Standards were made with the addition of varying  

amounts of sucrose. The iron present was 0.00005 gm, 

for  each tube, with 2  ccs .  acety l  acetone reagent added.

No, Gms, 
Sucrose Fe in 

50 CCS
Remarks

1

2

3

4

5

6

0.625

1*25

2.50

5.0

1 0 . 0

Blank

50

50

50

50

50

50

Colour gradation was good 

but the colour in the blank 

(No.6) vms d i s t i n c t l y  darker 

than even No. 1. The so lu t ion s  

containing 5 and 10 gms. of 

sucrose were co lo u r le s s .

The. above t e s t  shows that ace ty l  acetone i s  u se le s s  in 

presence of sucrose.

(4) ESTIMATION OF IRON IN ASH- OF, SUGAR PRODUCTS USING 
AGETYL^ACETOmT" ™ .

-------------------  S â l - G â n t _ s M w n _ p n _ . p r i g i n ^ p r p d u c t
#  A_S^H ___ % I R O N   III „l2l I i l lNo, Sample

1 Egyptian 
molasses

2 Natal  
molasses

3 Java Raw 
sugar

4 Demerara Raw
sugar 0.37

13.49 13.33

11.84 12.03

0.54 0.55

0.36

0.0022 0.0028

0.032 0.018

0.0010 0.0013

0.0008 0.0010

( l )  and (2) are duplicate;
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•pRtermlnatlon of Iron /by A cety l-acetpne .  

Readings In Spelcker Ptaot.o.el .ectric._AbsorEtiometer

Eo. Fe P .P .M . Fe: 
i n  50 CCS.

Mean ' S c a l e  
R e a d in g s . .

1 , . ' 9\ :{ , 450  : s t a n d a r d
2 8/ 400  ■ ,0 2 6

■ 5 ► 7 : 350 . .0 3 1
4 , / 6 . - '■ 300:  ' . 0 3 8
5 : '5 ■ : 250 ; . 0 4 3
6 > '' :4 . ; 200  ' ' . .050

r 7 150 • .060
8 2 :■ ■■' -, loo . 07 0
9 - ^ ' 5 0   ̂ ; , 086 .

10 0 . 2  ' i z ;"lA) r' : . 1 0 0

—ESTIMAT IO N  Of IRO N  »y ACETYL A C E T O N E —

wo
C O L O U R - F IL T E R -  

—If) 6—

• 0 4  6 #  * 0 7  ' O t
-R E A D IN G S  IN A B 5 0 R P T IO M E T E R -

•02 ■OS •10

F I G.23
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AQBTYL AOSTOm , - ,

The r e s u l t s  for  iron in the ash of sugar products 

are s a t l s f àcto.ry* I t  was observed during these t e s t s  

that the reagent did not deter iorate  on standing for  over 

three; months: f r e sh ly  prepared and,three months old :

so lu t io n s  gave the same r e s u l t s  $

The method cannot, be used in presence of sugar; 

the l i m t  for  quantita t ive  estimation appears to be 

0.00005 gm. Iron, and the pH value i s  preferably  kept 

below 1 *0 f  or: the best development of colour.

V X Gamma i s  one m il l io n th  part of à gram, 

equivalent to 0.000001 gma Thus in the above experiments 

0.00005 gm. of .iron>represents 50 gamma and a lso  i s  1 part 

per m il l io n  s ince i t  .was made up to 60 cos.
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SITSRMIHATIOI OR_IHONs-

M e t h p Î- Uslng„AlIpxaniin^ GgHgOgN .̂ 2H^0.
Alloxantin  g iv e s  a blue colour with f e r r i c  s a l t s  

in a lk a l in e  ta r tr a te  so lu t io n .  The s e n s i t i v i t y  i s  

said to be 1 part per m i l l io n .  A v i o l e t  blue  

p r e c ip i ta te  i s  given with Baryta - water.

Reagents:- A lloxantin .  0 .1  gm. d is so lv ed  in 10 ccs .  

of B/]_ cau st ic  soda. I f  rose coloured i t  i s  boiled  

and then cooled.

Standard Iron S o lu t io n :-  A f e r r i c  so lu t io n  i s  s e le c te d .

Procedur e :-  The colour produced in . th e  sample tube 

i s  matched with standards. . The blue colour i s  d i s t in c t  

when 1 GO. of the a l loxan tin  reagent i s  added to 2  ccs .  

of a so lu t io n  containing 0.001 gm. of Perric  Iron per l i t r e  

The lowest l im it  of s e n s i t i v i t y  i s  a few tenths of a 

milligram per l i t r e  (D eniges) .  .

Tartaric and c i t r i c  acids.which hinder the reaction  

of iron with  s a l i c y l i c  acid ,  thiocyanate or ferrocyanide  

do not seem to in te r fe r e  here, and even appear 

favourable.
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MilTHOD ( 2 )  ALLOZAP™  EXE1ÏÏRXÏMTAL.

( l )  Test L im its;-  1 gm. of reagent was d isso lved  and

made up to 100 ccs .  with H caust ic  soda. The colour
1

of the so lu t ion  was a very pale green, and thé s a l t  was 

d i f f i c u l t  to d is s o lv e .

Standards were made up with varying Iron content,  

using 5 C C S .  of the a l loxan tin  reagent and making to 

50 CCS* in Hessler g la s s e s .

Ho. gms.
Pe
present  
in 50 CCS

Parts
per
m il l io n

*

n
Pe in  
50 C C S .

Remarks.

( 1 ) 0 .0 0 0 0 0 2 : 0 . 0 4 2 1 Very l i t t l e  d if ference

(2) 0 . 0 0 0 0 0 5 0 . 1 5 , -between these:

( 3 ) 0 . 0 0 0 0 1 0 . 2 10 j neverthe less  detectab le

(4) 0 . 0 0 0 0 2 0 . 4 20 : : : Sharply d i s t in c t  from 
Ho. 3.

(5). 0 . 0 0 0 0 3 0 . 6  :  ̂ .30

(6) 0 . 0 0 0 0 4 0 . 8 40 j

(7)
Colours.well graded.

0 .0 0 0 0 5 1 . 0 50 I

(8) 0 . 0 0 0 1 0 2 . 0 100 )

Thé colours appeared to be f a i r l y  permanent; 
there was no fading a f te r  2 hours. The rea l  blue 
colour only commences at 20 gamma, and the s e n s i t i v i t y  
can be taken as commencing at t h i s  f ig u r e .

(2) Optimum pH:- Standards made up with Buffer so lu t ions  
of known pH with 0.00005 gm Iron and 5 ccs .  of saturated  
a l lo x a n t in  reagent without caust ic  soda, present in 
each case.
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( 2 ) 1EM££»GP„BOTPER_S OLOT ï  ÜHŜ ON̂ ALL

' '  , ï i ïS - , î52S^

Ho. pH of Remarks. pH” a f ter .
Buffer mixing,
so lu t ion

(1) 2 .0  Colourless 2 .1

(2) 4 .0  : ** . 4 .05

(3) 6 .0  " . , 6.15

(4) 8 .0  Yellow-green 8 .0

(5) 9,0. ' Green . 9 .0  '

(6) 11.0 ; Dark green . , , 11.0  -

(7), Ho Buffer 1 ’ 1  -, .
(blank)

; Hext morning a l l / t h e  tubes w e r e . id e n t ic a l  in 

colour, numbers (5) and (6) being s l i g h t l y  more 

yellow than the others; the general colour was: a .  

da-rk green.

This reagent appears to be much b e t ter  in the 

a lk a l in e  range, the development of colour being hindered 

by a c id i t y .  In above experiments the colour developed 

more f r e e ly  on standing,

( 3 ) l £ f  eçt_..of_Suçrose_on_ç^ours_p.roduçed: -

Varying amounts of sucrose were added to Hessler

g la s se s  each containing 0.0001 gm of Iron. After

so lu t ion  was complete, 5 cc. of the a l lo x a n t in  reagent 
were p ipetted  in , and the e f f e c t  observed.



No.
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gmSé Pe
sucrose

i n  50 PCS.

Remarks

( 1)

( 2 )

( 3 )

(4)

5.0  

2.5  

1.25-

5 .0

100 

 ̂ 100,

:;fioo:

Nil

In order of amount of 

sugar present as far  as 

colour went - the more 

sugar thé <le8s co lour . 

Colourless -  no reactipn.

The colburs' ohanged in presence of sugar from 

the r ic h  blue with, ,a tingp pf pürple f  ound in the or ig in a l  

standard so lu t io n s  to a faded redclish purple.

Evidently  t h i s  reagen t•d sfu se less  in presence of sugar 

and no further t e s t s  were madev ' ,
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- ' D B Œ R M I H A T I O H  I R O H . .  ' ' ' ■ • V. V

l e t h M - i S iS ’' naiàg_AmmoniMm_SulBhlde,, ' _

BesQElaMpn Qf the Sulphide- Colorimetric Methods - (Eastick:  

Ogilvie_&_Linfie ld). ,. ,

8 t oçk_8o1u t i on_of_Iron:-  10 gms, of pure ferrous,sulphate'  

Pe80^.7H^0 are d isso lved  in a 50-6,0 per cent sucrose  

so lu t io n ,  with addition of a few- drops,, of sulphuric acid,  

and made to 1 l i t r e .  The acid should be la r g e ly  1

d ilu ted  with watef before ad d it ion . i J i  /

This stock so lu t io n  i s  d ilu ted  with water as., 

required « e .g .  10 ops.t;to 100 c o s , and 50 c c s . of th is  

so lu t ion  t'bQBGO ops.,, t h i s  giving_a so lu t  xdn Pont aining  

0.000002 gm. Ee per Pcy. - 'A f ' - . t -

Determination bfi. Ifbns^ ' ' Ebf l ig h t  coloured/products  

3 to 10 gms. of the sampley depending gn the amount of  

iron p resen t ,, are d isso lved  in-w ater in  a Hessler  

cylihder and made up to 50 c c s . / \

Into a s e r ie s  of Hessler tubes of the same height  

and diameter as that used for the.sample are placed  

increasing amounts of the standard iron so lu t io n ,  and

the volumes are completed to 50 ccs .

To each cylinder 2 ccs .  of  ̂f r e sh ly  prepared ammonium 

monosulphide;so lu t ion  are now added and the contents  

s t ir r e d .  After 10 minutes the cylinder containing  

the sample i s  matched with one of the standards. Both
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then contain the sarae quantity of iron, that i s ,  the
' - ' of; : / : : ; ' . .. . - - ' - ' - ''.
quantity / iron  in the sugar used. The cy linders should:

stand oh white g la s s  in making the comparison.

The sulphide i s  prepared by saturating ammonium 

hydroxide w # h  sulphurett^ed hydrogen, and then adding 

an equal volume of: ammonium hydroxide. .

In. the case of dark sugars, the material i s  

incinerated  w i th : the addition of. ir o n -free  sulphuric  

acid , burning a t f th e  low est/bossib le-  temperature// The/ 

ash i  8 di ssoIved in à minimum qdaht ity; :of iroh-  f  fee v

hydrochloric ac id ,  and tlie iron i s  estimated in th is  

s o lut i  on as :desoribed abpye y  ̂ ' /^ - f

The advantages/c l  aime;d fo r  t h i s  method are ; -

(1) Incineration  i s  h o t  nècèssafÿrexcept for dark . 
coloured products. ' p 
Hqte;- /The ferfocyanide methodffor iron i s  .. 
sta ted  by Bailey  [Brewerfs Analyst, iCegan Paul,

. , 1907J to be capable of app licat ion  in presence
of sugar, provided thé colour of the sample i s  

/  /  not dark. The ferrocyanide method i s  described
la t e r  in  t h i s  s e c t io n ,  ; "k ,

( 2 ) The c o l lo id a l  ferrous sulphide f lo c c u la te s  ; very 
slowly., _ '  ̂ ' :: " - -

( 3 ) The s ta te  o f  oxidation of the iron i s  immaterial.

( 4 ) The maximum colour in te n s i ty  i s  quickly reached.

(5) The t i n t s  of standard and sample.are. u sua lly
id e n t ic a l .  ; ■ " *
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method, ( s i : -  ammohïum/ sulphide e x p s r ï i i i t ^ ^ „ „

( l )  Test L im its:-  I t  was found that with white sugars 
the lowermost l im i t  of d etec t ion  was 0 .1  part per m i l l io n .

Standards:- The standard EeSO. so lu t io n  in sucrose

was d i lu ted  .so that 1 cc. of i t  contained 0.000005 gm.

of iron per cc .  ( =  5 gamma). Standards were prepared

as usual in H essler tubes by talcing 1, 2, 4, 6> 10, 15

and 20 ccs .  of the iron so lu t ion  (thus ranging from

5 to 100 gamma), and adding L cc. of f r e s h ly  prepared 
. ammonium sulphide^ and making up to 50 ccs .  .Colours ‘

from very f a i n t  blue to deep green-blue were obtained

in success ive  concentrations* ,

Raw Sugars:- 25 gms. of-raw sugar was d is so lv ed ,  made

to 200 cos ,  and f i l t e r e d : u s in g  Kiaselguhr. 10 cos. of 

t h i s  f i l t r a t e  representing 1.25 gms. o f . sugar; were 

p i p e t t e d .into  a .H ess ler  g la s s ,  1 cc. of the ammonium 

sulphide added, volume made to 50. ccs ,  and the tube 

matched- against the standards.

On addition  of the ammonium sulphide the already  

yellow dr brown colour of the sugar so lu t io n  was . 

in t e n s i f i e d  without producing any appreciable blue t i n t .  

The colour-matching in the comparator could only be 

done very roughly as the t i n t s  of sample and standards 

were h o t  id e n t i c a l .



Tests, using ,5 GGs. of thé sugar so lu t io n  were 

l ik ew ise  unsatisfaotory ,:  ekcept where the raw sugar 

was f a i r l y  l ig h t  in colour. / , ^

COMPARATOR a - The arrangement in the comparator i s  here 

shown.:- ' \ : ' ' ■ ' v-
P ig .  24.

sugar so lu t ion  
alone

standard

sugar 8olut i on 
plus reagent

d i s t i l l e d  water

Telescope ,

Pour Hessler g la s s e s  were arranged as shown the

yellow Qblpur of  th e  sugar so lu t ion  being thus common 

to both s id es  of the. comparator. . :

When l e f t  oTefnight the standards dh^^kehed considerably  

and unevenly . : _ '

AIMOHIUM SULPHIDE:- IROH IH SUGARS BY DIRECT METHOD:-

Sugar

West Indies  

San Domingo 

Hatal

Demerâra

Java

Mauritius. 

White; Beet

Amount 
- i u k e n  _

10 ccs .

,10 ccs,.

10, C C S .

10 C C S .

10 CCS.
10 CCS.

10 gm s.

%
. I r o n ___

0.0088

0.0040

0.0032

0.0016

0 .0 0 1 2

0.0020

0.0002

% Iron 
,M_§shing.

0.0080

0.0031 .

0.0040

0.0023

(0.0013
(0.0019
0,0016

0 .0 0 0 0 9
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AMMOHIim SULPHIDE . mTEOD APPLIED. TO A8E OP_8UGm_PE0DU0T8_.:

The ash was deteriniried in duplicate  by sulphatioh  

and in c in era t ip h ’ in the usual way. The ash was 

d isso lved  i n t 5 CCS. of concentrated hydrochloric acid,  

boiled  for  5 mi h u te s , ' f 1 11 ered, neutr a l i s e d ,  and made 

up to 250 ccs .

10, 20 or 40 CCS. of the ash so lu t ion  were p ipetted  

in to  the Hessler tube and the reagent added. The tubes 

were then matched with standards.

Ho. ' Sample Ash 
minus 

10';:

% Iron

1 Egyptian' , 
Molasses

1 3 . 3 3  
1 3 . 4 9

0 . 0 8 1
0 i 0 1 3

2 N a ta l ,
Molasses

1 2 . 0 3 '
1 1 . 8 4

0 . 0 0 8 6 .
0 . 0 1 5 0

3 Java.
Raw,Sugar

0 v 5 5 ,
Q.,54

0 . 0 0 1 3
0.0019

4 Demerara 
Raw Sugar

0.36
0.37

0 . 0 0 2 4
0 . 6 0 2 2

5 West Indies  
Raw Sugar

0.48  
0 ; 48

0.O023
0.0019

6 • San Domingo. 
Raw Sugar

0.46
0.49

0.0026
0.0036
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Ho. Sample % Ash 
mihus'-

 ̂ J

% Iron -

7 Hatal 0.37 0.0039
. Raw Sugar 0.39 0.0041

 ̂8 ^ Mauritius’ 0.34 0 .0 0 1 2 ...
------Raw_Suaar_________.0^35___ __Qi0020__

9 White Beet Sugar 0.018 0.00067
0.019 0.0001I

Di 8 eus s io n :-  The,, r e s u l t s  for . ràwf-sugars dre much more 

0 b n si81ent ĵ t̂hah those f  or molasses. /  ' "I

Thé agreement between the d ireot est im ations and the 

ashing r e s u l t s  i s  good .except in  the case of the white  

sugar .where' the/ash^^laethod/result i s  much lower, probably 

due to v o l a t i l i s a t i o n  of s a l t s  ih thé bu rn in g-o ff .

In the case u f  the two molasses,smnples* the 

agreement be tween the d u p lib a tes ; i s  extremely poor. .

The c o l o u r ‘due to the ammonium sulphide was found to 

require at l e a s t  20 to 25 minutes for  f u l l  development.

I t  was found e s s e n t ia l  to prepare ..the reagent on the day 

of use: with even f a i n t l y  yellow ammonium sulphide a much

brighter green colour i s  produced, and the proper 

gradations of colour do not occur*

: .With white sugars the method i s  be tter  than with

raw;sugars, but i t  seems. inadvisable to use i t  in presence  

of even moderately dark colours.
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: OP IRON.

Method ( 4 ) : -  Using Dimethylglyoxime GHr-G-C—Gih
\  ^

HOH HOH
. . Dimethylglyoxime,in a lco h o l ic  so lu t io n  added 

to a so lu t io n  containing' ferrous iron produces a bright  

red colour due to P^( 0^1^^^2^2 2̂  ̂ one of the dximino 
hydrogen atoms being replaced by an equivalent of iron,  

followed by;co-ord ination . /T he.iron  i s  conveniently  

reduced by s o l id  hydrazine/sulphate .

R e a g e n ts ; - . Dimethylglyqxime f'A saturated so lu t ion  

in 95 per cent e thy l  a lcohol i s  used.

Armon ia - 25 per cent so lu t io n  of r e d i s t i l l e d  ammonia. 

Sta ndard Iron Bolution - Prepared from ferrous ammonium 

su lp h ate ;■ l c c > ,  equals 0*00002 gm. Pe.

Procedure -, The iron content, o f / th e  sample; should be 

0.01 to 0 .06 gm. per l i tre ; ,  Take ;50 ccs.. of the sample,, 

add 1 gm. of hydrazine sulphate, 5 ccs .  of the Dimethyl-  

■glyoxime so lu t io n  and heat to b o i l in g .  Add 10 ccs .  of 

25 per cent ammohia so lu t io n ,  continue b o i l in g  for  h a l f  a 

minute, cool rap id ly  and d i lu te  to 100 ccs .  for  comparison. 

The colour matching may be made by any of the usual methods.

Notes:- The minimum amount-which can be detected is less 
than 0.00005-milligram. Magnesium may interfere and the 
method cannot be used in the presence of relatively large 
amounts of aluminium or zinc. /
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( l )  Test_Li2n i t s : -  Using standard ferrous iron so lu t ion s  
a f â int  pink colour was obtained with 1 part of iron in  
5 m i l l i o n s . .. .

(8). #Zfeot_ 2 f_different__Sgff^^ lo  ocs. of

stoQlc so lu t io n  was taken in a b o i l in g  tube, Jand 0 .3  gm. 

of. hydrazine sulphate was added, followed by 5 oos. of

the saturated a lc o h o l ic  solûtibhbpf dimethylglyoxime,

The so lu t ip u  to about 40 ccs .  with the

required b ü f f e r / so lu t io n ,  h e a td d to  b o i l in g ,  cooled  

rapidly ,  washed"'into a 'Hessler g l a s s - and%à^ up to 50 ccs .

The b u ffe fs  used were of pH 1, 2, 3, 4,. 5, 6, 7, 8., 9.

and 11. /  Ho colour appeared , in/' the ac id range : wi th pH

9; and 11 a f a ih h  ye l lo ic ish  t inge ; appeared.

(3) With A & ohia:-  Prepared /so lutions as , above using  

10 COS. of 28, per oeht amnonia; in o f  fthe buffer .

Boiled for  h a lf  a minuteYCOoledt and made to 50 ccs

in a Hessler g la s s .  A b r ig h t•yellow colour appeared 

which faded, gradually to pale orange in a few minutes.

The so lu t io n s  were made containing varying amounts of .  ̂

iron, and"the r e s u l t s  are shown in  the tab le  below.

The colour for  each amount wqs a bright red of 

d if fe r e n t  in te n s i ty ,  but t h i s  faded to the pale orange

colour on standing, when a gradation of colours could be

seen. This gradation was not e n t ir e ly  regular ,  the 

40 gamma tube being deeper in colour than the 50 gamma.
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A minimum of about 15 minutes appeared necessary  

before judging the colour.

In th i s  method much seems to depend on the mode 

of heating before adding the ammonia. —

I f  heated ju st  to b o i l in g -p o in t  a pure pink colour  

develops , but i f  i t  i s  boiled  even for  a second or two 

before adding ammonia a ye l low ish  pink colour i s  obtained  

which i s  much l ig h te r  than the::pink colour..  The method 

appears to be n e ith er  very convehlënt nor very r e l ia b le ,  

but i s  sen s i t iv e .^  - /  j ' .

With/sugar so lu tions / itoed ia t;^  fading/1  opk p lace ,  

and the colourp ŵ^̂ very much l i g h t e r  than those obtained  

in absence dîT/sub rose. i

Ho. gms. Pen: ,, " ' 
preeeht ih  
50 CO 8.

6
He in . 

___50_çç^ .

■ ' Part s ■
■ per, ' 
m il l io n__

Remarks.

1 Ô.0000025 :;"o;o5 P a in t ly  pink.

, 2 6.000005 5.0 "0.10 ) H àir ly  w ell

3 0.000020 20.0
J

0.40 ) \ graded - ye l low ish

4 0.000040 40.0 . 0 .80 ) :pink shades.

5 ,0.000050 50.0 1.00 Deep pink.

6 _o^ ooo io____^iQO^o__. _Beeg_glnk.____ '----------

The a lk a l in i t y  necessary i s  apparently outside the 

pH range. ' "" ' ,

The need for  b o i l in g  i s  the worst feature  of the, 

method. I t  i s  v a lu e le s s  in presence of sugar.
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Methbd ( 5 ) ; -  Usina Dl-Nltrosb Resorcinbl C„H„0„ (¥0H)2,.H;Û
.  ̂ - ^ 2 2  ■/■<;>

D in i t io so  resoro.inol g ives  an o l ive -gréen  colour  

with so lu t io n s  "containing f e r r ic  iron,  ̂ , /

Reagent:- D i-M tro so -reso ro in o l  s o lu t io n : -  th i s  i s  : 

prepared by adding excess to b o i l in g  water and f i l t e r i n g .  

The so lu t ion  i s  made ju s t  previous to use.

Procedure:- The f e r r i c  hydroxide p rec ip i ta ted  from the 

samp 1 e i s  d issp lyed  in  the lea.st p o ss ib le  quantity of 

hydrochloric acid and nearly  neu tra l ised  with sodium 

hydroxide; 2 to 4 ccs ,  of the reagent i s  added, keeping 

hot while making t e s t a n d  ra, f  ew c r y s ta ls  of sodium 

acetate  are dropped inV/./ /  /

: /Iron  givOe/X g r e ^  precipitate; or colour.

The so lu t io n  must;h be /s trongly  acid .

-o n ly 'q u a l i ta t iv e ly  //  ̂ ' ■■:/ /  /
Notes:-  The methed has beehyexëmined by Nichols and

Cooper (;J.Am. 47 , 1 2 # /  4 9 2 # ) .  '

,S o lu t io n s , in 50 per cent a ce t ic  acid .or 50 per cent

alcohol were not so s e n s i t iv e  as the, aqueous so lu t ion .

I t  was found that the sodium acetate  coagulates the

p r e c ip i ta te  and darkens the colour. ,

The s e n s i t i v i t y  appears to be about 3.5 parts per

m il l io n .  .
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(1 ) .  R e a g e n t ; -  T h e - s a m p le  o f  t h e  s o l i d  r e a g e n t  o b t a i n e d  

was a  d a r k  brown c o l o u r  an d  on b o i l i n g  w i t h  w a t e r  g a v e  

an  o p aq u e  brown s o l u t i o n .  On b o i l i n g  w i t h  d e c o l o r i s i n g  

: c a r b o n  a n d  f i l t e r i n g ,  t h e r e  was no c h a n g e  i n  “t h e  c o l o u r .  

I t  was- t h e r e f o r e  a c c e p t e d  t h a t  t h i s  d a r k  brown c o l o u r . , 

was  t h e  n a t u r a l  c o l o u r  o f  t h e  p r o d u c t :  t h i s  compound

i s  d e s c r i b e d  i n  H e i I b r o n  * s ’D i e t i p n a r y •o f  O r g a n i c  

Com pounds" ,  a s / b e o u r r i n g  i n - b r o n z e  l e a f l e t s .

W i t h  2 - 4  c p s . ^ 6 f  t h e  r e a g e n t  an d  s t a n d a r d  i r o n  

s o l u t i o n s , '  t h e  b o l b u f s  werd̂^̂^̂ ^̂  t o o  brown t o  d e t e c t

d i f f e r c n p e s / i h  . th e  g r e e n  t i n t s ,  h  A b o u t  3. d r o p s  g a v e  t h e  

r e q u i r e d  oT ive /  g r e  o o l q u r y  ; -

S o l u b i l i t y 5- The; compound w a s ; p r a c t i c a l l y , d n s o l u b l e  i n  

m o s t  o f  t h e  o r d i n a r y  s o l v e n t s  -  e t h y l  a l c o h o l ,  e t h y l  

ac  e t  a t  e , e t h e  r , t o l u e h e , c h i  o r o f o r m , a n y ! c a l c o h o 1 .  v 

W i t h  e t h e r  an d  i r o n  s o l u t i o n  a  d ep p  g r e e n  / t i n t  was l e f t  

• i n  t h e  w a t e r  l a y e r  -  t h e  e x c e s s  o f  r e a g e n t  r e m a i n i n g  i n  

t h e  e t h e r  l a y e r .  I n  m e t h y l  a l c o h o l  t h e r e  w as  s l i g h t  /  

s o l u b i l i t y .  ' ■

10 d r o p s  o f  r e a g e n t  w i t h  0 ,0 0 0 2 5  gm, o f  I r o n  

s o l u t i o n  made t o  50 c c s ,  i n  a  H e s s l e r  g l a s s  g a v e  a  f i n e  

o l i v e  g r e e n  c p i o u r ,  b u t  t h i s  t o o k  s e v e r a l  m i n u t e s  t o  

d e v e l o p ;  A d d i t i o n . o f  s o l i d  so d iu m  a c e t a t e  i n t e n s i f i e d  

t h i s  c o l o u r  -  m a k in g  i t  a  f  b lu e r" , ;  g r e e n .
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( 2 )  T e s t  L i m i t s : -  P r e l i m i n a r y  e x p e r i m e n t s  u s i n g  

3 d r o p s  o f  t h e  r e a g e n t  w i t h  a m o u n ts  o f  i r o n  r a n g i n g  

f r o m  5 t o  100 gamma g a v e  y e l l o w  c o l o u r s  i n  t h e  H e s s l e r  

g l a s s e s  w i t h  p o o r  g r a d a t i o n  o f  t i n t . T h e s e  c o l o u r s  

w e re  i n t e n s i f i e d  by  a d d i n g  s o l i d  so d iu m  a c e t a t e  v /h ich  

a l s o  g a v e  b e t t e r  g r a d i n g ,  . A f t e r  s t a n d i n g  o v e r n i g h t  

t h e s e  s t a n d a r d s ,  w e re  much g r e e n e r ,  b u t  t h e r e  was s t i l l  

p o o r  g r a d i n g .  E x p e r i m e n t s  w e re  now made u s i n g  b u f f e r  

s o l u t i o n s  a s , d e t a i l e d  b e lo w  ( s e c t i o n  3) a n d  3 , 0  was 

s e l e c t e d  a s  t h e  op t im um  pH ( U s in g  so d iu m  h y d r o x i d e -  

p h t h a i a t e  b u f f e r  s o l u t i o n ) .

T e s t u s i n g . 3 _ d r p p s 2 r e a g e n t ^ a t  3jj_0 dH .

Ho, ' gms,
. Pe
p r e s e n t  
i n  50 CCS,,

P a r t s
p e r

. m i l l i o n
Pe i n  
50 CCS

R e m a r k s ,

1 0 ,0 0 0 0 0 5 0 . 1 0 5 The s o l u t i o n s  w e re  made

2 0 .0 0 0 0 1 0 0 . 2 0 10 up  w i t h  3 , 0  pH B u f f e r

; 3 0 .0 0 0 0 1 5 0 . 3 0 15 s o l u t i o n ,  3 d r o p s  o f

4 0 ,0 .00020 0 . 4 0 20 r e a g e n t  an d  3 d r o p s  o f

5 0 , 0 0 0 0 2 5  . 0 . 5 0 25 s a t u r a t e d  s o d iu m  a c e t a t e

6 0 .0 0 0 0 5 0 1 . 0 50 s o l u t i o n  b e i n g  a d d e d .

7 0 ,0 0 0 0 7 5  ; 1 . 5 75 The a c e t a t e  s o l u t i o n  was.

. 8 0 .0 0 0 1 0 2 . 0 100 a d d e d  l a s t .  The c o l o u r  

g r a d i n g  was n o t  v e r y  

m a rk e d  a f t e r  10 m i n u t e s .  

L e f t  o v e r n i g h t .
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H ex t  m o r n i n g  t h e r e  c o l o u r s  w e re  e x t r e m e l y  w e l l  

g r a d e d  -  t h e  2 p a r t s  p e r  m i l l i o n  t u b e  was a l m o s t  t o o  

d a r k  f o r  good  c o m p a r i s o n ,  . I t  i s  e v i d e n t  t h a t  t h i s  

d e v e l o p m e n t  o f  c o l o u r  i s  v e r y  s lo w ,  w h i c h  w o u ld  be a  

b a d  f e a t u r e  i n  c o l o r i m e t r i c  a n a l y s i s .

; ( 3 )  E f f e d t  o f  B u f f e r e s o l u t i o n S X "  Optimum pH.

T e s t s  w e re  made a s  w i t h  o t h e r  i r o n  m e t h o d s ,  u s i n g  

s t a n d a r d  ; b u f f e r  s o l u t i o n s . r a n g i n g  f r o m  1 t o  11 pH. I t  

w a s - f o u n d  t h a t  b o r a t e  b u f f e r  s o l u t i o n s  i n t e r f e r e d  g i v i n g  

a  b l u e  C o l o u r - i n s t e a d  o f  t h é  b l u e - g r e e n .  

$ l £ e c t ^ p f / . B i i f f i r ^

' S o l u t i o n s  c o n t a i n i n g  I  p.p. 'm-, o f  i r o n  w e r e  t r e a t e d  

/ w i t h  3 d r o p s  o f / r e a g e n t ,  3 d r o p s  o f  s a t u r a t e d  so d iu m  . 

a c e t a t e  s o l u t i o n ,  a n d  made, t o  5Q c o s .  w i t h  s t a n d a r d  - 

b u f f e r ,  s o l u t i o n s .  "The c o l o u r s  o b t a i n e d  a f t e r  1^  h o u r s  

. a r e  d e s c r i b e d  b e l o w .

The b u f f e r s  u s e d  w e re  f r e e  f r o m  b o r a t e .

Ho. B u f f e r
S o l u t i o n  R e m a rk s .

          _

L i g h t e r  t h a n  (3 )
O l i v e - g r e e n  

’ Deep  g r e e n i s h  b l u e  « b e s t  c o l o u r .
. Same t i n t  a s  ( 3 )  : s l i g h t l y  l i g h t e r  

O l i v e  g r e e n  -  p a l e r  t h a n  ( 2 ) .
P a l e  g r e e n i s h - y e l l o w .
P a l e r  g r e e n i s h  y e l l o w  t h a n  ( o )
More y e l l o w  t h a n  ( 7 ) .
L i g h t  y e l l o w .
D eep  y e l l o w .
Deep .o l i v e - g r e e n - d e e p e r  t h a n  ( 2 ) ,

1 1^
2 2
3 3
4 4
5 5
6 6 ,
7 7
8 *. 8 .
9 9

10 11
11 ; B l a n k
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T h e s e  r e s u l t s  show t h a t  d i - n i t r o s o - r e s o r c i n o l  

h a s  a l m o s t  t h e  p r o p e r t i e s  o f  an  i n d i c a t o r .  The c o l o u r s  

i n t e n s i f y  v e r y  s l o w l y ,  so t h a t  s t a n d a r d s  a n d  t e s t  

s a m p le s  s h o u l d  he made up  a t  t h e  same t i m e ,  a s  t h e  

t i m e  f a c t o r  i s  o b v i o u s l y  v e r y  i m p o r t a n t  h e r e .  The 

am ount  o f  s o d iu m  a c e t a t e  a d d e d  t o  i n t e n s i f y  m u s t  a l s o  

be c a r e f u l l y  . c o n t r o l l e d .

- ( 4 )  E f f e o t y n

Iti  t h e  p r e s e n c e y p f  w h i t e  s u g a r s  t h e r e  was  no 

f a d i n g  o f  c o l o u r ,  / b u t  r a t h e r  i n t e n s i f i c a t i o n ,

; X A raw  s u g a r  ; ( San  D o m in g o ) was u s e d  f o r  e s t i m a t i o n  

o f  i r o n . b y  t h i s  m e th o d ,  àn d  g a v e - a  r e s u l t  o f  0 . 0 0 0 6  

p e r  c e n t  i r o n  a s  a g a i n s t  0 .0 0 3 6  by o t h e r  m e t h o d s ;  

u s i n g  d o u b l e  t h e  q u a n t i t y  o f  s u g a r  0 . 0 0 0 7  p e r  c e n t  

was o b t a i n e d .  T h i s  d i s c r e p a n c y  a p p e a r s  t o  r u l e  o u t  

t h e  m e th o d  foi* q u a n t i t a t i v e  w ork  u n d e r  t h e  a b o v e . 

c o n d i t i o n s  ;
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DETERMINATION ON IRON. ; .

lSiNod_i6i:- . Hslag-7-Iad,D-8-Hydraxz=.Qui.naline,̂ .
5 - Su 1 "phqnic Ac i d .

GgH^H.OH.I.SOgH. ( " P e r r o n " ) .

T h i s  r e a g e n t  i n  a q u e o u s  s o l u t i o n  g i v e s  a  g r e e n  

c o l o u r  w i t h  f e r r i c  i r o n  w h i c h  i s  v e r y  s t a b l e  t o  l i g h t .  

E f o o e d u r e : -  5 d r o p s  o f  a  0 . 2  p e r  c e n t  s o l u t i o n  o f  

t h e  r e a g e n t  i s  a d d e d  t o  t h e  s o l u t i o n  u n d e r  t e s t ,  w h i c h  

i s  t h e n  made up  t o  50 o c n . y and  m a tc h e d  a g a i n s t  

s t a n d a r d s  p r e p a r e d  i n  t h e  u s u a l  way f r o m  a  s t a n d a r d  

f e r r i c  i r o n  s o l u t i o n .  /

N o te s  : -  The s e n s i t i v i t y  i s  a b o u t  1 p a r t  p e r  m i l l i o n .

The c o l o u r  i s  d e s t r o y e d  by  s t r o n g  a c i d s  o r  b a s e s :  pH

2 . 5  i s  an  op t im um  r e g i o n .

The m e th o d  may be  u s e d  i n  p r e s e n c e  o f  a l l  m e t a l s  

w i t h  c o l o u r l e s s  i o n s :  o n l y  c u p r i c  i o n s  i n t e r f e r e  u n l e s s  

t h e  g r e e n  c o l o u r  i s  m a sk ed  by t h e  p r e s e n c e  o f  e x c e s s  o f  o t h e r  

c o l o u r e d  i o n s .

W i t h  a  c o n c e n t r a t i o n  o f  a b o u t  1 i n  10 m i l l i o n s  a  

g r e e n i s h  y e l l o w  c o l o u r  i s  o b t a i n e d .  W i t h  h i g h e r  

c o n c e n t r a t i o n s  a  f u l l  g r e e n  c o l o u r  d e v e l o p s  w h i c h  i s  

a l m o s t  i n d e f i n i t e l y  s t a b l e .

R h _ E u n g e I n  i n o r g a n i c  c o m b i n a t i o n  i r o n  h y d r o l y s e s  

v e r y  s l o w l y  a t  a b o u t  pH3, b u t  a t  pH5 an d  ab o v e  more 

r a p i d  p r e c i p i t a t i o n  o c c u r s . , W i th  t h e  ab o v e  r e a g e n t  

m ore  a c i d  s o l u t i o n s  t u r n  b l u e - g r e e n ,  and  a b o v e  3 .2pH  

a  y e l l o w i s h  c o l o u r  a p p e a r s .  ■
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M ethod  ( 6 )  7 - I o d a = 8 - H y d r a x y - Q u l n o l l t m _ 5 - a ü la M a ia _ A ç M ;± .  

I s a e r l m e n t a l ! -

( 1 )  T e s t ' l i m i t a s - .  The r e a g e n t  i n  0 . 2  p e r  c e n t  a q u e o u s

s o l u t i o n  i s  a  b r i g h t  g o l d e n  y e l l o w  c o l o u r .  S t a n d a r d  

i r o n  s o l u t i o n s  w e re  p r e p a r e d  a s  b e l o w .

Ho. g m s . P a r t  s
Pe ■ _ _ . . p e r ' t  

: p r e s e n t  m i l l i o n

50 C C S .

Pe
50

i n
C C S

R em arks

:l :0.000001 : 0.02 1 : The c o l o u r s  w e re  w e l l  g r a d e d
2'-' 0.000002 " ,0 .0 4  , - 2. V 'f ro m :  Hos . 4 t o  9 b u t  v e r y
3 'O.0PQOO4::;/ :o.o8 . ■ ' 4 - much a l i k e  b e lo w  H o .4,
4 0.000005 : / o . l y 5 , . t e n d i n g  m ore  t o  y e l l o w  a s
5 0.00001 ; ov2 10 t h e  i r o n  d e c r e a s e d .
6 : 0.00002 t 0.4 t t ^ O , /T h e  l i m i t  o f  s e n s i t i v i t y  i s
7 0.00003  ̂ t  o #  / 30 t h u s  a b o u t  5 gamma, an d  t h e
8 0.00004 t  ' p .8"^-/ 40 l i m i t  o f  c o n c e n t r a t i o n  0.1
9 0 .00005  :: V ili.O , . 50 : , p a r t , p e r  m i l l i o n  u n d e r  t h e s e

c o n d i t i o n s .

(3 )  ëptimum^Bg:- . Msing__OiOOgoi%gm:
■ 5_d r p p s _ r e  a g e n t

Ho. pH o f  .
— - B u f f e r  

. S o l u t i o n

P e  i n  e a c h  t u b e  and

R e m a r k s .

V e ry  p a l e  g r e e n  
D a r k e r  g r e e n
a l m o s t  i d e n t i c a l :  maximum i n t e n s i t y
o f  g r e e n .
S l i g h t l y  m ore y e l l o w  t h a n  H o s .  3 a n d  4 .
Much p a l e r  y e l l o w - g r e e n
A lm o s t  c o l o u r l e s s
L e s s  c o l o u r  t h a n  Ho. 7
C o l o u r l e s s
C o l o u r l e s s .

1 1
2 2
3 3
4 4
5 5
6 6
7 7
8 8
9 9

10 11
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0m l ijaum_pH_c an  t i  nu  e d  : -

T h i s  r e a g e n t  i s  e v i d e n t l y  v e r y  s e n s i t i v e .  The l i m i t s  

o f  t h e  r a n g e  a r e  2 t o  4 pH.

I l l /  l £ £ â c t _ p f ^ s u g a r _ 0 n _ c o 1 o u r s  p r o d u o e d : -

I ^  ) /  B aw _8ugar  : -  I jL _ W ith o u t_ ad d @ a_ Iro n  : - '

i  S o l u t i o n s  w e re  p r e p a r e d  c o n t a i n i n g  1 . 2 5 ,  2 . 5  an d  5 . 0  gms.

o f 'S a h v p o m i n g p  Raw 8ug% r,  w i t h  5 d r o p s  o f  r e a g e n t  an d  2 d r o p s

o f  I f  HOI t o  A i j u s t  t o  o o f r e q t  % H,^range. T h e s e  s o l u t i o n s ,
" ; f / 7/.. ' /' . ' - ' ' ' ' ' '

w e r e  f o u n d  t o . h e  w i t h o u t  any  g r e e h  t i n t ,  t h e  y e l l o w  o f  t h e  

s u g a r ' c o m p l e t e l y  m a s k in g  a n y  d o l o u r  d e v e l o p e d  by t h e  

r e a g e n t  w i t h  t h e  i r o n  o r i g i n a l l y / p r e s e n t ,  i n  t h e  s u g a r .  

I ' l X _ m t h  I # n l M d e d : /  X ;  '

; T h i s  w a s ,f u r t h e r  t e s t e d r h y  a d d i n g  20 o o s .  o f  i r o n  

s o l u t i o n  t o  1 . 2 5 ,  2 ( 5  an d  5 . 0  gmsi o f  t h e  ab o v e  raw  s u g a r .

On a d d i n g  t h e  / r e a g e n t  t h e  o d lp u i ;  o f  a l l  t h r e e  was l e s s  

t h a n  t h e  1 o o .  s t a n d a r d  f o r  i o n ,  w h i c h  c o n c l u s i v e l y  showed 

t h a t  t h e  m e th o d  was v a l u e l e s s  i n  p r e s e n c e  o f  e v e n  

m o d e r a t e l y  c o l o u r e d  s u g a r s .

( b )  ï h i t e ^ S u g a r s ; -

Ho.

1
2

3
4

g m s . He
p r e s e n t  I 
an,.-50 JG OS

0.0001
0 .0 0 0 1

0 . 0 0 0 1
0 . 0 0 0 1

gms.
S u c r o s e

1 . 2 5
2 . 5 0

5 . 0 0  
n i l .

R e m a r k s .

I d e n t i c a l  w i t h  4
V e ry  s l i g h t l y  d a r k e r  t h a n
s t a n d a r d .
P r a c t i c a l l y  e q u a l  t o  s t a n d a r d .  
S t a n d a r d ,  a  m ore v i v i d  g r e e n  
t h a n  o t h e r s .
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W h i te  s u g a r s  do n o t  seem t o  h a v e  much e f f e c t  h e r e ;  

t h e  r e a g e n t  w o u ld  p r o h a h l y  h e  s a t i s f a c t o r y  f o r  w h i t e  

s u g a r s  w i t h o u t  a s h i n g ,  p r o v i d e d  t h e  pH i s  c a r e f u l l y  

c o n t r o l l e d .

; J T e s t s  w e r e  now made c o m p a r in g  t h e  m e th o d  w i t h  t h e  

ammonium s u l p h i d e  and  s u l p h o s a l i c y l i c  a c i d  m e t h o d s ,  

a l l  e s t i m a t i o n s  b e i n g  made i n  p r e s e n c e  o f  w h i t e  s u g a r .

Ho. W h i te
____

H e r r o n  S u l p h i d e S u lp h o
. s a l i c y l i c .

1

I;
4, '̂ \

A
B
G

:D

. 0 0 0 1 2  
looolo. 
:ooo08: : 
. 0 0 0 2 1  :

.0 0 0 0 7  

.00011 

. 0 0 0 0 9  

.0 0 0 2 8

.0 0 0 1 0  

.0 0 0 1 4  

.0 0 0 1 2  

. 0 0 0 2 7

T h e s e  r e s u l t s  a g r e e  r e m a f k a b l y  w e l l ,  much b e t t e r  

in ;  f a c t  th an / ,m ^^y  0^ / b e  c o m p a r a t i v e  r e s u l t s  shown f o r  

rX^ s u g a r s ' A t / / t h e  ' é n d / p f . ^ t h i s  s e c t i o n .

( 9 ); îiih_aâhed_M gar_2rM !ioiâ s

V a r i o u s  a s h e d  p r o d u c t s  w e re  t e s t e d  by  t h i s  m e th o d ,

a d j u s t i n g  t h e  pH v a l u e  t o  t h e  c o r r e c t  r a n g e  by H HGl.
10

D u p l i c a t e  r e s u l t s  a r e  shown h e r e : *

Ho. S am p le

1 E g y p t i a n  
m o l a s s e s

2 H a t a l  
m o l a s s e s

3 S a n  Domingo

I R O H

H e r r o n S u l p h i d e  -

T n ~ ~ ~ T g T ~

.0 2 0  .0 1 1 .0 8 1  .0 1 3

.0 0 9  .0 1 2 .0 0 9  .0 1 5

.0 0 0 6  .0 0 0 4 .0 0 1 4  . 0 0 0 8 .
t s  show l a r g e  d i f f e r e n c e s

S u lp h o  : 
.— s a l i c y l i c

0 . 1 0 8  

.0 0 5  

. 0014

.0 0 5

.0 1 3

.^0015.

m o l a s s e s  an d  t h e  s u g a r  a r e  f a i r l y  g o o d ,  b u t  t h e  E g y p t i a n  , 
m o l a s s e s  f i g u r e s  va ,ry  so  much t h a t  i t  i s  p r o v a b l e  t h a t ; , s o m e  
o t h e r  c o n s t i t u e n t  i n  t h i s  p a r t i c u l a r  a s h  i s  i n t e r f e r i n g .
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DETERMINATION.ON IRON, . . .

Mâ±ÎI24_i7 J. ! -  . n a ia e -£ f lia N s iuB_Ne£.riQ.yanl  de KgNê ( üN ) g

S o l u t i o n s  o f  H e r r o u s - s a l t s  g i v e  w i t h  f e r r i c y a n i d e a  

b l u e  p p l o u r  due  t o  t h e  f o r m a t i o n  o f  T u r n b u l l ' s  B l u e .

T h i s  i s - i n d i s t i n g u i s h a b l e  i n  c o l o u r  f r o m  P r u s s i a n  B l u e ,  

( M e t h o d s ) .

-  V  3N eC f^2K gN é:,(C N )g;-->  N e 3 ( N è ( C N ) g ) + 6EC1,

R e a g e n t s :  -  Not à s 3 / . u m _ f e r M ç . N a n i t e . -  ,

A f r e s h l y  p r e p a r e d  aq u eo u s ,  s o l u t i o n :  0 . 5  gm. p e r  

100  CCS. i s  u s e d .  S u l p h u r i c  a c i d  -  a  6 n o r m a l  s o l u t i o n  

o f  i r o n - f r e e / a c i d  i s ; r e q u i r e d .  . , '

S t a n d a r d  i r o n  s o l u t i o n  f r e s h l y  p r e p a r e d  f e r r o u s  s o l u t i o n *  

0 . 1  mgm. p e r  c c .

P r o c e d u r e : -  /  Tb r 50 : c c s ./ o f  t h é  s a m p le  s o l u t i o n  10 c c s .  

o f  t h e  a c i d  i s  a d d e d ,  f i l t e r i n g  i f  n e c e s s a r y :  15 c e s .  o f

t h e :  f e r r i c y a n i d e  r e a g e n t  i s  now a d d e d  and  vo lum e made t o  

1 0 0 ; C C S .  i n  a  H e s s l e r  g l a s s .  The t e s t  s o l u t i o n  i s  

co m p a re d  a t  o n ce  w i t h  f r e s h l y  made f e r r o u s  i r o n  s t a n d a r d s .

Hot e s : -  The c o m p a r i s o n  o f  t h e  c o l o u r  d e v e l o p e d  i n  b o t h  

s a m p le  a n d  s t a n d a r d s  m u s t  be made i n  m a t c h e d  H e s s l e r  t u b e s  

i n  t h e  p r e s e n c e  o f  e q u i v a l e n t  c o n c e n t r a t i o n s  o f  a c i d s ?  

im m .e d ia t e l y  a f t e r  t h e  r e a g e n t  i s  m ix e d  w i t h  t h e  s o l u t i o n s .  

The c o l o u r  i s  d e e p e n e d  by an  e x c e s s  o f  t h e  r e a g e n t ,  and  

d i m i n i s h e d  by  an  e x c e s s  o f  a c i d .  I t  f a d e s  r a p i d l y  on 

s t a n d i n g .  T h e ' s e n s i t i v i t y  i s  s t a t e d  t o  b e  a b o u t  10 p a r t s
p e r  m i l l i o n



2 8 4 -

0 d _ l 7 1 2 * P o tas .s lum .  f  ë r r i cy a n i d e  * , E x p e r im e n ta l : . .

( i j  T e s t  i i i m i t s s -  H e r r o n s  i r o n  s t a n d a r d s  w e re  made u p ,  

a d d i n g  t o  e a c h  5 c c s .  o f  6 H s u l p h u r i c  a c i d  f o l l o w e d  by

7 . 5  CCS. o f  0 . 5 ^  f r e s h l y  p r e p a r e d  f e r r i c y a n i d e  s o l u t i o n .

Ho. gms.  He. K P a r t s
p r e s e n t Ne i n p e r
i n  50 C C S . 50 C C S . mi 11 il

1 : 0  . 0 0 6 0 0 2 5  : . 0 . 0 5
2 0 . 0 0 0 0 0 5 0 : 5.0= V 0 . 1 0
3 : 0 . 0000075 7 . 5  ' . 0 . 1 5
4 ‘ ,0 .(000010 - 1 0 . 0  : /0 . ;20
5. -. ' 6 .0 0 0 0 1 2 5 1 2 . 5 / 0 . 2 5
6 0 . 6 0 0 6 2 0 . 4 0
7'/ , 0 # 0 0 0 2 h / 25 0 . 5 0
8 0 . 0 6 0 6 3 - 30 V 0 . 60

. 0 . 0 0 0 0 4  ' ' k 4 0 /  ■ ; 6 . 8 0
1 0 / t  O i 6 0 6 0 5 50 . ; . 1 . 0 0
11 ;; 0 ,0 0 0 1 7 5 : ' 175 I V 3 . 5 0

R e m a rk s .

Y e l l o w  c o l o u r s  w e re  
o b t a i n e d  e x c e p t  w i t h  
Ho. 11 w h i c h  was . . 1  
p e r c e p t i b l y  b l u e ;  t h i s  , 
a p p e a r s  t o  be t h e  smmlOieBt 
am ount  d e t e c t a b l e .
On s t a n d i n g  o v e r n i g h t ,

■ t h e r e  was a  s l i g h t  
■ i n d i s t i n c t  g r a d a t i o n  i n  
t h e  c o T o u r s . w h i c h ' w e r e  now 
p a l e  g r e e n i s h - y e l l o w .

' ' /  / / / '  Ho. 11 was d i s t i n c t l y  b l u e ,
, ; ; ' . 1 /  ' b u t  t h e  c o l o u r i n g  m a t t e r

, t  h a d  s e p a r a t e d  a s  a  \ .
■ / /  t., ' :> , , / /  r p r e c i p i t a t e  on t h e  b o t t o m

/, o f  t h e  tube^..    __

/  T h i s  a p p e a r s  t o  f i x  t h e  l o w e s t  l i m i t  o f  c o n c e n t r a t i o n  

a t  3 . 5  p a r t s  p e r  m i l l i o n  o f  i r o n .

The c o l o u r s  o b t a i n e d  w e re  n o t  s a t i s f a c t o r y ,  a n d  

n e c e s s i t a t e d  i m m e d ia t e  c o m p a r i s o n .  The f a c t  t h a t  r e a g e n t  

h a s  t o  be  f r e s h l y  made; e a c h  t i m e  i s  a l s o  a  d i s a d v a n t a g e .

The c o l l o i d a l  p r e c i p i t a t e  a p p e a r s  t o  f l o c c u l a t e  m ore e a s i l y  

t h a n  t h a t  p r o d u c e d  by  f e r r o c y a n i d e .

i s  l__W i t  h_;Whi s : -  W i th  w h i t e  s u g a r s  no a p p a r e n t  f a d ­

i n g  o c c u r r e d ,  b u t  on a c c o u n t  o f  t h e  low  s e n s i t i v i t y  no 

f u r t h e r  t e s t s  w e re  made w i t h  t h i s  r e a g e n t .
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I>1ÎTSRMIIATI0H, Oil' IH 0 1 \r.

l e t h o d _ l 8 i ; - . U s l j i g _ P Q t a g g l um. .> .e r ro cy an i .d e  w--

' P o t a s s i u m  f e r r o c y a n i d e  p r o d u c e s  an  i n t e n s e  b l u e

c o l o u r  ( P r u s s i a n - B l u e )  w i t h  P e r r i c  S a l t s  by  f o r m i n g

f e r r i c  f e r r o c y a n i d e

O’e C l +-3K P e (C H )‘. FeT pe(C N ) I +■ 12KC1 
s 3 4 6 4 L  6J 3

R e a g e n t s : “ V ^ P b t a s s i u m ^ P e r r o c y a n i d e : -  u s e d  i n  0 . 5  

p e r  c e n t  s o l u t i o n .  ■ -

S t a n d a r d  I r o n  S 6 l u t i o n i "  A f e r r o u s  s o l u t i o n  i s  p r e p a r e d  

t h e  i r o n  b e i n g  o x i d i s e d  by; p e r m a n g a n a t e s  1 c c .  e q u a l s  

0 . 0 0 0 0 2  gm. P e t  v ; ! ’:

The s o l u t i o n  t o  - b e . - t e s t e d :  s h o u l d  c o n t a i n  a p p r o x i m a t e l y  

0 *002  gm .V pf  I r o n  p e r  l i t r e .

The e s t i m a t i o n  i s  made i n  M e s s i e r  g l a s s e s  a s  u s u a l  

b y  c o m p a r i s o n  o f  t h e  s a m p le  w i t h  s t a n d a r d s .

: P o r  t o t a l  i r o n ,  t h e  s o l u t i o n  i s  a c i d i f i e d  w i t h

s u l p h u r i c  a c i d  an d  t r e à t d d w i t h  p e r m a n g a n a t e  t o  o x i d i s e  

t h e  f e r r o u s  i r o n ;  a f t e r w a r d s  t h e  c o l o u r  i s  m a t c h e d  a s  

a ; b o v e T h e  m e th o d s  o f  d i l u t i o n  o r  b a l a n c i n g  may a l s o  be 

em;ploy 0 d .  I t  i s  . b e s t  t o  a l l o w  t h e  t u b e s  t o  s t a n d  f o r  

15  m i n u t e s  b e f o r e  c o m p a r i s o n .

h o t e s : "

The t e s t ,  i s  I n f e r i o r  i n  p o i n t  o f  d e l i c a c y  t o  the , !
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w i t h  p o t a s s i u m  t h i o c y a n a t e *

The c o l o u r  p r o d u c e d . v a r i e s  f r o m  b l u e  t o  p a l e  g r e e n  

a c c o r d i n g  t o  t h e  n a t u r e  a n d  amount o f  t h e  a c i d  p r e s e n t ,  

an d  t h e  f u l l  i n t e n s i t y  o f  t h e  c o l o u r  i s  n o t  a l w a y s  

p r o d u c e d  i m m e d i a t e l y  t h e  r e a g e n t  i s  a d d e d ,  Grum g h a t t i  

o r  gum a r a b i o  s o l u t i o n  ca n  be  u s e d  t o  s t a b i l i s e  t h e  

s u s p e n s i o n .  P e r m a n e n t  m e t h y l e n e  b l u e  s t a n d a r d s  c a n  

be  u s e d ,  ' ^
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( l )  T e s t  L i m i t s î "  S t a n d a r d s  w é r e  made u s i n g  t h e

o x i d i s e d  s t a n d a r d  i r o n  s o l u t i o n  and  5 c o s .  o f  r e a g e n t

f o l l o w e d  by  s u l p h u r i c  a c i d .

h o . g m s .
Pe
p r e s e n t  
i n  50 c o s .

^  P a r t s  ■ A c i d  
Pe  i n  p e r  cohcen*
50 CCS. m i l l i o n ,  t r a ­

t i  on

R em arks

1  ̂ 0 .0000005/ A0, 5 0 .0 1

2 0 .00000025  2 ; 5  ; 0 .0 5

3 . 0 .000000  ’ ; 5; 0 .1

4 6 .0 0 0 0 1  10 0 .2

5  ̂ 0 .000025  : 25 ' - ; O.S^

6 0 .0 0 0 1  ' . 1 0 6  % 2 . 0

0 . 2 4 h  ) h o s .  1 ,  2 an d  3

0 . 2 4 h  jw e r e  c o l o u r l e s s .
- /B lu e  c o l o u r s  a p p e a r -

0 .2 4 B  l e d  a t  on ce  i n
} h o s .  4 ,  5 a n d  6 .

0.241T V e ry  f a i n t l y  b l u e

*' B lu e

" B e e p e r  b l u e

T h i s  f i x e s  a  l i m i t  a t  0 . 2  p a r t  p e r  m i l l i o n  o r  1 p a r t  

i n  5 m i l l i o n s .  The o r d e r  o f  a d d i t i o n  i s  v e r y  i m p o r t a n t  ■ 

t h e  a c i d . m u s t ,  a l w a y s  be a d d e d  l a s t - o t h e r w i s e  no c o l o u r  

d e v e l o p s .  On s t a n d i n g  72 h o u r s ,  no P r u s s i a n  B lu e  had  

p r e c i p i t a t e d ;  t h e  c o l o u r s  h a d  c h a n g e d  t o  a  s l i g h t l y  

g r e e n e r  b l u e .

(2 )  QBtimum_Bli: -  Bf f  eot..of_Buf f a r _ S o lu tlo n 3 j.

S t a n d a r d s  w e re  p r e p a r e d  w i t h  b u f f e r  s o l u t i o n s  

r a n g i n g  f r o m  1 t o  11 pH, u s i n g  0 .0 0 0 0 1  gm. P e  ( o r  10 gamma) 

i n  e a c h  t u b e .  A f t e r  s t a n d i n g  f o r  15 m i n u t e s ,  t h e  

c o L o u r s  w e r e  w e l l  g r a d e d  f r o m  1 pH w h i c h  w as  d a r k e s t .

T u b es  a t  2 a n d  3 pH w e r e  a l s o  b l u e ,  b u t  o n l y  a b o u t  h a l f
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so i n t e n s e .  À t  4 pH t h e  t i n t  was a  p a l e  g r e e n i s h -  

y e l l o w ,  and  7 ,  8 ,  9 ,  10 a n d  11 pH w e r e  i d e n t i c a l  i n  

t i n t .  A p p a r e n t l y  t h i s  r e a g e n t  m u s t  he  u s e d  a t  1 . 0  pH 

o r  b e l o w .

( b )  E f f e c t  o f  A c id  C o n c e n t r a t i o n : -

h o .  gms. 
, P e - / ‘ 

p r e s e n t  
t  i n  6 0 : C C S .

h
A c id
c o n c e n ­
t r a ­
t i o n .

Rem arks

1 0 . 0 0 0 1  ' 0 . 0 6 .  B lu e  c o l o u r s  a p p e a r e d

2 0 . 0 0 0 1  0 . 1 2  i m m e d i a t e l y .  h o s .  2 ,  3 an d  4

3 0 . 0 0 0 1  . 0 . 2 4  w e re  t h e  m o s t  i n t e n s e :  H o . 1

,4 0 .0 0 0 1  0 . 4 8  - was n o t  q u i t e  so b l u e .

5 : O.DOOl 0 . 6 0  h o s .  3 ,  4 ,  5 and  6 w e re  a l m o s t

6 0 .0 0 0 1  1 .2 0 ,  i d e n t i c a l .  Optimum a c i d

c o n c e n t r a t i o n  . i s  0 . 1  t o  0 . 2 5

  _̂__ _______ _________________ n o r m a l .    ,______ _____

The a c i d  m u s t  be  a d d e d  a f t e r  t h e  r e a g e n t .  On 

s t a n d i n g  f o r  72 h o u r s  4 ,  5 and  6 h a d  p r e c i p i t a t e d  P r u s s i a n  

B l u e :  h o s .  2 an d  3 w e re  u n a l t e r e d .

( 3 )  E f f e c t  o f  w h i t e  s u g a r s  on c o l o u r s  p r o d u c e d : -

P r e l i m i n a r y  t e s t s  showed t h a t  t h e r e  was a  good  

g r a d i n g  o f  c o l o u r  w i t h  s u g a r  p r e s e n t ,  b u t  t h e r e  was 

d e f i n i t e  f a d i n g  o f  c o l o u r  f r o m  t h e  c o l o u r s  o f  t h e  

s t a n d a r d s  made w i t h  s u g a r .  I t  seem ed  p r o b a b l e  t h a t  

i f  t h e  s t a n d a r d  i r o n  s o l u t i o n  w e re  made w i t h  s u g a r  

p r e s e n t , t h e  P r u s s i a n  B lu e  m e th o d  w o u ld  be  s a t i s f a c t o r y  

i n  p r e s e n c e  o f  s u c r o s e .  The f o l l o w i n g  t a b l e  shows



T e s u i t 8 o b t a i n e d  . . w i t h |w h i t , e • s u g a r s  co h p a re d .  w i t h ; r e s u i t s  

by  t h e  s u l p h o s a l i c y l i c  a c i d  m e th o d  an d  t h e  s u l p h i d e  

m e t h o d : -

h o ., S u g a r fo Pe  by
P e r r o -
c y a n i d e

■% Pe  by 
S u i p h b -  
s a l i c y l i c

^:;.Pe by 
S u l p h i d e

1 À .0 0 0 0 8 .0 0 0 1 0  , .0 0 0 0 7

2 -, . 0 0 0 0 9 .0 0 0 1 4 .0 0 0 1 1  : ;

3 C .0 0 0 1 1 .0 0 0 1 2 .0 0 0 0 9

4 D .0 0 0 2 1 .0 0 0 2 7 .0 0 0 2 8

( 4 )  I r o n  i n  Bgw_.Su g a r s : ' =

I t  w as  f o u n d  i m p o s s i b l e  t o  g e t  a  m a t c h  o f  t h e  

c o l o u r s  when raw  s u g a r s  w e re  t r i e d  w i t h o u t -  a s h i n g .

The y e l l o w  o f  t h e  s u g a r  m a d e : t h e  b l u e v c c l p u r  a p p e a r  

g r e e n e r  a n d  ho p r o p e r  m a t c h i n g  was o b t a i n a b l e  w i t h  t h e .

c o m p a r a t o r .    ̂ ;■ ‘ , :

W i t h  a s h i n g  o f  t h e  raw  s u g a r s  t h e  f o l l o w i n g  r e s u l t s  

w e r e  o b t a i n e d : -  " -

h o . Raw 
 .8ugar_ .

1 Cuban

2 S an  
Domingo

3 tJ a v a

4 P e r u

5 h a t a l

_______   % LrR O' h   ______  _  ,

P e r r o c y a n i d e  S u l p h o s a l i c y l i c  ^ 'P e r ro n "  

.0 0 0 6  .0 0 0 6  . 0 0 0 2

.0011 

. 0004 

.0 0 0 8  

. 0 0 1 3

.0 0 1 4  

. 0007 

. 0 0 1 0  

. 0 0 1 2

. 0 0 0 3  

.. 0001 

.0 0 0 2  

.0 0 0 4 5
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T h e s e  r e s u l t s  a r e  c o m p a r a b l e  f o r  th e ,  s u I p h o -  

s a l i c y l i c  a n d  f e r r o c y a n i d e  m e t h o d s ,  b u t  lo w  f o r  a l l  

t h e  s a m p l e s  b y  t h e  " P e r r o n "  m e th o d .

(5 )  ,Grai)lq_..:by__Photopetr 1 c A b aorp tiom eter; -

The f e r r o c y a n i d e  s t a n d a r d s  w e re  r e a d  i n  a  H i l g e r  

" S p e k k e r "  a b s o r p t i o m e t e r  an d  a  c u r v e  d r a w n .  The, 

d a r k e s t  c o l o u r  w as  s e l e c t e d  an d  t h e  r e m a i n i n g  s t a n d a r d s  

c o m p a re d  w i t h  i t .  T h i s  c u r v e  r e n d e r s  t h e  s t a n d a r d s  

s u p e r f l u o u s  -  o n l y  t h e  one d a r k e s t  s o l u t i o n  n e e d  b ^  

p r e p a r e d ,  a n d  t h e  t e s t  s a m p le  i s  c o m p a re d  w i t h . i t ,  t h e  

p e r c e n t a g e  i r o n  b e i n g  f o u n d  f r o m  t h e  g r a p h *

One d i s a d v a n t a g e  f .ouhd w i t h  t h e  f e r r o c y a n i d e  

m e th o d  i s  t h e  d i f f i o u l t y  o f  r e m o v in g  t h e  P r u s s i a n  B lu e  

c o l o u r  f r o m  t h e . %  g l a s s e s ,  e s p e c i a l l y  i f  t h e

b l u e  h a s  p r e c i p i t a t e d . ^  ‘ .1  X  .



g e t  e r m ln  o f  I r o n  loy P o t a s s i u m . ? e  r  r o o y a n i  de_^

R e a d i n g s  i n  S p e k k e r  P h o t o e l e c t r i c  A b s o r p t i o m e t e r

■0* Pe P .P .M .
V

Pe Mean Sea:
i n  50 CCS. H e a d i n g s

1 3 . 0 150 s t a n d a r d
S 2 . 5 ■ 125 ' . . 0 . 0 5 8
3 2 . 0 100 0 . 1 1 0
4 . 1 . 5 75 0 . 1 5 1
5 1 . 0 50 0 . 1 9 6
6 0 . 8 40 0 . 2 1 2
7 ; 0 i 6 30 0 . 2 3 2
8 0 . 5 25 0 . 2 4 5
9 0 , 2 5 1 2 . 5 0 . 2 7 5
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DÏÏTÏÏKCHATI.OIJ- Oï' IRûH. '
 — — ------------------------------- ( OH ) , H . 0=-----------Ç . CH.,

M e t h a â - l â l : -  HBlmS-Zzramidon : -  I \
0 0 _  H . CH.,

ü

R y ram id o n  { d - ^ D i m e t h y l a m i n o a n t i p y r i n e ) , 

p r o d u c e s  a  ' b l u e l s h - T i o l e t  c o l o u r  w i t h  f e r r i c  s a l t s  

i n  a c i d  s o l u t i o n *

B â â â â n l : " "  A 1 p e r  c e n t  s o l u t i o n  o f  p y  r a m i  don i s  u s e d ,  

w i t h  a  f e r r i c  s t a n d a r d  i r o n  s o l u t i o n .

P r o c e d u r e s -  . T h e  s a m p le  i s  m a tc h e d  w i t h  t h e  s t a n d a r d -  

t u b e s  i n  t h e . u s u a l  w ay .  The m os t  s u i t a b l e  w o r k i n g  ,

r a n g e  i s  f r o m  0 ^0005  t o  0 . 0 0 3  gms, p e r  l i t r e .  I n  d i l u t e  

s u l p h u r i c  a c i d  s o l u t i o n  à t O é 2 n o r m a l  a n d  b e y o n d  a c i d  

c o n c e n t r a t i o n  h a s  l i t t l e  i n f l u e n c e s  b u t  b e lo w  t h i s  

a c i d i t y ,  i n t e r f  e r e n c e ' o c G i u r s .  .

E x p e r i m e n t a l : -  , .

( l )  T e s t  L i m i t s S "  S t a n d a r d s  w e re  p r e p a r e d  u s i n g  s t a n d a r d  

f e r r i c  i r o n  s o l u t i o n  a n d  m a k in g  up  w i t h  4 . 0  pH b u f f e r  

s o l u t i b h s  2  C C S ,  o f  r e a g e n t  w e re  a d d e d  t o  e a c h  t u b e  »

Ho. gms* Pe P a r t s  ^
p r e s e n t  p e r  Pe i n  R e m a rk s ,
i n  50 C C S .  m i l l i o n  50 c c s .

The c o l o u r  g r a d a t i o n  was g o o d .  
H o . 3 seem s a b o u t  t h e  minimum 
am ount w h i c h . i s  d e t e c t a b l e
i . e . ,  0 . 6  p a r t  p e r  m i l l i o n
o r  30 gamma. T h i s  l i m i t
a g r e e s  w e l l  w i t h  t h e  0 .0 0 0 5  
gm p e r  l i t r e  a b o v e ( w h i c h  i s  

_ » _ . 0 ^ 5 _ p a r t _ p e r _ m i l l i o n J „ . -----  — _

1 0 . 0 0 0 0 1 0 . 2 10
2 0 .0 0 0 0 2 0 . 4 20
3 0 . 0 0 0 0 3 0 . 6 30
4 0 , 0 0 0 0 4 0 . 8 40
5 0 .0 0 0 0 5 1*0 50
6 0 . 0 0 0 0 6 1 . 2 60
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( 2 ) S f f e e t  o f  B u f f e r  S o l u t i o n s  on P v r a m i doti Col o u r s  s ~

(a ) :  A  t e s t  r a n g e  o f  b u f f e r  s o l u t i o n s  f r o m  pH 1 . 0  t o

pH 1 1 . 0  show ed t h a t  t h e  pH m u s t  be on t h e  a c i d  s i d e .

The g l a s s e s  a t  ? t q  11 pH w e r e , c o l o u r l e s s ,  an d  a t  pH 6 

t h e  s o l u t i o n  w as  j u s t  c o l o u r e d .  The f o u r  t u b e s  f ro m  

2 t o  5 pH w e r e  o f  e q u a l  i n t e n s i t y ,  an d  t h e  c o l o u r  was 

s l i g h t l y  m o r e - i n t e n s e  a t  1 pH.

,(b) A t e s t  madewhi" m o n th s  l a t e r  w i t h  t h e  same p y r a m id o h  

s o l u t i o n  g a v e  good  r e s u l t s  when made up w i t h  2 . 0  pH 

b u f f e r  s o l u t i o n ,  ' The c o l o u r s  w e re  a  b r i g h t -  b l u e i s h « p u r p l e . 

T h e r e  w as  v e r y  m a rk e d  f a d i n g  i n  1 h o u r ;  n e x t  m o r n in g  a l l  -, 

t u b e s  w e r e  c o l o u r l e s s .

The op t im um  pH i s ,  a b o u t  1 . 0 i . 50 ;

( 3 ) .  E f f e c t  o f  S u g a r s ; -  T e s t s  made w i t h  raw  s u g a r s  

show ed t h a t  t h e  o o l o u f  n f  t h e  s u g a r  c o m p l e t e l y  m asked  

t h e  d e l i c a t e  mauve c o l o u r  o f  t h e  p y r a m i d o n - i r o n  c o m p le x .  

W i th  w h i t e  s u g a r s  t h e r e  was no. ch a n g e  i n  t h e  c o l o u r .

T h i s  m e th o d  i s  t h e r e f o r e  s u i t a b l e  f o r  u s e  w i t h  w h i t e  s u g a r s  

Summar y : -  P y ra m id o n  g i v e s  s t r o n g  b l u e I s h - p u r p l e  t i n t s  

w i t h  f e r r i c  i r o n  a t  an  op t im um  o f  1 . 0  pH, an d  t h e  m e th o d  

may be u s e d  f o r  t h e  d i r e c t  e s t i m a t i o n  o f  i r o n  i n  w h i t e  

s u g a r s .  R e s u l t s  o b t a i n e d  f o r  w h i t e  s u g a r s  A .B .C . I ) .  w e re  

0 , 0 0 0 1 ;  0 , 0 0 0 1 ;  0Ç0.001, and  0 , 0 0 0 2 5  r e s p e c t i v e l y .

The m e th o d  i s  n o t  s u i t a b l e  f o r  u s e  w i t h  raw  s u g a r s :  

i t s  c h i e f  d e f e c t  i s  t h e  r e l a t i v e l y  r a p i d  f a d i n g  o f  t h e  

t i n t s  p r o d u c e d .



'DETBRMIAÏI.OS-OS IRON.

M e t h o d n i O i : -  ' . ^ r g o a t e c h i n L o r  G a t .eoho l

P y r o G a t e c h i n  ( 1 : 2 - D i h y d . r o x y - b e n z e n e ) g i v e s  w i t h  

f e r r i c  s a l t s  a  d a r k  g r e e n  c o l o u r .  T h i s  r e a c t i o n  

a p p a r e n t l y  d e p e n d s  on t h e  p h e n o l i c  p r o p e r t i e s  o f  

p y r o  c a t e  c h in . .  The c o l o u r  i s  s t a t e d  t o  be  a  b r i l l i a n t

v i o l e t  i n  f a i n t l y  a l k a l i n e  s o l u t i o n .  .

; A 1 p e r  c e n t  s o l u t i o n  i n  w a t e r ,  an d  a  . '

s t a n d a r d :  f e r r i c  i r o n  s o l u t i o n  a r e  u s e d .  The s o l u b i l i t y  

o f  t h e  : r e a g e n t  . i s  80 p a r t s  t o  100 w a t e r  a t  1£R;(?H ^

P r o c e d u r e  ; Be r  n ou i l  1 i  ( i d  c,. o i t .  ) u s  ed  a  s p e c  i  a l  

s l i d i h g - g a u g e  c b l o r i i a e t é r ,  a n d  o b t a i n e d ; r e s u l t s  a c c u r a t e  

t o  0 . 5  p e r  ' c e n t r â t ' à  . b o n c e n t r a t i o n  o f  0 . 0 0 6 2  gm. p e r  

l i t r e  ( i . e . ^ 1  p a r t  i h  . 1 6 1 ,  3 0 0 ) ,  ' . ■ p  - „ ,

The a u t h o r . e m b l b y b d  t h e  u p u a l  m a t c h i h g  m e t h o d . .

E x p e r i m e n t  a l  : -  ; ■ : ' pv' ‘ ' .

( 1 ) T b s t  L l m i t b i - '  S t a n d a r d h w e r e  made u s i n g  f e r r i c  i r o n  

s o l u t i o n  and  addihg; .  ,5; COS', o f ; , a ' 1 p e r  c e n t  p y r o c a t e c h i n  

s o l u t i o n  t o  e a c h  t u b e  1 T h e r e  wab a  good  g r a d i n g  o f  ,

c o l o u r  w i t h  s t a n d a r d s  r a n g i n g  f ro m  5 t o  100  gamma. The

m i n i m u m 'd e t e c t a b l e ,  a p p e a r s  to ; .b e  a b o u t  0 .  6 p a r t s  p e r  

m i l l i o n ;  a t  2 p a r t s  p e r  m i l l i o n  t h e , c o l o u r  i s  a  d i s t i n c t  

g r e e n ,  a n d  t h i s  w o u ld  be t h e  l i m i t  f o r  q u a n t i t a t i v e  w o rk .  

The c o l o u r s  h a d  c h a n g e d  c o n s i d e r a b l y  a f t e r  1 h o u r ,  b u t  

t h e  f a d i n g  i s  n o t  i m m e d i a t e .  One o f  t h e  c h i e f  t r o u b l e s  

w i t h ,  t h i s  m e th o d  i s  t h e  d a r k e n i n g  o f  t h e  p y r o c a t e c h i n
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by  o x i d a t i o n ,  b o t h  i n  t h e  s o l i d  s t a t e  a n d  i n  s o l u t i o n .

( 2 )  E f f e c t  o f  B u f f e r  S o l u t i o n s ; -  A r a n g e  f r o m  1 t o  11 pH 

was t r i e d  o u t  w i t h  p y r o c a t e c h i n .  S o l u t i o n s  b u f f e r e d  a t  

1 ,  2 ,  3 and  4 pH w e r e  p r a c t i c a l l y  c o l o u r l e s s ,  and  

s o l u t i o n s  b u f f e r e d  a t  6 ,-  7 ,  8 an d  9 pH w e re  i n  s h a d e s  o f  

v i o l e t .  The 11 pH s o l u t i o n . t u r n e d  a  v e r y  d a r k  b row n .

O nly  a t  5 pH was t h e r e  a  g r e e n  c o l o u r .

The r e a g e n t  a p p e a r s  t o  be e x t r e m e l y  s e n s i t i v e  t o  pH, 

w h i c h  i s  a  d i s a d v a n t a g e ,  ■ The i r o n  p r e s e n t  i n  50 c c s , was 

0 , 0 0 0 0 1  gm, w i t h  e a c h  b u f f e r  s o l u t i o n ,

( 3 )  E f f  e c t  o f  S u g a r a  : m W i t h  raw s u g a r s  t h e  c o l o u r s  

could ,  h o t  be\ m a tc h e d s  w i t h  w h i t e  s u g a r s  t h e  t e n d e n c y  

was f o r  t h e  c o l o u r  t o  be a  t r U e r  g r e e n ,  t h i s  c o l o u r  t h e n  

f a d i n g :  r a t h e r  q u i c k l y  t o  b rown a n d  t h e n  t o  c o l o u r l e s s .

No q u a n t i t a t i v e  w o rk  was p o s s i b l e  ow ing  t o  t h i s  f a d i n g .  

Sum m ary ;-  |

T h i s  r e a g e n t  i s  t o o  s e n s i t i v e  t o  i n f l u e n c e s  s u c h  

a s  pH, l i g h t ,  and  o x i d a t i o n , ■to :  a l l o w  o f  i t s  g e n e r a l  u s e  

f o r  d e t e r m i n i n g  I r o n T h e  v i o l e t  c o l o u r s  i n  a l k a l i n e  

s o l u t i o n  w e r e  v e r y  f a i n t .
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M e t h p a _ _ l l l l ;  -  / 8 a l i c y l i c _ A c i d _ ^  L JûH
S a l i c y l i c  a c i d  ( o r th o - ^ h y d r o x y b e n z .o iG a c i d )  g i v e s  a. 

r e d d i s h - v i o l e t  c o l o u r  w i t h  f e r r i c  s a l t s .  S o l u t i o n s  - o f  

f e r r o u s  i r o n  r e m a i n  c o l o u r l e s s .

S®â S â î l t s s - S a l i C:vli c  a c i d  - a  s a t u r a t e d  s o l u t i o n  i s  ' 

u s e d .  ; The r e a g e n t  i s  f i l t e r e d  an d  t h e  c l e a r  s o l u t i o n  : 

u s e d ,  'h - ' V

S t a n d a r d f l r o n ;  S s -  f e r r i c  s o l u t i o n  u s e d  c o n t a i n i n g  .

0 . 0 0 0 0 1  ;gm. I r o n  p e r  c c .

The s o l u b i l i t y  o f  s a l i c y l i c / a c i d  i s  ,0 .1 5  gms. p e r  100  ccs*

P r o c e d u r e ; -  The s o l u t i o n  t o  be" t e s t e d  s h o u l d  c o n t a i n  

b e tw e e n . -0 .  00001 t a n d  0 .0 0 0 2  gm; i r o n . ;  ■- The m e th o d  o f  

mat c h i n g  s t a n d a r d s  c a n n o t  be u s e d t s i n c e  t h e  s t a n d a r d s  

f a d e  f a i r l y  r a p i d l y  i n  : t h e  l i g h t  * I t  i s  ■ n e c e s s a r y  t o  

ad d  t h e ” s a l i  cy  1 i c  ac  i d  1 6 t h e  pamp 1 e = a n d  1 0  t h e  s t  a n d a r d  

a t  t h e  same t i m e * n n d  t o  com pare  th e m  a t  o n c e .  The 

m e th o d  o f ^ b a l a n c i n g ^ o  o f  d i l u t i o n  g i v e s  good

r e s u l t s

The s a m p le  i s  p l a c e d  i n  a  H e s s l e r  g l a s s  a n d  5 . c c s .

■ o f  t h e  s a l i c j ^ i i c  a c i d  r e a g e n t  a d d e d .  The s t a n d a r d  i r o n  

s o l u t i o n  i s  a d d e d  f r o m  a  b u r e t t e  t o  5 c c s .  o f  t h e  r e a g e n t  

i n  a n o t h e r  H e s s l e r  t u b e ,  u n t i l  t h e  c o l o u r  o f  t h e  s t a n d a r d  

m a t c h e s  t h e  s a m p l e . -  A p l u n g e r  i s  u s e d  t o  s t i r  t h e  

l i q u i d s .  .



H ô t e p h o s p h a t e s ,  t h i o s u l p h a t e s ,  s u l p h i t e s ,  f l u o r i d e s ^ '  

" b i s u l p h i t e s  an d  f r e e  m i n e r a l  ao i d s  ; i n t e r f e r e . O r g a n io  

m a t t e r  s h o u l d  be  a b s e n t ,  ;

As l i t t l e  a s  0 .0 0 0 0 1  gm. f e r r i c  i r o n  ca n  be d e t e c t e d .  

l £ 2 § E i i s e n t a , l : -

( 1 )  . T e s t  L i m i t S 8 "  S t a n d a r d s ,  w ere  made up  w i t h  f e r r i o  , "

i r o n  s o l u t i o n , ’ a d d i n g  5 c o s . o f  t h e  s a l i c ^ r l i c  a c i d  

s o l u t i o n .  T h e r e  was a  d i s t i n c t  p i n k  c o l o u r  a t  60 gamma

g r a d i n g ' d o w n  q u i t e  s h a r p l y  t o  10 gamma, h u t  n o t  b e lo w  t h i s *

The e f f e c t i v e  1 I M i t  o f  d e t e c t i o n  c a n  t h ü s  be t a k e n  a s  

0 . 2 0  p a r t  p e r  m i l l i o n  ( i . e . ,: 0 ^pOOOl gm. Ee i n  50 c c s .  

s o l u t i o n ) . F a i r l y  r a p i d  f a d i n g  o f  s t a n d a r d s  t o o k  p l a c e .

( 2 )  E f f e c t  o f . B u f f e r  S o l u t i o n s . W i th  b u f f e r s  r a n g i n g

f r o m  1 t o  9 pH i t t w a s  f o u n d  t h a t  t h e : o p t i m u m  pH l a y  b e tw e e n

3 an d  5 ip H .  h  VAt 6; pH t h e  p i  nk c o l o u r  Wfas v e r y  l i g h t  an d

a t  7 ,  8 and; 9 pH t h e '  p  o l u t  i  on s;': we r e  c o l o u r l e s s .  A pH o f  

4 . 0  w a s i h e l e c t e d  a s  g i v i n g  t h e  b e s t  d e y e l p  pm en t  o f  op l o u r .

( 3) E t f  p e t  o f  -Su g a r s -  - Withdraw.,  s u g a r s  t h e  p i n k  c o l o u r  

was m a sk e d  by  t h é - sU g a r  c o l o u r .  W i th  w h i t e  s u g a r s  i t  w as  

f o u n d  t h a t  e v e n  1 ; gm. o f  w h i t e  s u g a r  c a u s e d  l i g h t e n i n g  o f  

t h e  o i n k r c o l o u r , . and  t h i s  f a d i n g  was i n t e n s i f i e d  a s  more 

s u g a r  w as  a d d e d .  • ; /

Summarys-
T lT  The c o l o u r  d e v e l o p s  b e s t  a t  4 pH.
( 2 )  R a p i d  f a d i n g  o f  s t a n d a r d s  o c c u r s .
( 3 )  W i t h  s u g a r s  f a d i n g  r e n d e r s . t h e  m e th o d  u s e l e s s .
( 4 )  The l i m i t  o f  d e t e c t i o n  i s  0 . 2 0  p a r t  p e r  m i l l i o n , ^

w i t h  t h e  b e s t  w o r k i n g  r a n g e  f o r  q u a n t i t a t i v e  w ork  
com mencing a t  a b o u t  1 p a r t  p e r  m i l l i o n .

( 5 )  O n  t h e  w h o l e ,  n o t  a  good  m e th o d .
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t e ; t h o d _ I l 8 . 1 : "  S ü l B M M i i s z l E Ç _ a ç ld

(2 ~ H y d ro x y  5 - s u l p h . o b e n z o i c  a c i d ’, Op.H.O_S) g i v e s  a. r o s e -
: , • -  d o  6 ;

r e d  c o l o r a t i o n  w i t h  f e r r i c  i r o n , i n  a c i d  s o l u t i o n s .  . I n  

a l k a l i n e  s o l u t i o n s  b o t h  f e r r i o  an d  f e r r o u s  i r o n  r e a c t  d ;  :; / 

g i v i n g  a  g o I d e n V y e l l o w  c o l o u r *  d ,

H e a g e n t s l - ,  , , S u l p h o s a l i c y l i c  a c i d : -  20  g m s . i n  100 c c s .  . ; 

d i s t i l l b d  w a t e r .  Ammonias-  10 p e r  c e n t  a q u e o u s  s o l u t i o n .

P r o c e d u r e s r  T o , t h e , t e s t  s o l u t i o n  2 o c s , o f 51he s u l p h o s a l 1-  

c y l i c  a c id :  r e a g e n t  i s  a d d e d ,  f o l l o w e d  a f t e r  m i x i n g  by 2 c c s .  

o f  t h e  ammonia s o l u t i o n , ; A g o l d e n  y e l l o w ; c o l o u r  d e v e l o p s  

i n  p r e s e n c e  o f l i r o n  ( f e r r i c  and  f e r r p u s ) .  ̂ The o r d e r  o f  

a d d i t i o n  m u s t  be  a d h e r e d  t o .  The t e s t  s o l u t i o n  i s  t h e n  

m a t c h e d - W i t h  s t a n d a r d s  s i m i l a r l y  p r e p a r e d .  , "

H p te s  The c q l o u r  l . s  , ed  by  h y d r i o n  m a n g a n e s e  ,'

and. o r g a n i c  s u b s t a n c e s . . t d l T h e  i n f l u e n c e  p f  m a n g a n e s e  i s  

d i f f i c u l t  to .  e l i m i n a t e ;  5 d i s t u r b a n c e l b y d t h e  o t h e r  f a c t o r s  ; 

c a n  be p r e v e n t e d  b y ; t h e  u s e d o f  c i t r a t e  b u f f e r s  and  c o l o u r  

f  i  I t  e r  8̂  (:P. A l t  e n , e t  a l ,  Z .Amorg.  Ghem ie ,  2 1 5 ,  8 1 - 9 1 , 1 9 3 3 ) . .

The. m e th o d  i s  s t a t e d  t o  be s e n s i t i v e  t o  0 . 2  mgm, o f  Pe 

( L a p p i n  & k i l l ,  -2. Hyg. 1 1 2 ,  7 1 9 ,  1 9 3 1 ) .  ^

P o r  f e r r i o  i r o n  t h e  t i n t  g r a d a t i o n  and  s e n s i t i v e n e s s  

a r e  v e r y  s i m i l a r  t o  t h e  t h i o c y a n a t e  r e a c t i o n  w i t h . i r o n . .



‘ : 8bA%h):^r; p d # '8 s i l i m ,  ; l i t h i u m  ammonium, o a l c i u m ,  ;; - 

m a g n é s iu r n d 'b ih b v  a l ü i à l n lu m ,  c h l o r i d e ,  b rom ide , ,  i o d i d e ,  ; 

n i t r a t e ,  s u l p h a t e  a n d  p h o s p h a t e  do n o t  i n t e r f e r e  e i t h e r  5 

i n  a c i d  o r  i n  a l k a l i n e  s o l u t i o n d  M an g an ese  i n t e r f e r e s  ;  - 

i n  a l k a l i n e  s p l u t i o n  by  p r e c i p i t a t i o n  o f  t h e  hyd rox ide :*  

H i t r i t e  i n t e r f e r e s  i n  t h e  f e r r i c  e s t i m a t i o n  i n  a c i d  

s o l u t i o n  ( L a p p i n  and  Ki 1 1 ,  I b i d )*

E x p e r i m e n t  a l : -  S u l p h o s a l i c y l i c  A c i d .

( 1 )  L i m l t s  h f  T e s t  ; -  S t a n d a r d s  w e re  p r e p a r e d  u s i n g  

I r o n  G one é h t  r a t i  ons  r a n g i n g  ; , f r p ^  1,, gamma t o  lOO gamma *

A f i n e  g o l d e n  y e l l o w  c o l o u r  was p r o d u c e d , ;  t h e  g r a d i n g  

b e i n g  yéiy^d.iBtihG*^ ♦ d -  Tt.-was f o u n d  t h a h  1 ga^mma /

r e p r e s e n t e d  t h e  l o w e r m o s t  l i m i t  o f  d é t e c t i o n ,  t h e  b e s t  

w o r k i n g  l i m i t  b e i n g  w i t h  5 o r  10 gamma a s  t h e  l o w e r  l i m i t  

f o r  q u a n t i t a t i v e  w o r k . h:   ̂ 5 ; 5 ^

(3.) E f f e c t  o f  Buf f  e r  S b l u t  i o n s  : . W i t h  â  r a n g e  o f  b u f f e r

s o l u t i o n s  f r o m  1 to5 11 p H  Ï &  ye  1 IpW: c o l o u r , was  p r o d u c e d  

o n l y  a t  9 , . 1 0  and  11 pH. I t ;  i s  m o s t  i m p o r t a n t  t o  a d d  ' ■ 

t h e  b u f f e r  h o l u t i o n = H a s t : , :  o t h e r w i s e  t h e  c o l o u r  d o e s  n o t  

d e v e l o p  p r o p e r l y .  L a t e r  w o rk  w i t h  s u g a r  s o l u t i o n s  showed 

t h a t  e v e n  a t  11 pH t h e  a l k a l i n i t y  was n o t  h i g h  e n o u g h ,  

an d  i t  was  f o u n d  h e o e s s a r y  t o  go b a c k  t o  t h e  f u l l  ammonia

a d d i t i o n .  The r e a g e n t  g i v e s  t h e  r o s e  c o l o u r  w i t h  f e r r i c
; . ‘ t h e  s o l u t i o n  . ' -

i r o n  a lo n e -  i n  a c i d  s o l u t i o n ,  a n d / m u s t  be  d e c i d e d l y  a l k a l i n e

t o  g i v e  t h e  g o l d e n - y e l l o w  t i n t  w i t h  t o t a l  i r o n .
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( 3 )  The B f  f  e c t  o f  Wh i  t  e Sua:ar  s ; -  '

W e ig h ed  q u a n t i t i e s  o f  w h i t e  s u g a r  v a r y i n g  f r o m  0 . 6  

t o  10 gras, w e r e  d i s s o l v e d  i n  H e s s l e r .  g l a s s e s  i n  d i s t i l l e d  

w a t e r  a n d  t h e n  e a c h  was  t r e a t e d  w i t h  2 c c s .  o f  t h e  s u l p h o  

s a l i c y l i c  r e a g e n t  f o l l o w e d  by 2 c c s .  o f  afïiraonia, and  

made up  t o  50 c c s .

Qn c o m p a r in g  t h e  c o l o u r s  p r o d u c e d ,  w i t h  s t a n d a r d  

i r o n  s o l u t i o n s  s i m i l a r l y  p r e p a r e d  t h e  f o l l o w i n g  r e s u l t s  

w e r e  o b t a i n e d ; »

gras . s u g a r  t a k e n

P e r  c e n t  i r o n

0 . 5

0 .0 0 0 0 8

1.0

0 .0 0 0 0 8

2 . 0

0 .0 0 0 7

3 . 0

0 .0 0 0 0 9

4 . 0

0 .0 0 0 1 0

5 . 0

0 .  o o m

B y , a s h i n g  t h e  p e r  c e n t  o b t a i n e d  was 0 . 0 0 0 0 5

By t h e  d i r e c t  s u l p h i d e  m e t h o d . t h e  p e r  c e n t  o b t a i n e d  was

0 . 0 0 0 0 1 5  ( u s i n g  5 gms.

" ' T h e r e  w as  no a p p e a r a n c e  o f  f a d i n g  o r  l i g h t e n i n g  o f  

c o l o u r ,  a n d  t h e  r e a g e n t  a p p e a r e d  t o  be e n t i r e l y  s a t i s f a c t o r y  

i n  p r e s e n c e  o f  w hi te^  s u g a r .  The v a r i a t i o n  i n  t h e  r e s u l t s  

o b t a i n e d  a b o v e  i s , n o  d o u b t  due  t o  t h e  s m a l l  q u a n t i t y  t a k e n  

i n  Ho. ( l )  a s  co m p a red  w i t h  t e n  t i m e s  t h e  am ount t a k e n  i n  

Ho. 6 .

( 4 )  The E f f e c t  o f  R a w _ S u g a r s ; -

I t  was  f o u n d  t h a t  t h e  d e t e r m i n a t i o n  o f  i r o n  c o u l d  be 

c a r r i e d  o u t  i n  raw  s u g a r s  o f  m o d e r a t e  c o l o u r  by s u l p h o -  

s a l i c y l i o  a c i d ,  an d  t h a t  t h e  r e s u l t s  w e re  m ore  r e l i a b l e



- 3 0 1 -

t h a n  t h o s e  by t h e  a s h i n g  method*  T h e s e  r e s u l t s  

co m p a red  w e l l  w i t h  t h e  r e s u l t s  o f  o t h e r  m e th o d s  o f  : 

e s t i m a t i n g  i r o n *  Some t e s t s  w e re  c a r r i e d  o u t  t o  f i n d  

t h e  e f f e c t  o f  ammonia on t h e  raw  s u g a r  a l o n e .

l £ £ e c i ^ o f „ A i m p n i a _ o n _ G o d p u r _ p ^ ^

The d a r k e n i n g  e f f e c t  o f  a l k a l i s ,  on t h e  c o l o u r i n g -  

m a t t e r  o f  s u g a r s  i s  w e l l  known. I t  i s  i m p o r t a n t  t h e r e f o r e  

t o  know how t h i s  a f f e c t s  t h e  c o l o u r  p r o d u c ê d  i n  t h e  

■ c o l o r i m e t r i c  e s t i m a t i o n  o f  i r o n  by s u l p h o s a l i c y l i c  a c i d  

w h e re  ammonia  i s  added*

T e s t i l l ) : -  25 gms. o f  B e m e r a r a  Raw S u g a r  w e re  d i s s o l v e d

i n  w a t e r  made up  t o  200 c o s  * and  f i l t e r e d  u s i n g  K i e s e l g u h r .  

Ten CCS. o f  t h e  f i l t e r e d  s o l u t i o n  w e re  t a k e n  i n  e a c h  o f  ~ 

s e v e n  H e s s 1 e r  t u b e s .  To f i v e  o f  t h e s e  w e re  a d d e d  v a r y i n g  

am o u n ts  o f  s t a n d a r d  i r o n ,  s o l u t i o n .  To one o f  t h e  two 

r e m a i n i n g  ammonia a l o n e  w as  a d d e d ,  an d  t h e  o t h e r  one was 

made up  t o  505 c c s ,  w i t h  w a t e r ,  a l o n e .  I r o n  s t a n d a r d s  w e r e  

a l s o  p r e p a r e d  i n  t h e  u s u a l  w ay .

( a )  S u g a r  a n d  Ammonia a l o n e  a s  b l a n k .

Ho * 0ms. He^ 0ms. C C S .  20^ C C S .  10^ Gms* He
a d d e d  t o raw s u l p h o s a l i ­ Ammonia f o u n d  i n
50 C C S . s u g a r c y l i c 50 C C S .

p r e s e n t r e a g e n t
— a d d e d . ™  .— —

1 H i l 1 . 2 5 2 2 0.0000025
2 0 .0 0 0 0 1 0 1 . 2 5 2 2 0 .0 0 0 0 0 5
3 0 . 0 0 0 0 2 5 1 , 2 5 ■ 2 2 0 ,0 0 0 0 1 5
4 0 .0 0 0 0 5 0 1 . 2 5 2 2 0 .0 0 0 0 4 5
5 0 . 0 0 0 0 7 5 1 . 2 5 2 2 0 . 0 0 0 0 8 0



( b )  1*25  gms*; o f  raw  s u g a r :  a l o n e  i n  b l a n k

Ho.-; Gms. He Gms, c c s .  20^o c c s .  1 0 ^  Gms, He
a d d e d  t o  raw  s u l p h o s a l i - Ammonia f o u n d  i n
50 CCS. s u g a r  c y l i c  50, c c s .

p r e s e n t  r e a g e n t
. ’. ' - a d d e d .

1 H i l -  1 , 2 5  2 2 0 .0 0 0 0 5
2 0 . 0 0 0 0 1 0  1 , 2 5  2 2 0 . 0 0 0 0 6
3 0 .0 0 0 0 2 5  1 , 2 5  2 2 0 , 0 0 0 0 8
4 0 . 0 0 0 0 5 0  1 , 2 5  2 2 0 .0 0 0 1 0

Hrcm Ho, 1 ( b )  p e r  c e n t  i r o n  i n  t h i s  s u g a r  i s  0 , 0 0 4 .  

T h i s  c o m p a r e s  w i t h  0 . 0 0 3 6  o b t a i n e d  by t h e  s u l p h i d e  

m e t h o d .  : ‘ -  '5;,

The r e s u l t s  i n  ( a )  show s l i g h t l y  l e s s  i r o n  f o u n d  

p r e s e n t  t h a n  h a s  b e e n  a d d e d .

An o b v i o u s  e x p l a n a t i o n  o f  t h i s  r e s u l t  ; l i e s  i n  t h e  

f a c t  t h a t  w h e r e a s  i n  th e ,  b l a n k  2 c c s , o f  f f& e  a i im ohia  

h a s  b e e n  added?  a  p a r t  a t , l e a s t  o f  t h e  ammonia i n  t h e  

s a m p le  t u b e  h a s ,  n e u t r a l i s e d  t h e  s u l p h o s a i i c y l i c  a c i d ,  

f o r m i n g  p r e s u m a b l y  ammonium s u l p h o s a l i c y l a t e .

T i t r a t i o n  showed:-*

25 c o s .  o f  2 0 . p e r  c e n t  s u l p h o s a l i c y l i c  a c i d  r e q u i r e d  

20 C C S .  o f  t h e  10 p e r  c e n t . a m m o n i a  t o  p r o d u c e  a  y e l l o w  

c o l o u r .  By t i t r a t i o n  a g a i n s t  s t a n d a r d  a c i d  an d  a l k a l i  

t h e  s t r e n g t h  o f  t h e  20 p e r  c e n t  s u l p h o s a l i c y l i c  a c i d  

was  1 , 4 7 2  N o r m a l , and  t h e  10 p e r  c e n t  ammonia was 

1 , 7 1 2  N o rm a l .
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X e l l o w ^ S u l p h o e a l i c y l a t ^ l i

The m i x t u r e  p r o d u c e d  by  t i t r a t i n g  20 c c s .  o f  t h e  

10 p e r  cen t ,  ammonia a g a i n s t  25 c c s .  o f  s u l p h o s a l i c y l i c  

a c i d  u n t i l  y e l l o w  c o l o u r  a p p e a r e d  was  f o u n d  e l e c t r o -  

m e t r i c a l l y  t o  h a v e  a  pH o f  7 , 2 .  An a t t e m p t  was made 

t o  u s e  t h i s  s o l u t i o n  f o r  t h e  c o l o r i m e t r i c  w o rk ,  b u t  i t  

was  f o u n d  t h a t  t h e  a l k a l i n i t y  was n o t  e n o u g h  t o  overcom e 

t h e  n a t u r a l  a c i d i t y  o f  t h e  s u g a r s  b e i n g  t e s t e d .  A 

f u r t h e r  a t t e m p t  t o  s t a b i l i s e  t h e  y e l l o w  c o l o u r  by u s i n g  

b u f f e r s  o f  8 an d  9 pH. ( B o r a x  and  B o r i c  a c i d  an d  s o d iu m  

c h l o r i d e )  g a v é  a  maximum i n t e n s i t y  o f  y e l l o w - c o l o u r  o n l y  

a f t e r  h a l f - a h - h o u r ,  ' I t  w o u ld  be p o s s i b l e ,  h o w e v e r ,  t o  

k e e p  t h i s  r e a g e n t  r e a d y - m i x e d  w i t h  t h e  am monia .  I t  

seem s o b v i o u s  t h a t  t h e  a l k a l i n i t y  m u s t  be  h i g h  t o  o b t a i n  

t h e  c o r r e c t  g o l d e n - y e l l o w  c o l o u r ,

E £ £ e o t _ o f A g a l t s _ p f _ , H e a y y _ M e t a l s _ p n _ 8 u ^ ^  

d e t e r m i n a t i o n  o f  I r o n . ,

: S o l u t i o n s  o f  m e t a l l i c  s a l t s  w e re  made up  c o n t a i n i n g

0 , 0 0 0 0 0 5  gm. p e r  c c .  o f  M a n g a n e s e ,  Chromium, C o p p e r ,  N i c k e l  

an d  L e a d s -  5 ,  10 an d  20 c c s ,  o f  e a c h  s o l u t i o n  was t r e a t e d  

w i t h  an  e q u a l  q u a n t i t y  o f  i r o n  i n  a  N e s s l e r  g l a s s  and  

c o m p ared  w i t h  a  s i m i l a r  t u b e  c o n t a i n i n g  an  e q u i v a l e n t  

am ount o f  i r o n  a l o n e .  Two c o s ,  o f  t h e  r e a g e n t  w e re  u s e d  

i n  e a c h  t u b e  f o l l o w e d  by  2 c c s .  o f  10# am monia .  I t  was 

f o u n d  t h a t  t h e s e  m e t a l  s a l t s  h a d  p r a c t i c a l l y  no e f f e c t  on 

t h e  g o l d e n - y e l l o w  c o l o u r ,  a l t h o u g h  a  v e r y  s m a l l  d i f f e r e n c e



was d e t e c t e d  w i th ;  20 c c s , o f  M a n g a n e s e , t h e ’ i n t e n s i t y  

b e i n g  s l i g h t l y  g r e a t e r  i n  p r e s e n c e  o f  t h e  f o r e i g n  s a l t

D e t e r m i n a t i o n  o f  I r o n  a f t e r  a d d i n g  known am o u n ts  o f  

I rp n _ tp _ _ R a w _ 8 u g a r s^  '

To 25 gms, o f  e a c h  s u g a r  o f  known i r o n  c o n t e n t ,  v a r y i n g  

a m o u n ts  o f  i r o n  v /ere  a d d e d ,  ; t h e  s o l u t i o n  b e i n g  t h e n  made 

t o  200 CCS, a n d  f i l t e r e d  u s i n g  K i e s e l g u h r .  ID c c s , o f

f i l t r a t e  u s e d  i n  e a c h  t e s t ,

■ Â ' B G D

Ho, S u g a r .Gms,
: I r o n  

Added

P e r
c e n t
Iron

‘Added

% Total
I r o n
Pound

#  I r o n  
i n
S u g a r
a l o n e

O r i g i n a l  
% I r o n  ■ 
P o u n d  i n  
s u g a r

D i f f e r e n c e
o f

G an d  D.

1 .  S an  . 

Domingo

0 . 0 0 0 9
0 . 0 0 1 5
0 . 0 0 2 0

0 .0 0 3 6  
0 . 0 0 6 0  
0 .0 0 8 0

.0 0 8 4  

.0 0 9 2  - 

.0 1 1 5

. 0048 

.0032 

.0035

.0036

.0036

. 0 0 3 6

.0 0 1 2  

. 0004 

.0 0 0 1

2 .  Cuban 0 . 0 0 0 9
0 .0 0 1 5
0 . 0 0 2 0

0 .0 0 3 6  
0 . 0 0 6 0  
0 . 0 0 8 0

. 0 0 4 6 '  
0065 

.0088

. 0 0 1 0

.0 0 0 5

.0008

.0008

. 0008 

.0008

. 0 0 0 2

.0003
H i l  .......

3 ,  J a v a 0 .0 0 0 9
0 . 0 0 1 5
0 . 0 0 2 0

0 . 0 0 3 6
0 . 0 0 6 0
0 . 0 0 8 0

. 00À6
0071

.0 0 8 6

.0 0 1 0

.0 0 1 1

.0 0 0 6

.0007

.0 0 0 7

.0007

. 0 0 0 3

.0 0 0 4

.0 0 0 1

T h e s e  r e s u l t s  show t h a t  t h e  s u l p h o s a l i c y l i c  a c i d  

m e th o d  i s  r e l i a b l e  i n  t h e  p r e s e n c e  o f  s u g a r  o f  m o d e r a t e  

c o l o u r ,  s i n c e  t h e  r e c o v e r y  o f  t h e  a d d e d  i r o n  i s  r e a s o n a b l y  

g o o d ,  a n d  p r o b a b l y  w i t h i n  t h e  l i m i t s  o f  a c c u r a c y  o f  a  

c o l o r i m e t r i c  m e th o d .
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Re s u i t  s _ p f „ I r p n „ D e t e r m i n a t i p n s „ b y _ . ^ u l p h p s a l i G y l i  

an d  Ammonium S u l p h i d e  M e th o d s .

Ho. Sample.,
% Fes S u l p h i d e  M ethod fo  F es S u l p h o s a l i c y l i c

M ethod

D i r e c t A sh ed D i r e c t A sh ed

1 M o l a s s e s  
E g y p t i a n  '

•O.OIS 
; 0 . 0 8 1

0 . 1 0 8
0 . 0 0 5

2 H a t a l  ' 0 . 0 0 8 6
0 . 0 1 5 0

\  - 0 . 0 0 5
0 . 0 1 3

3 ■ Raw S u g a r s ;  

S a n  Domingo 0 . 0 0 4 0
0 .0 0 2 6  , 
0 .0 0 3 6

0 . 0 0 3 6
0 . 0 0 3 6

0 . 0 0 1 4
0 . 0 0 1 5

4 J a v a 0 . 0 0 1 3 0 . 0 0 1 3  
, 0 .0 0 1 9

0 . 0 0 0 9
0 . 0 0 1 1

0 . 0 0 1 3
0 . 0 0 1 3

5 D e m e r a r a 0 . 0 0 1 6 0 . 0 0 2 4  
0 . 0 0 2 2  ■ -

0 . 0 0 2 0
0 . 0 0 2 3

0 . 0 0 1 6
0 . 0 0 2 2

6 W est  I n d i e s 0 . 0 0 2 8 0 . 0 0 2 3
0 . 0 0 1 9

0 . 0 0 2 0  
0 . 0 0 2 5

0 . 0 0 1 6
0 . 0 0 1 8

? H a t a l
0 . 0 0 3 2

0 . 0 0 3 9
0 . 0 0 4 1

0 .0 0 1 2 ,
0 . 0 0 1 8

0 . 0 0 0 7
0 . 0 0 1 4

8 M a u r i t i u s
0 . 0 0 2 0 0 . 0 0 1 2

0 . 0 0 2 0
0 . 0 0 1 4
0 . 0 0 1 5

0 . 0 0 0 9
0 . 0 0 1 0

9 f f i i t e _ S u g a r - s
W h i t e  B e e t

0 . 0 0 0 2
0 .0 0 0 0 7
0 .0 0 0 1 1

0 . 0 0 0 2
0 . 0 0 0 2

0 .0 0 0 0 7
0 .0 0 0 0 7
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I t  w as  f o u n d  h e r e  t h a t  5 t o  10 m i n u t e s  s u f f i c e d  t o  

d e v e l o p  t h e  maximum I n t e n s i t y  o f  y e l l o w  w i t h  t h e  

s u l p h o s a l i c y l i c  a c i d *  W i th  ammonium s u l p h i d e  20 t o  25 

m i n u t e s  e l a p s e d  . . b e f o r e  t h e  maximum c o l o u r  a p p e a r e d *

On a n a l y s i n g  t h e  r e s u l t s  i t  a p p e a r s  t h a t  t h e r e  i s  

a s  much l i k e l i h o o d  o f  e r r o r  i n  t h e  a s h e d  s a in p le s  a s  i n  

t h o s e  w h e r e  e s t i m a t i o n  w as  d i r e c t *  .

I n  p r a c t i c e ,  t h e s e  e s t i m a t i o n s  a r e  s e ld o m . .d o n e  i n  

d u p l i c a t e s  t h e  d u p l i c a t e  r e s u l t s  h e r e  r e p o r t e d  show 

l a r g e  v a r i a t i o n s  f o r , t h e  m o l a s s e s ;  s a m p l e s ,

The raw  s u g a r s  r e s u l t s  a l s o  v a r y  c o n s i d e r a b l y ,  b u t  

a r e  p r o b a b l y ; h e  a c c u r a t e  w i t h o u t  a s h i n g  a s  w i t h ,  a s h i n g *

R e s u l t s w i t h  S P e k k e r  P h o t o e l e c t r i c  A b s o r p t t o m e t e r  f o r  

8 u l 2 M m l l o z U a _ a ç id_method_ fo r _ I r  ’ ;

C o n d i t i o n s : -  A f e b r o u s  s t a n d a r d  i r o n ;  s o l u t i o n  was u s e d  

1, cc* = 0 . 0 0 0 1  gm* I r o n  c o n t a i n i n g  s u l p h u r i c  a c i d  t o  

p r e v e n t  h y d r o l y s i s *  2 c c s  * o f  20  p e r  c e n t  s u l p h o s a l i c y l i c  

a c i d  an d  10 c c s .  o f  10#  ammonia w e re  a d d e d  i n  t h a t  o r d e r ,  

t o  M e s s i e r  t u b e s  c o n t a i n i n g  ,Q.5 t o  11 cc s*  o f  t h e  s t a n d a r d  

i r o n  s o l u t i o n s *  H e a d i n g s  w e re  m a d e - i n  t h e  A b s o r p t i o m e t e r  

i n  1 cm* c e l l s  u s i n g  c o l o u r - f i l t e r  Ho* 5 a n d  t a k i n g  t h e  

d a r k e s t  t u b e  a s  s t a n d a r d .
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Ho. CCS.
I r o n
S o l u t i o n

Gms. Fe 
p r e s e n t  
i n
50 CCS.

y
Fe . ■ 
p e r  0 0 .

P a r t s  
' p e r  
m i l l i o n

R e a d i n g
i n

P h o to m e t

1 , 11 0 . 0 0 1 1 22 22 S t a n d a r d

2 ' / 10 , 0 . 0 0 1 0 20 20 0 . 0 3 5

5D - s . /  : : 0 . 0 0 0 9 ' ;18 18 0 . 0 4 3

4 . ; \  8 0 .0 0 0 8 16 16 0 . 0 6 0

5 .  \ : 7 ' : . . 0 . 0 0 0 7 14 14 0 . 0 7 0

6 . r  ;-6 6 . 0 0 0 6 12 0 . 0 8 8

7 . 5 , 0 ib0Q 5 10- 10 ' 0 . 1 0 3

8V ' 0004 ‘  8 0 . 1 2 5

9 . 0 . 0 0 0 3 ■' 6 /  '. 6 - 0 . 1 4 0

1 0 . 2 ; ■, , 0 .0 0 0 2 : .4  " , 4 0 . 1 6 5

1 1 . :• -  i 0 .0 0 0 1 /- /2% 2 0 . 1 8 5

1 2 . ' 0 . 5  : 0 . 0 0 0 0 5 1 1 0 . 2 0 0

/T he  l a r g e r  am bunt o f  ammonia was u s e d  t o  n e u t r a l i s e  

t h e  e x c e s s  o f  a c i d  f o u n d  n e c e s s a r y  t o  s t a b i l i s e  t h e  f e r r o u s  

s t a n d a r d  s o l u t i o n .  I t  w i l l  be s e e n  f r o m  t h e  a c c o m p a n y in g  

curve :  t h a t  t h e  s u l p h o s a l i c y l i c  a c i d  c o l o u r s  w i t h  i r o n  

o b ey  t h e  B e e r - L a m b e r t  l a w  f a i r l y  w e l l . T h i s  g r a p h  e n a b l e s  

i r o n  t o  be  e s t i m a t e d  u s i n g  o n l y  one s t a n d a r d  ( c o h t a i n i n g  

22  p a r t s  p e r  m i l l i o n  o f  I r o n ) .



308

THE E S T I M A T I O N  O F  I RO N  BY S U L P H 0 5 A L  I C Y L t C  A G I D_

C O L O U R -

02 ■O* ■oe
- R E A D I N G S - I N - A

- E 5 T I M A T I O N O F  I R O N  By T H I O C Y A N A T E  —

91
17-5

C O L O U R f i l t e r -

\.
- N 0  6 -

\ C l R C L E S
r e s u l t s

S H O f f  R E P  
f i v e  D A T S

e a t
e a t e a -

\
\ o

V 4 U-Ù uu 1-0 12 14

- R E A D I N G S  IN A B S O R P T I O M E T E R -

FIG. 27



. - 3 0 9 m

...a  m o d l f i o a t  1 on of t h e  S u l p h o s a l i c y l i c

A c id  M e th o d .  \

A f t e r  t h e  a b o v e  w o rk  h a d  b e e n  c o m p l e t e d  t h e  a u t h o r *  e 

a t t e n t i o n  w as  d raw n  t o  a, p a p e r  by  A l t  en» W e l l a n d ,  and  Hille 

Z. A n o r g .  Ghem ie ,  2 1 5 ,  81 (1933.) m o d i f y i n g  t h e  s u l p h o ­

s a l i c y l i c  a c i d  m e th o d  f o r  i r o n .  D e t a i l s  a r e  g i v e n  b e l o w : - 

P r o c e s s ' :  o f  E s t i m a t i o n : -  P i p e t t e  t h e  t e s t - s o l u t i o n  i n t o  a

100 CCS, f l a s k  and  m ix  w i t h  10 c c s ,  o f  h  E H .0 1 ,  2 c c s .  o f  
. . .  j  4

s u l p h o s a l i c y l i c  a c i d ,  and  20 c c s .  o f  M so d iu m  c i t r a t e .
■’ - - 10 .

„Eow a d d  E E âO H ,f ro m  a  b u r e t t e s  t h e  i n i t i a l  r e d  c o l o u r

c h a n g e s  t o  y e l l o w « r e d ,  b e c o m in g  b r i g h t e r ;  w i t h  v e r y  s m a l l

a m o u n ts  o f  i r o n  i t  may d i s a p p e a r  c o m p l e t e l y .

The c a u s t i c  ,s o d a  i s  now a d d e d  d r o p  by d r o p  u n t i l  t h e

yellow_ c o l o u r  r e a c h e s  i t s  maximum i n t e n s i t y ,  when 10 c c s ,

o f  H EaOH a n d  120 b c s . o f ' b o r a t e  b u f f e r  s o l u t i o n  o f  pH 12

a r e  a d d e d * a n d  t h e  s o l u t i o n  made up t o  t h e  m a rk .  A f t e r

3 h o u r s ,  t h e  r e a d i n g  i s  t a k e n  i n  a, c o l o r i m e t e r  t h r o u g h  a

b l u e  o r  v i o l e t  f i l t e r .  The c o l o u r  i s  m ore  y e l l o w  w i t h

d e c r e a s e  o f  h y d r i o n  a n d  c h a n g e s  t o  a  g o l d e n r , y e l l o w  a t

pH 7 , 9  o r  t h e r e a b o u t s .  I f  M anganese  i s  r e s p o n s i b l e  f o r

h a l f  o r  m ore  o f  t h e  c o l o u r  v i s i b l e ,  r e - e s t i m a t e  i n  a c i d

s o l u t i o n



R e a g e n t s ÎJ Mî^Gl s-* 53*5 gms* per l i t r e

II I) 21*01 gms. o f  c i t r i c
10 ” "*
a c id  in  200 c e s .  of normal sodium hydroxide and make 

up: t o i  l i t r e *

BoZ§i^^M£fei-.SpluMoQ^iS_.RSî- D i s s o l v e  12 .04  gms. of

h o r ic  a c id  in ..100 .c’c s .  of 00 g - f r e e  no rmal HaOH and mad e

to  1 l i t r e .  :-5.4 p a r t s  of" ¥  IJaOH and 4*6 p a r t s  of the
-lÔ ,    . '

h o fa te  s o l u t i o n  g iv e  1 2 .0  pH b u f fer  s o l u t i o n .

B x p e r i f f l e l i t a l s T h i s  m e t h o d 'w a s  t r i e d  o u t  w i t h  s u g a r s *  

The c o l o u r  g r a d a t i o n  i n  t h e . s t a n d a r d s  was f o u n d  t o  be 

i n f e r i o r  to ,  t h a t 'w l t h  no :b u f f e r  p r e s e n t * ' The e x a c t  

p o i n t :  when t h e  a d d i t i o n  . o f H a O H  s h o u l d  be s t o p p e d  i s  v e r y  

d i f f  i c u l t  1 6 j u d g e , a n d  t h e  t h r e e  h o u r s  d e l a y  b e f o r e  

r e a d i n g  i s  a  d i s a d v a n t a g e *  l ' o r  s u g a r s ,  w h e r e  no %

i n t e r f e r e n c e  o f  h e a v y  m e t a l s  i s  l i k e l y  t o  o c c u r ,  t h e  

m e th o d  a p p e a r s  t o  be t o o  cumbersome f o r  u s e .  S e v e r a l  

w h i t e  and  raw  s u g a r s  w e re  t e s t e d ,  an d  g a v e  g o o d  a g r e e m e n t  

w i t h  t h e  r e s u l t s  o b t a i n e d  w i t h o u t  b u f f e r i n g .
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DETRRMIhATIOh Ol’ -lROh*

Method ( 1.5)£" Ammonium_Thiocyanates- A red colour i s  

produced when a thiocyanate so lu t ion  i s  added to a so lu t ion  

containing f e r r i c  ions .  The colour in t e n s i t y  i s  

extremely dependent upon the composition of the so lu t ion  

and i s  hy no means proportional to the concentration.

The red colour i s  due to the undissociated  s a l t  and 

to i t s  double compounds, the ion ised  s a l t  being co lo u r le s s .  

The red co lorat ion  fades slowly on exposure to bright  

d if fu sed  day light ,  ' ;

. Ammo n ium Th i  o c y an a t e; - 7. 612 gms, of the pure

s a l t  made to 100 ccs ,  with d i s t i l l e d  water: th is  g ives  a

molar so lu t io n ,  - ' . / -

A standard f e r r i c  so lu t ion  i s  used.

Procedures^; The sample so lutidn  i s  trea ted  with 5 ccs .  

of the reagent so lu t ion  and matched with standard, so lu t ion s  

s im i la r ly  prepared, in h e s s le r  g la s s e s .

hot e s T h é  Colour i s  probably due to a complex s a l t  which 

f e r r i c  th io cy a n a te .forms with the a lk a l i  s a l t  : to the

potassium complex s a l t  the formula Pe(GhS)^. 9KGhS has been 

attr ib u ted .  . More recen t ly  the formula Pejpe(GhS).^ has. 

been given to  th is  complex. ( MeAlpine and Souie, "Qualitative  

Ghemical A n a lys is ’* ( Chapman and, H a l l , 1933), . p, 319) •

Many substances in ter fer e  markedly with the reaction , the 

action being so prohpuhced that i t  may be impossible to 

produce;a colour even in the presence of considerable



q u a n ti t ie s  of iron. Improvement i s  obtained by 

extraction  of the f e r r i c  thiocyanate with so lven ts  such 

as amyl a lcohol or ether, h. S trafford  in an I n s t i tu te  

of Chemistry Lecture, (1933) said  "the method requires  

so many precautions that in view of more r e l ia b le  methods, 

i t  heeds no further consideration", Stokes and Cain 

( l o o , c i t . )  who in ves t iga ted  the method very f u l l y ,  stated:  

"the in te n s i ty  of the colour i s  so influenced by the 

nature and concentration of the substances present that  

unless  the t e s t  so lu t ion  and the standard so lu t ion  with  

which i t  i s  compared have id e n t ic a l  composition and 

concentration,,  r e s u l t s  varying many hundred or even 

thousand per cent from th e . tr u th ,  may be obtained".

Sxperimen t a l :" The presence of white sugars was found 

to cause fading with th i s  reagent. With raw sugars the 

pink colour was completely obscured by the yellow colour 

of the sugar. # 0  further  t e s t s  were made with sugars,

but a ser ies ,  of readings was taken in the photoe lec tr ic  

absorptlometer.
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Th10 cvanate_ readings wi t h  the P hotoe lectr ic  Ahsorptiometer'

Condi t i on s A  f e r r i c  standard so lu t ion  was used

containing 0.0001745 gm. Pe per cc. Two ccs .  of H
1

ammonium thiocyanate were added and the volume made up 

to 50 c o s r e a d i n g  immediately in the photometer in a 

1 cm, c e l l  using ho. 6 f i l t e r ,  and taking the darkest 

tube as s ta n d a rd . .

Bo. CCS. Cms. Readings Readings repeated
Iron. Pe Pe per in Photo­ with same
Solu­ present c c , or meter s o lu t io n s .
t io n in 50 CCS. parts per

m il l io n

1 0 .00192 58.0 Standard . Standard
2 10 0 .00175 35. 0 0.115 0.06
3 . 9 0 .00157 31.4. 0.150 0.13
4 ( ; 8 0 .00140 27,9 : 0.230 0.235

"53: 7 0 .00122 24.4 0.300 0,31
6 6 0 .00105 20.9 0.410 0.42

5:- 0 .00087 17t 5 0.495 0.54
8 .4 0 .00070 ' 14.0 - 0.590 0.60
9 3 0 ,00052 : ^ 1,0.4 . 0.698 0.74

10 2 0 .00035 7.0 0.860 0.88
11 1 0 .00017 3.49 1.05 1,03
12 0 .5 0 .000087  ̂ 1.74 1.16 1.10

The l in e  p lo t ted  on the graph from the above f igures  

shows>that the.Beer«Lambert law i s  not obeyed: th is  may

be due to thé, fading which in ev itab ly  occurs with thiocyanate  

during the reading of a s e r ie s  of so lu t io n s .

I t  i s  noteworthy that  the curve approximates more to a 

s tra igh t  l in e  when the readings were repeated a f ter  some 

days had elapsed.
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( l4)-^*~ üsing_TMlaglYçolllo_Aoid .

(Mercapto-acetic acid HS. CHo. COOH> or CoH^O.,S)

With f e r r i c  sa .lts , t h io g ly c o l l i c  acid g ives  a 

tran s ien t  blue colour due to f e r r ic  t h io g l y c o l l a t e ,

Pxcess of the rea.gent reduces th is  compound to 

ferrous th io g ly c o l la t e  which i s  co lou r less  in neutral or 

acid so lu t io n .  On making a lk a l in e ,  however, an intense  

purple colour appears caused hy formation of the coloured  

anion PeQs.OHg.COOjR

This reagent i s  used to determine t o t a l  iron, s ince  

f e r r i c  s a l t s ,are reduced to the ferrous s ta te  hy the 

reagent i t s e l f ,  without need for  prior reduction. Oxidising  

agents should be avoided since they tend to prevent th is  

reduction, and a lso  may ox id ise  the reagent to D i t h io g ly c o l l i c  

acid which g ives  no colour e i th er  with the f e r r i c  or ferrous  

iron. The purple colour is 'u n s ta b le  in the presence of 

f a i r l y  small amounts of strong a lk a l i s ,  and therefore the 

use of atimonia i  s’ rec ommended.

Reagents :-  T h io g ly co l l ic  acid so lu t io n s -  prepared by thé 

addition of 4 ccs .  of t h i o g ly c o l l i c  acid to a so lu t ion  of 

8 C C S ,  b f  concentrated amiaonia in 50 ccs .  of water. 

Standard iroh  so lu t ion  - a f e r r ic  so lu t ion  i s  prepared 

from iron wire.



Procedure :« The t e s t  so lu t ion  in a B ess ler  g la ss  i s  >

treated  with i; .ccf of the t h io g ly c o l l i c  acid reagent., 

and-then made strongly  a lkal ine  hy the addition  of 

1-2 PCS. of concentrated ammonia. I t  i s  now made up 

to volume, and compared with standards s im ila r ly  

prepared, ^

Bo l à  8 : A comparatively large excess of ammonia has no

appreciable e f f e c t  on the colour produced hy a given  

amount of iron.

The preparation with ammonia reduces the unpleasant 

odour of the reagent.

The standards:may fade in  an hour, hut even 24 hours 

l a t e r  the colour can be restored by shaking,

I n t e r f  e r e n G e m Ghlorfdes, sulphates, f lo u r  id es ,  and 

phosphates have n o ; e f f e c t |  sodium s i l i c a t e  has a bleaching  

action on the colour, _ Copper  ̂ s a l t s  cause a sloi¥ fading,  

n e g l ig ib le  when only ,sm all amounts are present.

With manganese s a l t s  a brown colour develops at f i r s t ,  

but i s  reduced by the reagent on standing,

Bickel g ives  a reddish-brown colour which may mask 

the iron colour; cobalt in te r fe r e s  s e r io u s ly ,  g iving a 

deep y e l lo w ish  brown colour. ' Chromium g ives  a pink- 

purplish-red colour and must he separated from the iron.

With aluminium present, iron can be determined i f  the 

aluminium i s  kept in so lu t ion  by addition of excess ta r ta r ic

acid.



f , T h io g ly co l l ic  acid ;is n o t 'v e r y ' s a t i s f a c t o r y  as a 

spot t e s t  fob detec t in g  iron owing to in terference  by the 

above metals but is .  su itab le  for quantita t ive  work in 

th e ir  absence, ,

The reagent w i l l  g ive  an immediate co lorat ion  with  

one part in f i v e  m i l l io n  parts of so lu t io n ,  and w i l l  g ive  

a colour on standing for  a few minutes in a so lu t ion  

containing one part of iron in ten m i l l io n .

Bxpe riment a l :- T h io g ly co l l ic  Acid.

(1) Test, Limits s« using 5 drops (0 .25 c c s . )  reagent and

;:2 c e s , Vof 10^ ammonia ( “ ),

SeriesÇ1) .

Bo, dms, Be 
present  
in 50 CCS,

; " ;
Be in
5Ô.CCS,

, Parts 
per
m il l ion

Remarks,

1 0.000005 0,1 The colour grading wqs

2 0,000010; 10 0.2  - immediately very d i s t in c t s

3 0.000016 : 15 3Sv,. 0 .3 a f ter  standing overnight the

4 0.000020 0.4 colours were s t i l l  d is t in c t l ;

5 0,000025 25 0.5 graded but showed a l i t t l e

6 0.000050 50 1,0 i n t e n s i f ic a t io n  on shaking. _
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S.er.l.es ( 2) .  As in. S er ie s  (1) using lower concentrations'
of iron and 0.5 GG. of T h io g ly c o l l ic  reagent.

--------- -

Bo. Gms. Be Parts •

present Be in per Remarks.
in 50 CCS. 50 C C S . m il l io n

'—----- -—-— —...
1 O.OOPOOl 1 0.02 Bos, 3, 4 and 5 were

2 0*000002 2 : a*04 y d i s t i n c t l y  pink. Bo. 2

3 0.000003 T: , 3 _ 0.06 - appeared pink only when

4 0.000004 ' \  4'' ; 0.08 compared with the blank and

5 0.000005 "^5 C'-'' :d . i Bo. :3. , Bo. was

6 B i l  -  ■ ' ■ ; p r a c t i c a l ly  equal to the

.. . 3 ‘ blank tube, \ "

■ ■■■ ■ b l a n k . .....

Deft overnight;: the colours next morning wpre s t i l l

w e l l  graded, the pinks béifig' s l i g h t l y  d u l le r .  .

( 2 ) E f fe c t  of Buffer So lutions :

So lu tions  were prepared by taking 10 cos .  of- standard 

iron so lu t io n  containing 50 gam m a o f  iron in  50 cos. adding 

0.25 cc. of t h i o g l y c o l l i c  reagent, and making up to 50 ccs .  

with standard buffer so lu t io n s .  Bo colour was developed 

below 7 .4  pH ( in  the completed tube).  , The u se .o f  ammonia 

in making up the reagent o r ig in a l ly ,  brought up the pH 

values of the f i n a l  tubes.  Above 7 .4  pH the colour was 

f u l l y  restored on shaking a f te r  24 hours. The reaction  

appears to be more s a t i s fa c to r y  w ell  on the a lk a l in e  s id e .  

The odour of the reagent i s /o b je c t io n a h le  when w e l l  masked

by ammonia.
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( 5 ) E f  f  e c t  o f  G one e n t  r a t  i  on o f  A ^ g n i  a :  -

; 10 COS. o f  s t a n d a r d  i r o n  s o l u t i o n  c o n t a i n i n g  50 gamma

o f  i r o n  w e re  p l a c e d  i n  e a c h  o f  15 B e s s l e r  g l a s s e s  f o l l o w e d  

by  0 , 2 5  c c . o f  t h e  t h i o g l y c o l l i c  r e a g e n t  a n d  t h e n  by t h e  

u n d e r - n o t e d ,  q u a n t i t i e s  o f  c o n c e n t r a t e d  ( 0 , 8 8  s p . g r . ) .  

am m onias -  0 . 0 5 ;  0 . 1 ;  0 . 2 ;  0 . 4 ;  0 . 6 ;  0 . 8 ;  1 ,  2 ,  4 , 6 ,  8 ,

1 0 ,  2 0 ,  3 b ,  40 CCS.

I n  e a c h  c a s e  a  b r i g h t  p i n k  c o l o u r  was o b t a i n e d  i n i t i a l l y ,  

w h i c h  f a d e d  t o  p a l e  o r a n g e  on s t a n d i n g .  The i n t e n s i t y  o f  

c o l o u r  w a s  e q u a l  i n  t h e  t u b e s  up  t o  20 c c s .  o f  c o n e ,  ammonias 

a f t e r ,  t h i s  c o n c e n t r a t i o n  t h e r e  was d i s c h a r g e  o f  c o l o u r .

On l e a v i n g  o v e r n i g h t  t h e  c o l o u r s  d i s a p p e a r e d  an d  d i d  n o t  

r e - a p p e a r  on s h a k i n g .  T h i s  i n d i c a t e d  t h a t  t o o  l i t t l e  o f  t h e  

r e a g e n t  was  p r e s e n t .  ’ ' . -

( 4 )  E f f  ec t_^pf  tC p n g e n  Th i  og  l y  c_o 11 i  c_Ac i  d s -

( a )  1  C O .  o f ; r e a g e n t  w i t h  1 . 5  c o s .  o f  o o n c .  ammonia an d  

50 gamma o f  i r o n  w e r e  made t o _ 5 0  c c s .  i n  a  B e s s l e r  t u b e  an d  

l e f t  o y e r n i g h t s  t h e  c o l o u r  was  p e r m a n e n t  t h r o u g h o u t .

( h)  U sing;  1 ,  5 CCS. . o f  c o n e . ‘ ajimionia an d  50 gamma o f  

i r o n  t u b e s  w e re  made u p  w i t h  0 . 2 ,  0 . 4 ,  0 . 6 ,  0 . 8 ,  1 . 0 ,  1 . 5 ,  

a n d  2 . 0  c c s .  o f  t h e  t h i o g l y c o l l i c  r e a g e n t .  A f t e r  0 . 6  c o s ,  

t h e  d q l o u r  i n t e n s i t y  was  n o t  a l t e r e d  by a d d i t i o n a l  r e a g e n t ,  

b u t  b e lo w  0 . 6  c c .  t h e  p i n k  t i n t s  w e re  p r o g r e s s i v e l y  w e a k e r

an d  l e s s  s t a b l e  on s t a n d i n g .
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( c )  W i t h  1 cc* o f  t h i o g l y c o l l i c  r e a g e n t ,  b r i g h t  

a n d  s t a b l e  c o l o u r s  w e re  o b t a i n e d  when t h e  ammonia was 

v a r i e d  f r o m  0 . 2  t o  20 c c s .

C o n c l u s i o n s Î -  1 . 5  c c s . o f  c o n e ,  ammonia a n d  1 c c .  o f  

t h i o g l y c o l l i c  a c i d  r e a g e n t  a r e  t h e  op t im um  a m o u n ts  t o  u s e .

(5 )  E f f e c t _ p n _ S u g a r s : -

W i t h  w h i t e  s u g a f s  t h e r e  was no f a d i n g  o f  t h e  p i n k  

c o l o u r  w i t h  5 gms.  o f  w h i t e  s u g a r  p r e s e n t ,  b u t  w i t h  y e l l o w  

o r  raw  s u g a r s  t h e  l e a ^ s t  t r a c e  o f  y e l l o w  m a sk e d  t h e  p i n k  

c o l o u r  c o m p l e t e l y  an d  r e n d e r e d  c o m p a r i s o n  i m p o s s i b l e .

The m e th o d  a p p e a r s  s u i t a b l e  f o r  d e t e r m i n a t i o n  o f  

i r o n  i n  w h i t e  s u g a r s ,  b u t  c a n n o t  be  a p p l i e d  i n  p r e s e n c e  o f  

c o l o u r e d  s u g a r s .
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( 6 ) Detërmlnat io n _..of_Irfln_in__Asbed_S..Ugar_£rodaGtss

C o m p a r i s o n  o f  T h i o g l y c o l l i c  Ac i d M e thod  w i t h . S u l p h i d e  

a n d  S u lp h o  s a l  i  c y l i  c_ Ac i d  M e th o d s

I R O N
■ Bo. .S am p le By T h i o g l y c o l l i c  

Ac i  d
By  Aïmiionium 
S u l p h i d e

'

By S u l p h o - 
s a l i c y l i c
A c i d . __,

1 k l g ÿ p t i à n  /•’; ’ ; ‘ • 
M o l a s s e s

\  ' C o . :022.
"f:  0 . 0 2 0  .

0 . 0 1 3  
. 0 . 0 8 1

0 . 1 0 8
0 . 0 0 5

2 N a t a l
M o l a s s e s  ' -■

' f  0 . 0 2 1  : 
/  /  0 . 0 4 0  ,

0 . 0 0 8 6
0 . 0 1 5 0

0 . 0 0 5
0 . 0 1 3

3 Raw-i S u g a r  s. ■ 
iSah D o m ih g g  <

I  0 .0 0 1 7
: 0 . Ô019

V0 . 0 0 2 6  
0 . 0 0 3 6

0 .0 0 1 4
0 . 0 0 1 5

4  ̂J a v a   ̂ .. - I  " -
0 .0 0 0 9  
0 .0 0 0 9  _

0 . 0 0 1 3
0 .0 0 1 9

0 .0013^
0 . 0 0 1 3

5 D e m e r a r a  ; ; : ' W . b o i i  
 ̂ ' V . 0 0 0 8

0 . 0 0 2 4  
0 . 0 0 2 2

0 .0 0 1 6  
0 . 0 0 2 2 .

6 W est
I n d i e s

0 . 0 0 1 4
0 .0 0 1 4

0 . 0 0 2 3
0 . 0 0 1 9

0 . 0 0 1 6
0 . 0 0 1 8

7 ,B a t  a l 0 .0 0 2 2
0 .0 0 1 7

0 . 0 0 3 9
0 . 0 0 4 1

0 .0 0 0 7
,0 .0 0 1 4

8 I f e u r i t i u s 0 .0 0 1 0
0 .0 0 1 0

0 . 0 0 1 2
0 . 0 0 2 0

0 . 0 0 0 9  
0 . 0 0 1 0  _

The r e s u l t s  a r e  shown i n  d u p l i c a t e .  The same o r d e r  

o f  r e s u l t s  o b t a i n s  f o r  t h e  t h r e e  m e th o d s  i n  t h e  c a s e  o f  raw  

s u g a r s ,  b u t  t h ë  m o l a s s e s  f i g u r e s  a r e  v e r y  w i d e l y  d i v e r g e n t .
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;, De t e rmlnat i  qh of I r pti.. by_T.hi.og;ly col 1 l ç_Açid 

Readings in Sr)è.kker P hotoe lectr ic  Absorptlometer

y
Ho. Be P . P.M. Be Mean S c a l e

i n  50 GGs,., R e a d i n g s .

1. 3 . 0  ■ s t a n d a r d
2 ■ \ 125 0 . 0 do 44
3 : , 2 . 0 10 6 : 0 . 0 7 7
4  ̂ ' 1 .  5 :  .75 0 1 0 6  -
5 1 . 2 -60 : 0 . 1 2 4
6 1 . 0 50 1 0 . 1 3 2
7 0 . 7 ■- 35 : 0 . 1 5 0
8 ; 0 . 5 25 0 . 1 6 3

4# ' ' 0 . 3 15 0 . 1 7 4 .
10 o . ï 5 ' 0 . 1 8 5
Ĵ_n, ■■■ H--- -ir 1 ■ 1 ***« M U P ' i a ,  -III .— ..■Il ■■ Hmi'i 1.



■321 ^

M
: o l q u r

-Haa-

- S a w j E O i  T O  s - Q

" ^ E A D I h R S s  In I b S Q ^ P T IQ M E T E B —
Oil 020

FIG.2 8



- 3 2 2 -

DÜSTERMIU'AÏION OF lEOM'.---------------/ ----- \

Method ( 1 5 ) ;-  Using ^  \  /

'^ ] o V 2  c< o4 'D ipyridyl N <^  ^
Ferrous s a l t s  react in so lu t ion s  of mineral acids

with th i s  organic hase to give a so luble  deep red complex .

oat ion ; t h i s  i s  very s tab le  and possesses  the co-prdination
 ̂  ̂ ^ ^   ̂ 4" +

formula

Ferric  s a l t s  do hot react under the seune conditions .

Other ammine*forming m e ta l l ic  ions in acid so lu t ion  also  

react with  the. reagent but only g ive vfeak colours.

See F e ig l  and Hamburg, Z. Analyt. Gh. 86, 7:, (1931)

a lso  W*Do McFarlane J .I .F .C .  Anal,,-Ed. Vol. 8, p. 124, (1936),

For preparation of oL Dipyridyl see F. Blau,Berichte ,

21, 1077, (1888), and Hein and Retter, B.erichte 61, . 1790, (1928)

Reagents:* o<. o<̂  Dipyridyl i s  used as a 2 per cent so lu t ion  

in hydrochloric acid or in a lcohol .  A ferrous iron standard 

so lu t ion  may be employed. McFarlane ( l oc ,  c i t . )  uses  

a r t i f i c i a l  standards (made from cobalt n i t r a te )  in a photo­

e l e c t r i c  co lorim eter.  - ,

2ZRGedur e : The sample under t e s t  i s  treated  with 1 cc, of 

the Dipyridyl reagent, and then 0.25 cc. of 0.004 N ü'itdno'usu'o 

chloride so lu t ion  or a t in y  fragment of s o l id  sodium
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th iosulphate  i s  added to reduce any f e r r i c  iron to the 

ferrous condition . The so lu t ion  i s  d i lu ted  to 100 ccs .  

with acetate  buffer so lu t ion  of pH,4.7 (made by mixing 

equal-parts  of 0 .2  H a c e t ic  acid and O.SH.HaOH) and 

compared with standards prepared in the same way.

N o t e ' s T h e  ferrous d ipyridyl compound reaches i t s  

maximum in te n s i ty  of colour in a few minutes when the 

pH ippahove '̂ 5.5.;:;,' -  '■ .

tThe. method ip  m o s t 'sa t is fa c to r y  when the range i s

0.25 1 6  3 .0  gamma' per cc. ' \  /

l 2 E â f i a e n t ÿ , ; : f  ; ' : - ,

( l )  Test rlmi'ts:-  . k 1 per: ceht sol u t ion of the reagent In

alcohol' Was used./ Standards were made containing from 

1 to -2,5 gamma of ferrous iron in 50 c c s w i t h  0 .5  cc. of  

thé reagent added.to each tube.

.The,colours produced varied from very pale pink to 

pinkish  red. They in t e n s i f i e d  to a maximum in 10 minutes,  

and became du ller  a f te r  about 2 hours without showing 

serious fading,. The colours were then in d e f in i t e ly  s ta b le .  

With 0.0002 gm* of iron ( l  part in 250,000) a very bright  

deep red colour was produced. The lowest amount with which 

a pink colour could be discerned was 0.04 gamma per cc,

( S ) E ffec t  of Buf fe r ■S o l u t i o n s A s e r ie s  of t e s t s  showed 

that the maximum colour in te n s i ty  p e r s is te d  between 3,5 and 8.5  

pH t h is  confirming the l im it s  mentioned by S n e l l  Colorimetrie  

mëtho.ds'V Volvvii  PiSiOj. Outwith these  l im i t s  the colour-was 
not so pronounced-, :
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( 3 )  E f f e c t  o f  S u g a r s :m  W i th  w h i t e  s u g a r s  t h e r e  was 

no c h a n g e  i n  t h e  c o l o u r . w i t h  5 g ram s  o f  s u g a r  a d d e d .

Raw s u g a r s  o f  e v e n  l i g h t  y e l l o w  c o l o u r  m ask ed  t h e  r e d  

c o m p l e t e l y ,  g i v i n g  a t  b e s t  a  d i r t y  o r a n g e '  c p l o u r o

( 4 )  R e a d i n g s  i n  " B p e k k e r "  H i o t o e l e c t r i c ;  Â h s o r p t i o m e t e r s « 

U s in g  a  1^  a l c o h o l i c ,  s o l u t i o n  o f  ^  D i p y r i d y l :  0 , 5  c c s ,

o f  t h i s  r e a g e n f r a d d e d  t o  e a c h  h e s s l e r  g l a s s .  The 

c o l o u r s  p r o d u c e d ' V a r i e d  f r o m  v e r y  p a l e  p i n k  t o  p i n k i s h - r e d ,  

a n d  I n t e n s i f i e d  s l i g h t l y  on s t a n d i n g :  r e a c h i n g  a  maximum 

a f t e r  a b o u t  10 m i n u t e s .  S low f a d i n g  o c c u r r e d  a f t e r  two 

h o u r s .  ' ' ^

llo , ' .  ̂ Ee," P . P . M." Mean S c a l e "
R e a d i n g s , .

1 0 . 8 .0 7 4
2 ; 1 4.6 . .0 7 2
3 2*4 ... , 0 6 9
4 3 , 2 .0 6 7  .
5 4 . 0 ,0 6 4
6 6 . 0 .0 5 8
7 8 , 0 ,052
8 1 0 . 0 ,0 4 6
9 12.0 .0 4 1

10 1 6 . 0 ,0 3 3
11 : 2 0 . 0 s t a n d a r d

8 w e re p l o t t e d g r a p h i c a l l y ^  t h e  l i n e  o b t a i n e d

e a r l y s t r a i g h t , sh o w in g  t h a t  t h e  B ee r -* L am b er t .

la w  i s  f o l l o w e d  by  t h i s  r e a c t i o n  f o r  t h e  l i m i t s  t a k e n .



SUMiVLARY Qg.:RESULTS '

, Bo, Method Opt imum
Reaction
At

Fading-
of
Standards

vath
White
Sugars

With 
Raw ■■
Sugars \ :

-, ■ 1 Acetyl-acetone 1.0  pH or Do not fade U seless U se less
below U seless U seless2 Alloxantin 11 pH or Do not fade
above ;

Fair Fair3 Ammonium
Sulphide

High
a lk a l in i t y

Darken on 
standing

4 

: 5

Dimethylglyoxime

Dinitroso™

High
a lk a l in i t y

Fade
slowly
In te n s i fy  on

U seless Useless

resorc in o l 3 pH standing U seless U se less

6 "Eerron" 2 to 4 pH Stable Good U seless

7 IC. Eerricyanide High  ̂ , Fade , - . :Ho U seless
a c id i ty  , rapidly " ’ fading

8 K, Eerrocyanide. 0 .1  to 0.25 In te n s i fy  on ' S l ig h t U se less
Ho rmal long standing fading
a c id i ty

9 Pyramidon 1.0  pH 
0 . 2H acid

Fade slowly- Good U seless

10 Pyrocatechin ■ 5 pH green Fade slowly U se less U seless
11 pH v io l -

• 11 S a l i c y l i c  acid
er

4\pH Fade rapidly' ' U se less U seless

12 S u lp h o sa l ic y l ic  
acid

High . 
a lk a l in i t y

Do not fade Good Good

13 Ammonium .' ' 
Thiocyanatd.

pH 5 to 7 Fade rapidly U seless Useless

14 T h i o g l y c o l l i c .ad' .d High 
a lk a l in i t y

Do not fade Good U seless

15 oC Dipyridyl 3.5 to 8 ,5  
pH

Very slow fading Good

1
U seless
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3irj«Æ/ÆY OP RESULTS FOR KIE COLORIlvIBTRIC ÏÏEÏERMIYATIÛiJ OF IRÛR.

"
Method Test Limits  

Parts per 
m il l io n

Time for  
Development of 
f u l l  colour  
minutes.

1. Acetyl acetone l.Q  : Immediate

2, Alloxantin  w Immediate
3. Ammonium.Sulphi de 0.1 20-25

4 « Dimethylglyoxime 0 .2  : ' . is '- ' - .
5. 2:4 D in itroso  reBorcin ol 0 .1  = ■ . . Ve r y  slow
6, 7 m10 d 0  8w hydr o xy 

Quinoline } 
S^Sulphonic Acid ■ 0 .1  : - Immediate

7, Potassium Ferricyanide Immediate
8. Potassium Ferrocyanide y 0.2: 5-10 -
9, Pyramidon 0.6 ; Immediate

10. Pyrocatechin 0 , 6 . Immediate

11, S a l i c y l i c  Acid 0.6 Immediate

12. S u lp h osa l id y l ic  Acid - 0.02 Immediate

13. Ammonium Thiocyanate 0.02 Immediate

14. T h io g ly c o l l ic  Acid 0.06 Immediate ; : :
15. cA Dipyridyl 0.04 • 10
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DISOtlStSrOHs-. I t  IS e v i d e n t  f r o m  t h e  t a b u l a t e d  r e s u l t s  

t h a t  t h e  m e th o d s  m o s t  s u i t a b l e  f o r  d e t e r m i n i n g  - i r o n  i n  

t h e  p r e s e n c e  o f  s u c r o s e  a r e  t h o s e  e m p lo y in g  ( 1 )  " F e r r o n " ^

( 2 j  P y ram i  d o n , ( 3 )  S u l p h p s a l i c y l i c  A c i d ,  ( 4 )  T h i o g l y c o l l i c  

Acid, ,( 5 ^ ' D i p y r i d y l , ( 6)  P o t a s s i u m  E e r r o c y a n i d e ,  

an d  ( 7 )  Ammonium S u l p h i d e ,

Of t h e s e  m e t h o d s ,  t h e  S u l p h o s a l i c y l i c  p r o c e d u r e  

a p p e a r s  t o  be  t h e  m o s t  s a t i s f a c t o r y ,  s i n c e  i t  c a n  be 

u s e d  a l s o  i n  t h e  p r e s e n c e  o f  m o d e r a t e l y  c o l o u r e d  s u g a r s .

I t  h a s  a l s o  t h e  a d v a n t a g e  o f  low c o s t s  some o f  t h e  

r e a g e n t s  a r e  e x p e n s i v e ,  e , g ,  D i p y r i d y l  c o s t s  2 4 / -

p e r  g ram  a t  ; p r e s e n t , and  t h i s  h i n d e r s  i t s  g e n e r a l  u s e .

RECOMMEHmTIONs-"' T h e X î u l p h o s a l i c y l i c  A c i d  m e th o d  f o r  

d e t e r m i n i n g  i r o n  a p p e a r s  t o  o f f e r  a d v a n t a g e s  o v e r  an y  

o t h e r  m e th o d  t r i e d ,  an d  i t . i s  recom m ended  a s  s u i t a b l e  

f o r  u s e  w i t h  s u g a r  ' p r o d u c t s - e i t h e r  w i t h  o r  w i t h o u t  

i n c i n e r a t i o n .  ■ , X - ’
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The reactions  of organic compounds with f e r r i c  ch lor ide .

A. Reddish co lora t ion  or precipitate:™ given hy 

almost a l l  simple carboxylic ac ids .

B. Intense yellow c o lo r a t io n : - given by non-phenolic  

alpha-hydroxy ac ids ,  , : \

G, Green blue dr v io l e t  c o lo fa t i e n s s - given by most 

phenols and phenolic compounds (some in a lcoho l ic  

so lu tidn  only)I Keto-enolic  e s t e r s ,  and s im ilar

compounds.n - ■ ;  ̂ ,

The pérmàpence. of the colours varies, great ly ;  some 

p e r s is t .  I n d e f in i t e ly , ,  some disappear p n ly  a f te r  several  

minutes, while others change in t in t  almost immediately.

In 8ome cas e s , phen o1s give colo r at i on s in a ieoh o l ie  

so lu t io n ,  but none in w a ter ,so lu t io n .

Pyrocatechin, acety l-aceton e ,  s a l i c y l i c  and 

s u lp h o sa l ic y l ic  acids are examples of the above c la sse s  

of compounds which have been adapted to the colorim etric  

estimation of iron.

Tests were made with a few compounds in an endeavour 

to adapt them for  quantita t ive  use.

. With thymol the colour produced was tran s ien t  and 

not very deep even with large amounts of iron: with buffer
so lu t io n s  and with  ammonia, sodium carbonate, and sodium
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hydroxide r e s p e c t iv e ly ,  no improvement re su lted .  The 

s o l u b i l i t y  of thymol i s  only 0 .3  part per 100 of water 

at 1 5 ^ 0 , ,and t h i s  rendered i t  unsu itable ,  s ince with  

a lc o h o l ic  so lu t io n  p r e c ip i ta t io n  occurred bh addition  

to the iron so lu t io n .

With v a n i l l in  ( s o l u b i l i t y  1 part per lOO of water 

at 15^C) and s a lo l  ( inso lub le ,  in w a ter ) f ;n o ' better  

resu lts ,w ere  got .  The s a lo l  d isso lved  in alcohol and 

ether,gave a fa in t  v io l e t  colour with 10 gamma of iron,  

and with.methyl s a l i c y la t e  in the same solvent a fa in t  

pink .colour resu lted  with the same quantity of iron.  

Evidently  the in s o lu b i l i t y  in water i s  a drawback to the 

use of these  compounds for  the colorimetric, detect ion  of 

iron. ' ' ' . y - '

In general ,  ferrous s a l t s  react with a, group
#

containing en o l isa b le  hydrogen such as . 0 0 . G:H.OH in  

an open chain, whereas'the combination of an a lcoh o l ic  

group with an oxime, - which i s  s p e c i f i c  for  cuprous 

copper does not react wdth ferrous iron, (see  Dubsky 

& Langer, ,Br. Ohem, A b s tr , , AI, 638, Dec. 1938),

The rate of fading of the colours produced i s  genera l ly
■ the ,, ' '

dependent, bn the nature of/groups present in the compound

formed, and how prone puch groups may be to o x id ise ,  e .g .  

with the Dipyridyl compound: there i s  l i t e r a l l y  : nothing

present to o x id ise .  ■ X ;



331'

■Other T e s t s f o r  I r on.. - '

Some m e th o d s  o f  d e t e c t i n g  i r o n  a r e  h e r e  l i s t e d :  

t h e s e  w e re  n o t  i n v e s t i g a t e d  i n  t h i s  w o rk .

1 .  D e t e r m i n a t i o n  o f  i r o n  hy  a c o l o r i m e t r i c  m e th o d  :

u s i n g  0 % p h e n a n t h r p i i n e . S a y w e l l  an d  C unn ingham ,  

J . I . E . G . , A n a l :  E d .  V o l .  9 .  Ho. 2 ( 1 9 3 7 ) .

'2 ,1  F o rm a ld o x im e  g i v e s  a  v i o l e t  r e d  c o l o u r  w i t h  i r o n

- j  i n  s e v e r a l  m i n u t e s  ( D e n i g e s  C . A . , 9 2 7 ,  ( 1 9 3 3 )

3 .  D e t e f m i n a t i o n . 'O f ,  I r o n  hy I s o - n i t r o s o - a c e t o p h e n o n e  

( K r o h n k e , , Gas x , W a s s e r f  acli  7 0 ,  5 1 0 ,  ( 1927 ) ;

 ̂ B r i t X  Ghemn A h s . , 2 ,  B, 542: ( 1 9 2 7 ) .

4 .  : D e t e r m i n a t i o n  ‘ o f  I r o n  h y  t h e  c o l o u r  o f  f e r r i c  c h l o r i d e  

: i t s e l f ,  ' 1 .  -Hpstetter ,(%: Am. 0 , 8 . ,  4 1 ,  1531, ( 1 9 1 9 ) .

5 .  G h r o m o t r o p i c ^ a c i d  ( 1 , 8  . ;D ihydroxy  n a p h t h a l e n e ,

3 , ■6  d i u u l p h o n i c  a c i d )  i s  s t a t e d  hy  G u t z e i t  t o  g i v e  

a  c o l o r â t  i o n  r r i t h  i r o n  s a l t s : .  '

6.: ; D i - i s o h i t r o s e  a c e t o n e  g i v e s  a  b l u e  c o l o u r  w i t h

f  errous s a l t  s'  (D u h s k y  and  K u v a s ,  Chem. L i  s t y .  2 3 ,  4 9 6 ,  

( 1 9 2 9 ) ;  B r .  Ghem. A b s . ,  4 ,  A, 1 4 1 4 ,  ( 1 9 2 9 ) .



P r o f e s s o r  J .  R .  C u r r i e ,  M.A., M.D,, D.P.H 
Clerh o f Senate

%\xz ëkjsgûW*

30th May, 1940.

Dear S i r ,

The Secretary  of the University  Court has passed to me yoi 
l e t t e r  in tim ating your willingness to examina the th es is  of 
Thomas J. M itche ll ,  A .R .T .C .,A .I .G . , f o r  the degree of Ph.D.

I send herewith copy of the Regulations fo r  the degree, oi 
which I have marked portions for  your p a r t ic u la r  a t ten t io n .  ] 
may add th a t  the Ph.D« degree is  designed to  occupy a lower 
pos i t ion  than the B.Sc. degree, and to be granted on research c 
under supervision at a comparatively ea r ly  stage in  a candidate 
career .  At the same time a candidate must fu rn ish  a c lear  ac( 
of a genuine piece of research which has required for  i t s  execi 
t io n  both t ra in in g  and o r ig in a l i ty  of treatment.

I am also sending the th es is  , which please r e tu rn ,  along w; 
your rep o r t ,  at your e a r l i e s t  convenience, and, i f  poss ib le ,  nô  
l a t e r  than 12th J u n e , ( fa l l in g  that date 25th June,) 1940.

Kindly acknowledge r e c e ip t .

The Faculty of Science requests th a t ,  as Additional Examii 
you should, in  your rep o r t ,  make a de f in i te  recommendation for  
i t s  guidance;

(a) tha t  the candidate be approved for  the degree without fu]
conditions; or

(b) th a t  the candidate be approved for  the degree subject to
amendment of the thes is  or to fu r th e r  examination on t] 
subjec t-m atter  thereo f ;  or

(c) tha t  the candidate be not approved fo r  the degree.

Yours f a i th f u l ly ,

J.R. CURRIE,

E n d s .  Clerk of Senate.
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