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DEFLNITiON? OF TECHNICAL TERNS UuED'

% ASH:

BRIXC

LIQUOR

DIREQT

POLAR IS~
TATION

PURITY

This 1ndlcates pelcentage total mineral

matter left on ignition of a sample in a

muffle furnace.

The'BriX'hydrdmetér ﬁS’calibratéd to give

'dllGCtIY’the percentage of sucxoae in a
~sugal aclutlon in Whlch 1t is. 1mmelsed.
 Degrer Brix are-equ;valent to ﬁ‘sucrose
'ohlyAwhén theksolﬂtion.qontainsindfother 

‘solute than pure sucrose. LT impurities

are'pfesehﬁethe QBriX‘iéhhigher than the

-sucrose per cent,_~

The term llquom igs- generglly used to refer

\to a sugar solutlon flom which no sugar
"has been removed by clystalllsatlon.

\Thls 1ndlcates appraxlmately the per=

centage of (pure) sucrosé ‘in a sugar or

»sugar solntlon.:

The amount of sucroseﬁexﬁiessed as a
percéntage of the total éqlid substances
preéent in a sample df;augar, juilce, syrup,
molasses, is known as the purity of the

solution.

RAW WASHINGS This is the syrup obtalned by centrl-

fugal aeparatlon,of a mlxtur {Mfmagnat) ).

of raw sugar crystals and witer.  The



surface layer of theAcryétals.which con-~
tains the bulk of the impurities is thus
rartially dissbived, ﬁhe sugar obtained
froﬁ the centrifugals being termed “washédﬂ

sugax.

VMASSECUITE The terms-means literally a "cooked mass"
| and refers to the mlxture of crystals and
motherallquld resultlng from b01llng of

aagar lquOlS in a vacuum pan.

-Mbi&SSESjJTﬁis is-fhe éyrupispun bff‘in-bentrifugals
| | “:from the final massecuxte. the 1mpur1tle& 3
presenﬁ are in sufflclenﬁ amount to make:
;i 1t uneconomlcal t0 recover further sugar |
iflom thls molasses by ordlnaxy meana.
CRYSTAL- Thg sggar obtalned by spinning 1n/bentr1-

LISER SUGAR ‘ : :
o fugal a massecu1te b01led mainly from raw s

Waahlngs.

"BUFPPRING" Re51stance to change in pH value on theé

eddltlon of acid or alkall. Usually
caused~by the presence of saltsAof weak -

acids and baseg.
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PART I,

. THE_QCCURRENCE OF IMPURITIES

"IN VARIOUS SUGAR PRODUCTS.

- In thls 1ntroductory.sectlon, various
1mpur1tles 1n sugar products are dlscussed, and
a survey. of the relatlve llterature 1s made-’ in
some cases,aexpexlmental work by‘the author~1s

described.



THE PROCESS OF SUGAR MANUFACTURE .

(g)RAW'CANE SUGARS:- Raw cane sugars are made by
the following processes - t
(1) Defecation.
(2) Sulphltatlon.
(5) Carbonatatxon.
In. the 31mple d@fEeatiwn pxocess lime is added
gto,the extlacted julce. The pr601p1tate preduced |
is settLea and the clear Julce drawn off and con-~
centrated po SYTUD- .ThlsAsyrup is boiled to
t”~graiﬁ, and tﬁe‘cryétal separated by centrifugals,
the mothel-llquor belng worked up Wlth fresh syrup’
antll sugar w111 no longer erystﬂlllse from it,
vhen 1t 1s dlscarded as molasses. 3’
The sulphlﬁatlon and carbonatétlon processes
are similar to those described later under "Direct
Process® sugaré, but the purificatiqn for raw -
‘éugars is not taken so faf. o
Raw beet sugars are generally m#de by sulphi-
tation or éarbonataﬁion,proceéées. The bulk of
beetisugar'iﬁproduced”white for direct

consumption.



(b) _ DIRKCT PROCESS SUGAR:s  The term “Direct

proeas&“‘or “Plantatlan whlte“ Sugar is applled
pg\&ugars wh;qh_are made d;rgctly from.the Jmlce
of’the cane or béet by'soﬁé“éhemiéai process |
generally {1) &ulph&tﬂtian. or

(2) carbonatation

(1) SULPHITATION. Lime is added to the raW'Julce 

‘and_su;phur dloxlde (produced by burning aulphur)~
is' passed in, f@xﬁing'insalgble calcium &uﬁﬁﬁiﬁa,:
This precipﬁtate’aéﬁérﬁéé at its surface a pro- o
po?tien.af the calloidal 1mpur1ties of the

Juice. : Separatmon of the preclpltate 15

.efﬁected by decantatlon or Ty ﬂlltratlan. The
sulphur diax1ﬁe lessens the eolour of the juice -
‘ by :Lts b@éachmrgg (red ucn.ng) actmn. 'I}he
sulphltation.process Sugars are characterlsed by
loss of thalr whlteness durlng storage,. 6ue to
reuox1dat1on of‘part of the bleached colouring
mat$@p‘,.v3u9hgsggars are not suitable for
diréé%’hom§»consumption, being usually ree

fined by animal charcoal in the ?efineriQSa_

These sugars are principally made in Java, Natal, -
‘ mauritius,'ﬁbxica, and L&uisian&. | |

(8) CARBONATATION: In this process, which is

apbplied to both cane and heet juices, much more

lime is added initially. Carbon dioxide is




passed through the Llimed juice,and the
grenular p—raéipiﬁate Cof éaélciuﬁi carbonate
carries down with it & large proportion of the:
Juice impurities. niltratmn fo llews, and
is succeeded by treatment with more carbon
dioxide and further filtration. Finally
s;ulphur dioxide is passed. in,after cencentratiqn-'
af the juice to syrup.

Qarbonatation sugers are superior to
sulphltatmn sugars, but may also lose thelr
whlteness durmg storage- they are pm.ncipally
made in Java and Ratal and in most beat gmwing
:coumtrles. | o |

(‘d)l' REE‘INEB SUGARS" Cin the refining of raw

sugars for the prcductmn af fn.raﬁ quality
gr&nulated sugar it lS necessm'y to adopt &
,proceaa mvo lvmg the use’ of “carbon, &1ther as
amn:tal charceal ar &g " "activated carbon.®  The.
activated ca;rbons ha_ve nat come into general use
in tha refinmg ind ustry. They have excellent
decolorising propertles, but in the amounts used
they do not resmove asxh to any great extent.
With animal charcoalsash is very easily removed

in addition to aé’so.rptioﬁ of colouring ina*tters:.
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. DIEE LRENCLE: BETWEEI

L.

DIRECT PRDCbSo and REEINED SUGARS.~

Dlrect process sugars darken on storage by

:oﬁoxldatlon of colour;ng matters which are>~

, mo:ély'bieached and not removed by the pTOCess .

Direct consumption sugars are not sterile and

" ‘may contain mould spores, being thus unsuit-

able for the canning industries, since ferment—

v ation may arise with consequent disruption

' of the contalner. ‘

On b0111ng solutlons of direct process cane and

: beet sugars an albuminouS'scum rises, which

lS obgectlonable for the maklnq of confectlons.

,Sulphltatlon sugars are oiten mixed w1th ultra~-

fmarlno to neutrallse any yellow tlnt. This

- may cause the formation ofl’ sulphuretted hydro-

5

- gen by’ action with the 3016 1n the sugar.

Dlrect prooess beet sugars have an alkallne

"reactlon (due to p0t8881um carbonate). This

alkalinity is not.readlly-toleratod by

children. This alksline reaction may also

prevent. “gelling“-in the manufacture of

 Jams and Jellieau

All: the aghove un6631rable propertles

are caused by the 1ncomplete removal of impurities,

Aprihcioallyzcolloids, by the direct process of

manufacture. By the use of animal charcoal or

carbon in refining these impurities are ad-

sorbed and removed.
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EMPURITIBJ lN WHL”T SUGARS.

The 1mpur1tles in & reflned Whlte sugar as. it
_1eaVes ae flnal dxler in the reflnery are @sh or
_minéral.matter, reauclng sugars, and other_organlcl
matter,

ADuriné st&fage'in bags in a wafehbqée'further
imp@rities may be gathered by:the_sugér; these being
méihly dust from the air, fibre ffdm'fhe bags, and
[water Whiéh:is abaorbed until an eQuilibrium;haS'
-been reached Wxth the atmosphere.

‘The purlty of an‘avera@e.Whlte sugar is seldom
below 99. Bﬁ sucrose (by polarl ation method) , and
normally 99, 9A Sucrose.,

v The eutlmatmon of the other conbtltuento ie taus
‘dlfflcult 51nce they are present in suoh small amounts,
but estlmatlon 1% necessary for seveval reasonss detalled 
below. | |

SI Nm wmun OF TUPURIT IES

gggge- onesglve 1ron occuvrlng in the sugsr Nlli give
iﬁ'é greyish appearance which lessens its value on the
market sugar being normally valued by its whltenes
gince other faCtOrb (e.g, pOl&TlS&thﬂ)‘a?e usually

-equale
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HYGROSCOPIC SALTS: The pregsence of deliguescent salts

- such as magnesium chloride will affect the deterioration
of the sugar in storage. Hygroscopic compounds may also
occur due to the use of excess of lime in the refining
process, whereby lime-glucose decomposition products are
formed which absorb water readily.

DIRT, FIBRE, eto. This must be kept to the minimum

always,for hygienic reasons. In special cases it must
be eliminated as completely as possible - e.g. in the
sweetening of condensed milk where particles of dust or
fibre in the final product would be objectionable.
White sugars for such purposes are tested for dirt by
dissolving 200 gms. in water and filtering the solution
through a cotton wool pad about 3 cms. in diameter.

The dirt which collects on the pad is compared with
standards.

OTHER ORGANIC MATTER: Traces of organic matter may

cause development of odour during storage, thus betaine
in beet sugans gives rise to the characteristic "beet"
smell after long storage of these sugars. The presence
of these nitrogenous bodies may be used, in fact, to
distinguish between white cane and beet sugars (by
nesslerising). The ash content may be used as a basis
in the chemical control of refineries.

REDUCING SUGARS:- IEstimation of reducing sugars will
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-PI RT TESTS'ON VARIOUS*SUGARS—

WHITE SUGARS

YELLOW SUGARS

LOW YE LLOW SUGARS

RAW SUGARS

FIG.I
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givé information regarding the purity of a sugar,
particularly with lower grade products. Ash and
reducing sugar amounts are generally of the same order,
i.c, it is unusual to find a low reducing sugar content
with a high ash content. The amount of reducing sugars
in white sugars is also an index of the extent %o which
inversion hag taken place during the manufacturing process.
WATER:- It is well known that dry sugar will absoxrbd
water until eéuilibrium ig attained with the humidity
present in the surrounding atmosphere. When the water
content is high the sugar is more liable to deteriorate
due to the activity of micro-organisms.

For raw sugars a tentative figure known as a
tfactor of safety" has been put forward by the Colonial
Sugar Refining Co. of Australia. This may be expressed:

when & Water }<<:§Z§33, the sugar will not
100 - polarisation

deteriorate. The exact value of the factor is connected
with the concentration at which activity begins, and a
different factor wili obtain dependent on whether micro-
organisms present in the sugar are bacteria, yeasts, or
moulds. The production of large-grained sugars with
surface area at a minimum will lessen moisture absorption.
It is apparent that even with highly refined white

sugars the estimation of water is important, and this
importance increases with lower quality products,

egpecially in buying and selling.



- 9‘1‘-9 ‘

SARETY WACTOR:- Many investigators have studied this

| queétidn of deteridration; and they agree thaflthe
orlvlnal faCuor is téo high for many sugars, - and that
to cover all cases for 0031t1veqaﬁsty it should be
Vexpressed;-

.t 5vaOisture .%_3 . ) '
(lOOnPolarlsatlon - 0'35 or less.

The charf shown below is u%eful for determlnvng the keeping
qu@llﬁy of a %ugar.i~J l‘ |
§§§ﬂ§;§.~ A sugar hés a dlrect polarlsatlon of 96.0 and
'a m01sture content 01 O 90 per cent , It 1s w1th1n the
"safety zone".; If the m01sture were 1 06 per. cent for

the same polmflsailon 1t Would f&ll in 1he"doubffu1 zone,

‘whereaS‘a.m01stuge,of 1.37.p@r,cent at 96.0 polarisation

would definitely mark the §ugar as likely to deteriorate.

j % [~
97
ZONE OF DETERIORATION 2> ©
o
§ 5 o6 C,1-\7',/‘ <
] ‘ <A (F/o‘*& <0
< 7 |
‘a" ~ X
o5 N < SAFETY ZON[E
7 o
I )
! Q
]
“1~00 175 T TZ5 60 O75 550

PERCENT  MOISTURE .

'SAFETY FACTOR FOR RAW SUGARS.

FI1G.2
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ABSORPTION OF WATER BY WHITE SUGARS.

10 grams of each sugar weighed into a Petri dish
of 10 cms. diameter and exposed beside dishes con-

taining water under bell jars.

RE- ORIG~- A¥TER 18 ATTER 66
SUGAR DUC ING ASH INAL HOURS HOURS
SUGARS WATER WATER WATER
% % 7 % %
s = :#‘ T e —
GRANT-
LATED 1 . 007 .010 . 020 « 100 1.556
“do- 3 .016 0019 0018 0170 1061
-(do= 4 « 020 .018 .014 « 200 l.66
% GRANU- -
TATHED . 046 042 . 080 560 2.10
SCRIEN ANALYSIS OF ABOVE SUGARS.
SIBVES -« WMESH PER LINEBAR INCH
S UGAR Pasg~ Pags~-
20 | 25 | 30 | ing 30| 40 L 50 | ing 50
GRANU=-
TATED 1 22,5 | 24.3 | 21.8 31l.4 - - -
"""dO"" g 10.6 5304 53.7 2205 - - -
-do~ 3 - - 25.0 - 58.5 | 13.5 Sv0
“’dO‘ 4 - - 2500 - 5100 13.0 11.0
7 GRANU-
mmb- - - 5000 - 62.0 6;0 2-0
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GRIST TESTS_OF SUGARS,

‘?;érain_anaiyéis_is uééful in controlling the
-épératiﬁnéfin'the vacuum pans' .it is esséntial to
 keep the sugar ‘within veasonable llmlts of graln qlze.
'The graphlc method of reborflng bhe fests is shown in
the accomoanying fi#ure. The significant figures are
the amount of qugar retalned on a screen of 30 mesh per’
linear 1nch (directly proportlonal to the coarseness of

: graln) -and the amount of sugar passing through a 50 mesh
KSdreen (Inversely proportlongl to the coarseness of graln).
By representing theqverticalhgéalgs as shown, one direct
 and one iqverse; rééﬁlﬁs'may.bé:fécorded-aauin lines

1, 2, and. 3. | | | "

Llne l shows Si per'ceﬁt of coarse graln (above 30)
and 16- per cent of flne graln (below 50) the sugar is
thu% a rather coar%e grade*ofAfine granulated, true
"coarse granulated" belng much 1arger. Sugar 2 has
16 per cent on 30 mesh and 26 per cent through 50 meéh,_
and is an "extra flne"'granulated Sugar'ﬁ has 27 per cent
on 30 mesh and 24 per cent through 50, éﬁd*is therefore a |
badly b01led sugar, contalnlng much coarse énd much fine

graln mlxed.



—l2—

Hs3aw O M0138

___}_:__b____i_;_______

]
\ !
7 1
\ / t
/ / '
I3 Vi 1
/ 4 I
/ \\ !
-/ o, o/
/ 7
\ 4 .“
/
\ \ ._
!
___bt _; ‘ g “‘_%__j:l:
) Its) [e]

oJ 2

HS3m Ot 3A08Y Y/,

—CHARTOoFGRIST TESTS—

FI1G.3




The results below were obtained by the author in

ANATYSIS OF SUGARS.

a sugar refinery and represent gsome five hundred

analyseés made over & period of three years.

GRADE 1, GRANUILATED WHITE SUGAR.

YEAR REDUCING SUGARS ASH WATER
& Per Cent Per Cent Per Cent
SERINS [Min. | MaxX. | AVs (Min. | MaX. | AV. [Mine.| Max.] AvVe
1. .012 | ,O50 | .025),007 | .014{ .010|l.010| .0BO| .039
2. .008 | .030 | .OX?{.003 | .015| .009||.025| .060] .041
|
3. .008 | .031 | .0L7}.005 | .OR4| .011{,036| .080| .052
| 1 ‘:h*

Reducing sugars estimations were made by Ostls

method; ash determined by a conductivity method;

water percentages by drying 10 grams in & steam oven.

The figures shown in the next table illustrate

the increase in Impurities as the various sugars

decrease in purity - the process of refining sugar

being essentially one of fractional crystallisation

on the large scale, after the initial chemical

purification has been accomplished.



LIMITS

oo | Lo

FOUND TFOR WHITE SUGARS.

ALLOWABIZE

GRADE NORMAL SUM OF
of MAX THUM ATLOW-
Red. Red. ABLE
SUGAR Sugars | Ash | Sugars| Ash | MAXIMA
2 g | % i
Crystal 1 . 004 . 006 .010 .010 . 020
"dO" 2 . 005 » 008 » 010 . OlO 1] 020
Grade 1
Gr&nu" » 006 . 009 . 014.' * 014 . 028
lated.
Grade 2
Granu=- «011 .01l .015 .0156 « 030
lated.
Grade 3 l
iGranu- .014 L01Y7 . 020 . 020 040
_lated,
‘Grade 4
‘GranU" . 015 [] 020 * 025 ® 025 . 050
lated -
Manu- '
facturing .015 | .015 | .030 | .030| .060
icgystals
0ff-colour ,016 | .020 | .025 | .085| .050
1 —
Cubes 1 . 005 . 020 .010 .030 .040
Cubes 2 . 005 . 025 .010 . 040 . 080
Cagtor Ssugaxr . 010 « 020 . 0156 « 030 . 045
Z Granulated « 030 . 040 060 . 070 « 120

Methods of analysis -« Ost's method for

conductivity method for ash.

reducing sugars,
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Using the above methods of analysis, the following
results were obtained for Beet~-gsugars from seven

different factories:-
ASH RED.SUGARS

__FACTORY , Per Oent | Per Cent |
A 017 .001
B .012 . 005
c .017 . 001
D .018 . 005
B .011 . 001
¥ . 024 .001
g . 021 .001_

Beet sugars eontain very little reducing sugar.
This is primarily the case since the sugar beetroot
containg only a very small amount of reducing sugar,
(about 0.010 per cent) whereas the sugar cane contains
from 0.4 to 2 per cent. Furthermore, the pH value is
kept well in the alkaline range during beet sugar
manufacture, while in the cane-sugar process it is
often just at the neutral point, ox even in the acid

range.
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DETERMINATlON OF ASH OR MINERAT, NATTER
TN _SUGAR PROﬁﬁETﬁ.V

For meny years the dirvect incineration
method of détarmiﬁing ash was consildered the .
36nly'é§Curate méthod, the methed invelving
‘addition of suiphuric'acid CSquﬁated ashﬁ)
being regarded suitable anly for ‘routine. work,

Brown and Gamble ("Facts about sugar" _
Dec. 15th 1923), published results showing the
sulphated ash methéd»to be the more rellable
dctermination. It is now acoepted.that
neither methad gives an absolute measure of
the salts presant but that the sulphatad ash
'fgives rasults capable of replication.

) Withrew and Jamieson (3.1.%.C. 15, 4, 1928)
‘.Jfound that instead af the normal 10 per cent
rdeduction from tha resulﬁ ho allow for the
sulphatlon, 50.25 per cent was the lowest deduct-
‘Nien fer the sugar. used din: Lhair work.  They
found porcalain cruc¢bles sultable for ash work,
but obtained low results with fused sllica
crucibles.

Tha intreductian of alactrometrlo ash
methods has shortened the time required for ash
ea%&mataon. These methods are described in
Speﬁcer and Meade's"?ﬂéndbcak for cane sugar

manufacturers", D. 270, (John Wiley, 1929, )
~and wlll not be discussed here.




COMPOSITION OF ASH OR MINERAL MATTER.

The ash of‘sugara can be anélysed quantifativély :
very eompletely, but these analyses Go not 1ndlcate

the comblnatloﬂs orlglnally present in the sugar,‘.
because of pyrolytic changes durlnb the procesa of “
ashing. . Sulphates and chiorides, for example, mgy

be lost in part, sulphates being reduoed to sulphites
or sulphide@, while-chldridéS'may bé‘;ﬁi@ﬁﬁﬁﬂfto |
chlorine or aispiaced.by lgs&-volatiié acidib‘radicieég

In nost cases niﬁrates, ﬁitﬁiﬁes‘and ammonium | |
_salts will be drlven off’completely.

A Carbonatea occurrlng 1n the ash are formed partly ,v;
“by the carbon dl@dee produced by the burning of the
sugar. Phoaphcrus and aulphur in organmc comblnatlon
may be lost or converted 1nto 1norganlc compounds.,

So far no methods have ‘been evolved for determinlng
in White sugars such organxe non»sugars as the sapcnlna;
1nd1v1dual protelns, gums:, waxes, fats and Ollu, and
polyphenﬁbc compounds, all of whlch have been shown
to be present and probably exert 1nfluence on the

behaviour of sucroae durlng-heatlnga.‘
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The total ash in sugara shoulé be as lOW‘&& posslblet;
The con&tltuents of the total ash vary conalderably, ’

. average ana;yaea

are shown in the sub;elned table..

(1)

(2)

(3)

CONSTITUENT

~ Sulphated
Raw:Cane
Sugar}ASh

gane
Sugarx

Ash.

Beet

Sugar

Siiie&

_6:84

8429

1.78 .

K0

17,54

28,99

54,19

: 316 85

N&gQ’

Ca0.

'1‘-A;»12 3

0.87

8.83"

11,12

.60

Mébf

0.537

o 2. N3

’ogisft,

‘51205.

(0.28

FSEOS

. 6.49

(6,90

,4‘1'z;_

-fd;;1z7

1_357??

805 -

B6.07

 43.65

- 48.85H

Loss on L
ignition 1. ?57
|carbon 8. 057
_c0z

9.80 - |

Less 0 & Cl

. 100.47
.62

99.85

e

100.06

- 99,98

(1) Axeraoe of‘RaW'Sugar~aamplea from é.Refihery\d#éf"

one year.

(2) & (5) Trom “Sugar Growing & Heflnlng“
Lock,‘Wigner, & Harland,‘

Spons (1885).
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7fZANALY%?%~0F’THE ASH- (Sﬂiéﬂﬂmhb) 0F VARIOU% RAW %UGARS./ RO

Clugar | £ | 7 on Aen
- |Origin. - Ash on  [ga0 TFegOz SRR
o | A1205 |
Australia 0. 25 __l12.96 11.42 | 50.20 | 5.01
‘-higehtineﬂ“‘o 5L 15, 88¢E:?6;B4~» 8,27 | 4.34
© |Bramil | 0.51 :'1? 65 1 9.58 | 50.15 | 1.71
Demarara.| 0.46  |15.67 23.63 15.12 | 2.11
Natel | 0.43 13 79 | 15 68 46.20 | 1.63
Pera | 0.90 12.58 8 69 | 19.33 | 5,90

: The ghosphate content 15 of orimary 1mportance_tG ‘
’fefiners.a‘ Sugars 1ow 1n.phosphate are natorlously | _
dxfflcultlto filter. | Phcsphate nay be added artiflclally,'f
“1n;fact, +0 help th&lﬁimtgrmng:quabitles.1‘ '

The smllca 13 generally inacuous, buﬁ may cause
Tffiltratlon trouble 1£ 301101dal._ The caleium oxide in
”raw cane sugara varles from le‘ﬁ’lé per: cent. This is .

: 1mp01tant later on 1n proeess, a8 soluble calclum salts

are posxtive molasses-formers,so that excess of these salts -

':Wlll dlmlnlﬁh the yields cf Whlue sugar.v Thus a 4th
syxup.may cantaln 2 per cent of ash and 25 per cent of this
ash may be. calcium (calculated as cxidei ~ The decalal»_
‘flcatlon of augar liquors by adding sodlum carbonate is not

feasy, slnee exeess of soda is not recoverable, and seems to i

A‘.-combnne Wlﬁh or destroy the levulose.

The above analyses were made by the Author.
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APPROXIMATE SULPHATED ASH GOD GONTENT OP VARIOUS RAW GANE
SUGARS. o

| SUGAR ORIGIN % ASH on IRY.

AUSTRALIA | 0.2 = 0.5
o BARBADOS -~ © 0.6 = 0.7
.BRAZIL T TB_QT\;: 0e3 = Gvé
BRITISH WEST INDIES ,7f§,§‘} l,d"
‘e_cUBA ",T, o ;9,sl§‘o,s'
;EEMERARA L ;N:?Sf}_o;S-- 0.8
=‘JAMAI°A e ‘<i f}¢;; °r5;?u;3°
4'“;JAVA SR 3“6.115‘6;5
MAURITIUS 0,05 - 0,15
MOAAMBI@UB V,;té”‘uf'~,1:§l* 1.30
NATAL . . 0.2 = 1.0
 PERU C:- R 0.45- 0.75
SAN DOMINGO 0.5 - 0.8

Thése figures were extractéd by the author from
- results obtained by him over a perled of some three yeara,
’The number of Samples ranged from over 100 in the case

~of Cuban sugars to at 1east 10 in the case of sugars 1953;

frequently imported
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TYPICAL FIGURES FOR CALCIUM AND FOR ALKALIS IN REFINERY
. ARTER-PRODUCT SUGARS ARE SHOWN HERE:-

REFINERY YELLOWS AND LOW PRODUCT SUGARS: .

No. o Total Ash ‘%ca0 in Ash - %(Na20)
' N T R (K20 )

| R in Ash
(8 1e6 .. 48 o s,
(4) 1.2 1. 4,
(6) . o9 - ess el

o b O



EX?ERIM&NTAL WORK ON DETERMINATION OF ASBH IN RAW SU&&R.‘ R

5’gmaaxﬁﬁﬁﬁiwﬁan'augar.used in each test.
Moisture per cent in sugar - 1.27 per cent.

SERTES
&7

I.

VESSEL

SUBSTANGE
ADTED

o .
ASH
T

%
ASH
IL.

% ASH
MINUS
1/10
- I.

7 ASH

MINUS
1/10
II.

MEAN
.

_Silica

Wil

1 0,540

0,552

-

0.516

Bilica

 HoB04 -

0.700.

0.682

0.630

0.614

Platinum

;‘ENi1~sff

0.594

0,600

-

0.597.

- Icae.

| HoS04 .

| 0.780

0,756

0.682

0.692

Platinum

Platinum

6.5 gms.
Quartz Sand

0.524 |

0.5674

0.708

g;atinuﬁ*

2 gme. -
)Vaselgne ‘

l0.650

0.610

0.630

0.591

|Porcelain

O Nid

0.630]

0,620 __

Porcelain |

E ce. .

0,730

0.718

0.65%

0,646

| HpSOg

% Corrected for ash in vaseline.

' 'The mean results shown are minus onetenth where

sulue e acid has been uSed;  Concentrated;SuLphﬁnié

Aﬁcid‘f1184:ap.'gravity)]ﬁas used.
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The presenﬁ widter found g”progressiﬁeﬁloas in

 weights with fused siliég crqqibies¢ L‘aﬁéﬁting*

~ with two new silica crucibles, six wstimations of

- ash were made with each, using 5 gms. of Peruvian

rawlaﬁgaﬁ and 1,0 co. of 50 per'cent'éulphuric acid,

Heating - | . Grueible T Gpucible TT °
wh LT Logs in weight Loss in weight
. ’ Ems . ‘ Ems *

~ o.0012 ~ 0.0074
0,0014 0.0063
S 0.0013  0.0032

" o.0016 0.0030
" 0,000 0.0045

0.0010 . 0.0027

_—"

These decresses appear to be due at first to
attack qf the fused surfaéevof'the‘new orhcib}e.
In later use the loss decreases, possibly since

‘there is then some gain as well by the orucibles

by absorption of_aalts'from\the»ash.‘
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SERITS

5 gma. same. Peruv1an.Raw~uugar (L.27% moisture)

used 1n each test.

: VES'SEI* :

SULPHURIC ACID
ADIBD

%;
ASH

. WFFLCT OF VARYING QUANTITY OF SULPHURIC ACID

% ASH
MINUS -
1/10

 Platinum|

Icec. 10%

0.700

0.630

i

| 5 ces.10%

0,800 -

0.720

L]

T ces 504

o0.782

0.703

_;;,2;008;56%;_

0.789

0.710

"o

-I.cec.concentrated

0.%80

- 0.702

LA

LB cobe o ®

0.782

0.703

"

8.0

0.786

0,707

Electro-
metric

0.610

L ¢

Ash
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DI@CU SION~OF RhSULTS OF ASH DEIERHLNATION.

Théfsilica_cguciblefwith the sﬁlphation method
appears to give ‘low results, this beiﬁg due pﬁobablyfto

the etching of the crucible by the hot acid. The

' dlrect}method w1thout sulp ahlng appears to give low ‘ 

anﬁ<var1abl& results,é all the,sulphated:ashes are
high, some deductlon belng necessary.

The Whole series 1lluetrates the relative 1naccuracy :

vof’the 1nclnerat10n‘method.

A control test was made ﬁy burning off 100 gmsa.
of ﬂhéﬂsame‘Peruvién‘Réﬁ'éagar in aﬁlérge plaﬁinum
vessel in 1nstalments u31ng 20 ccs. of sulphullc acid,
The result obtained wa& 0. 690/ ash. C"%O

Fram,these testa 1t Would seem: that an adequate
quanﬁity of aulphurlc acld must.be adéed and that

the most con$1stent resulta are those using platinum

‘dlSh&Sa

The - 1n01ne1atlons were carrLed out in all cases
in an electrlcally heated muffle furnace at a temperature

not exceeding. 750°F.
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OCCURRFNQE OF’HPKVIFR METALS IN QUGAR PRODUCTS

The metals most commonly tested for in sugals »
are copper; lead, tin ané arsenic. Reaulta ob="

tained by the‘authdr are ghown here.

ARSENIC _ (Marshts Test)

o PARTS per |  P.p.m. A
SAMPIE WILLION corrected % As
: o OBSERVED . © |- for blank '
STAIN. . .
S | Approx.
Peruvian ] o '
Raw Sugar 1 4 0.9 . 0. 00009
Cuban ’ ! _
Raw Sugar 1.5 : 1.4 . ~ Q,00014
Maurlitius B ‘ e : i ;
Raw Sugzaxr 0.5 . 0.4 .. 0.00004
Yellow Re~ .. . - I \ .
fined Sugar| 0.8 - | Q.4 0.00004
vReflnery b N o ‘ ,
Molasses . o.L = - 0.0 " Nil.
Direct S L .
{Progess -~ | | - o
Beet Sugarf‘ . 0% N 0.6 0.00006

The blank showed L/lo palt per million.  The
results above wexe obialned by ccmparlson with
ﬁjstandard stalna in the usual W&y.

The reaulta obﬁalned here are all below the
chernment llmlt fox solld foodstuffs (léO grain

per pound).




:jCO?EER ANDfTiﬂif Thé~preaéﬁce of copper. and tin'in;_f

M sugar-groéuous lS purely adventitious, amﬁ is gener-

: aliy due to the qtorage of the produet (usually syrup)j

-,‘: 1nimetal contalneru;'» Cpgpez-may be acqulred by:

boiling of the products in vacauﬁ\pahs-made of this
metal. Results obtained by the author for golden
“syrup are. shown below. |

- GOLHEN SYRUE% TF TED AFTER LYING FOR 1 YEAR IN TIN%.

(N rmRTs FER MITLION |
- |SAMPIR 'E;j;*EEFEER:-;>~;“gﬂ?;N;;,-. = IRON

B TP A Y S A 15
g | o6 | ur | a2

.3 J_‘f}fg Jf’l;?:av“f' ffl;s ;fiJ, 25
/ The ahove zeaulta show*that 1ron,1s the pre~.
ponﬁeratlng heavy'metal 1n the sugar product examined.

7‘{ The copper was estlmateo by sodlum dmethyldlthle-\VT? 

'»f_ucarbamate (Gallan and Henderaon, ﬂnalyst, 54, 650 (1929)

} the iron belng-flrst removed by'double preglpltatlon ;_55*f
as hydroxmde, and the copper then.preclpltated as |
sulphlde from a solutlon at pH 3 0.'

» The tin: waa determined by a modlfled form of ﬁhe
. molybdeﬂum.blue method recommended by Femg1 (Ghem* “'
Z2tg. 47, 561, 1925) Thls moﬁ;fmcatlon is described ; _
by~qtraffbrq (ﬂhstmtuﬁe of Cheﬁistry lecture,_1933; Q;2§)<
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& Manufacﬁurers of food products have long '
"recognlseé that some commerclal wnite sugars when
-heated, wathstand elevated temperetures w1th less
decomp051t10n 01 Wlth 1ess formatlan af 1nvert sugar -
? than.otheraf- S;m;larly one of two sugars may-be

 more éuseéptible ﬁo%férhéhtation'than the ofher;
alﬁhough ﬁhgy may be inéistinguishable wﬁen'examined
for ash, inéert sugar; sucrose, pH,ﬁchbur, or
turhidity. .

This dlfference of behav1our can only be attri- |
buted to the presence of mlnut& quantlties of
_1mpurit1es whlch have elther been oonsldered as not.
wortny of estlmatlon, or else 1ncapable of determlnatlon{f

A study of several such 1mpurlt1es has been made
by—the ﬁarhohydratH‘D1V131on of ‘the Bureair of

Chemmstry and 50113,g A. ~u
The maln results obtalned in- thlﬂ Work are

' summarised on the follow1ng pagea.




L.

T a29-

“ NITRGQmN'Ij'WHImE SUGARS. N

FI.E<.

Anbler & Byall Tol.4, No, 1 (1932) P 54.

SUGAR

TOTAL
NITRO=
CEN
P. pwo Me-

EROTEiN

N ‘
P-Pimt

AMINO
ACID
N.

"Pe Daellle

N as
AIMIONIA

VNITR&TE

"N as

N as
NITRITE

S A I

35
45 -

5 .

10

35
ié@*f
186

0.3
3.9
0
1.0

1,5

0.8 1

LRL

3.5
4,0
0
5.5
5.5.
1.0
1¢;b.“*
0.0

M O M = O o

12

1 1.0

QR P O QO P

30
-1z
2,0

0.004
0,004

| 0.014
|0.02¢

0.000
0.001
0.0 '




L R RN L .

(2) - SILICA and P30p in WHITE SUGARS.

Ambler & Byall J.I.E.C. Anal.Ed. Vol.4 No.3 (1932)
, ' Ped2b. ,

T T ORGAN IS TNORGANIC
[BAMPIE | SILICA PoOs | Tal

P.p.me. P.Dp.lls _Pepem.

8.7 - 0.0 - 0.0

29,6< . 0.8 0.3

‘21.8 L1 trace
“=£éli;? R I § trace
s | o5 0.1

TR AR I

9.4 | 0.6 - trace
8.0 f 036 trace
53,0 | . 0.3 0.3

9o 2o

29}6 1 1a trace

O

-F@ésphaﬁgsigrg‘?fgséntwin the juices of the
sugar cane andgqf,th¢ s§ggr beet,dén& become 1ime
Saltgiﬁgéipg'the mgngfaqturing process. A small -
quantify of these calcium phosphatés dissolves in’
themliégofs’anﬁ may ocdur in the‘final white sugar
IaS'ShQWﬁ above. |

- Organic phosphggus compounds such as lecithin
and the nuélgie acids alsb docur in sugar juices
‘ and»ﬁheirldgeompositioﬁ¢produqts fe;g; caleiunm
glyce;o-phosphate) may. also e detected in the'finai, ,;

stages of sugar manufacture.




(3) CHLORIDES IN WHITE SUGARS (by Direct Determination)
Awbler & Byall, J.I.E.C. (Anal.Bd.)Vol4 No.4 (1932)
(By titration with 0.02 N. Silver Nitrate).

" BUGAR Popcnli SUGAR ‘ P.pbmé

78 | 11 35.3
1.4 12 27.7
40.4 ) 13 | o0
BUR S | 5.0
B8 | 18 | e2.7
o 16 | 39.0
sLe | 44,0
4.2 | s | B0

© @ 2 eiG B oW N

16.3 . | 19 20.6

=t
O -

2.1 | 20 10.6
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(4) smmmﬁ, SUTPHITES and ALDEHYDH-SULPHITES

IN WHITE SUGARS.
Ambler, Saider & Byall~(J 1,0,.C, Vol 3 No.3 Anal;&d )

. Sulphates ocour in cane and beet sugar Julcea‘;
in amounts varying-anﬁuélly, and also varying with
the soil type and cllmatlc eandltlons. The amount

“of sulphate in the flnal products is alsgo ine

5‘*fluenced by sulphates from the process chemicals:

,‘ and fromrthé-Wéter used. The soluble alkali

éulphatés<mayf%e occluded in the crystals.

o SULPHUR TRIOYIDT AND QUEPHUR DIORIED IN WHITE SUGARS.

BEET SUGARS | asg | SO 509
DIRECT = TNORGANIG | ORGANTG
PROCESS Repetie | nggm. i .'P Pellle Pepoine
1 0.014 | = 0.0 10,2 1.2
2 0,019 | ¢ 2243 38.4 3.1
5 0,254 llaa.4~g* 46.1 6.0
2 “o.092 | 270.1 29,4 4.6
5 | 0,041 | 145.8 18.0 0.4
1 s 0.009 0.0 6.1 0.9
 [GANE_SUGARS
[~ DIRECT *
PROCESS
1 0.061 249.9 29,9 2,9
2 0.012 24.0 0.9 0.0
3 0,042 44.6 1.3 2.1
4 0.016 | _19.0 2.2 0.8
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SULPHUR TRIOXIDE AND SULPHUR DIOXIDE IN WHITH SUGARS.

rEFINED | ASE | _503 B0y
TCARE ~ ["TNORGANIC | ORGANIC
CSUG:&RS.. " PoP;B‘Io« F.p.m- ) 130 chﬂ.— P. Eemﬁ
2 0.006 | 0.0 | o.s | oa
3 | o006 | 0.0 | 0.4 | 0.0
4 | 0005 | 0.0 | . 0.4 | 0.0
5 0,010 [:0.0 | 0.6 | 0.0

The small amounﬁ of 1n0£ganlc 802 1ndlcated

”:";for reflned Whlte cane uugars 15 very probably not
Aactu&lly SOéQnt ahother 1061ne ahsorblng impurity.
Q’ﬁmhler, Snider & Byall suggest that these oxi-

‘"dlsahle substancea may be polyphenols or tannins

whlch are known oxygen absorbenta. Thelr presence.
in refined sugar may be due tp-theli partial non- -
elimination during refining, or to the formation
ef polyphenols from the.suéér ﬁy condensation oxr

rearrangement during the refining process.



(5) LABIEB ORGANIC SULPHUR (as Cystlne)
: in WHITE SUGARS. ‘

‘Gystiné ig a common cleavage‘prdduct'of ,
protelds, g0 derlvatlves of this sulphur compound -

may be expected in the cane and beet Julces, and

L concelvably in the flnal whlte sugar. The |

accompanylng table shows the amnunts found by

Ambler (tTc QE.C. Anal. Edo Vol 5 No.3 ped41)

LABIIE ORGANIC SULPHﬁRAAS CYSTINE.

lomEer | spnire | 1.8 w4

- |PRocigg | Semele |t 2. 3 4 5 6 7
1BEET | opinm ol 0 1E 11 om0 1.6 o

|EveEEs Bapemet 1.0.8 1.5 1.1 0.8 0.8 1.6 2.9

JCANE | . : ‘N
- |Suchrs | BePem. | 8:4. 0.8 0.4

ol A

REFINED| Sample | 1 2 3
SUGARS | Pepems | 1led trace 0.8
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fl)IS‘l‘RIBU‘I*lOR' o lMPUBITIEb IN_THE SU&AR CRY‘QTBL.

Keane, Amblex* & Byall, :(J L. E.Ce 2‘?, '30-3 1935). |
ghqyf: tha;t cmver 5u per cent oﬁfg the ash, sulphate&,,n
ehla\rid‘es-, sadiim, pdtaési@ﬁ, aﬁd‘ total nitmgen
1s locateﬁ 111 ’c.her au:ber 15 per cent of the _‘
crystal, wherea;&, co laur, c:arlcitm, and sulphltes

are more anify rmly ﬁi&trlbateé througho ut the

S whala cryst@l. ~ Screened sugars {between 30

ami Su me&h) fram varlous aources. were mmgled
' at x-oom temparatura w;n.th pure augar solutions

‘ cxf 60 to 66.;5 prer cent cancentratmn, centris

s fuged anﬁ washed. Analyses were made before

o - and after mmglmg. ;x f:ew ui‘ the results

befure anﬁ a:f:ter mmgling are shown below.
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ANATYTIGAL DATA ON ORIGINAL AND TREATED SUGARS.

SSUGAR:~ q 7 A A
Per Cent
‘SUGAR Re- | ~
:MINGLING. '
COLOUR
Original) 54 42 . -
Treated )P‘p me .48 36 -
% Removed: - 11 14 -
“ASH T a =
\Orlglnalg : - 268 | 260 133
Treated P.p.m.v 98 - 103 43
#% Removed - . 63 60 68
803 ' T .
Orlglnal) o 15 - 23 15
Treated )r p.m.ﬂi" 4 6 2
%’Removed 73 | 4 87
Orlginal) | 15 - av 24
Treated )P. D m.3‘ - 12 - 28 16-
% Removed . - 20 - 18 33
. Cal L e S
Original) N ;.30 7 9
Treated )P.p m.‘ 16 6 3
/’Removed 47 14 67
Nago ’ .
Original) 7 20 1
Treated )p.p.m. o1 4 1
[3 Removed 86 80 0
-KoO -
Orlglnal) o 105 110 32
Treated )P.p.m. 41 TS 9
ﬁ Removed - 61 .63 72
o 2 :
Orlglnal) 8 10 Vi
| Treated )P.p.m. 2 4 4
% Removed » %5 60 43
TOTAL N. '
Original) o 28 15
' Treated )P;Q(Mx - 11 Vi
% Removed ” - 61 53

- It is to be expected that the outer shell of the
crystals will contain more impiirities than the interier,
- gince these outside layers are formed during bOIllbg
: from sugar llquor whieh is becom1ng progressively of

. hlgher non-sugar content. -
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AUTO- INVERSION OF SUCROSE: Bxperiments by

Ambler and Byall (J.I.E.C. Anal. Ed. Vole? No.3
p@lﬁs, 1935) have éhown that the quantity of
hydrogen ions liberated from sucrose ié'apparently
enhanced hy’elevation of temperature and this |
cauéeS'the go-cal led "auto-inversion® of7puréﬁ
suerose by heat. The ionisation of”water is

also increased at highef temperatures, but this
fa&ﬁoi is df minor significance in comparison with
the increased ionlsatlon of sucrose.

Incrcase of ash in a SUgar increases its
reslstance to 1nverslon; thus sugars with ash of
'abouﬁ 0.0lO per cent or less may undergo much
greater 1nve1910n than sugars of hlgher ash content.
As little as-0.0lO per cent. of ash may reduce
considerably the éégree‘of-auto;invéisibn of the
suclose. o L

mcom@osrmon OF INVERT SUGAR: | W}ién heateéd alone

or Wlth very dllute or weak aclds both the sugars
comprlslng‘lnvertNSugar pas& with little dige
éoioidﬁion into a series of anhydrides ranging
from slmple anhydrldes such as glucosan, levulosan

and w-oxymethyl furfural thrcugh reversion products
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:’ 6f.the ollgosacchaflde type to q1§ulv polymerlsed moref
‘-completely demydrmted Oroducts of colloidal nature. |
- In alkallne-801uu10n, however, “both aextroSe"
\and levulose undulgo doep~seated and complex 1aom67ggloné
and deg:aagp;oﬂs accompanied by caramellsatlon and
oxidation;,: T£é§é degyadatioh'prbduots,espécially
1th05éfcohtaining'an aldehydic‘éarbonyl group, undergo
;furthéfapolymériaafiﬁns'aﬂd ddndensaﬁiohéiiﬁﬂalkéline
Cmedla, forming highiy cdloured colloidal ﬁatfepy-
The nlLrogenous non~5u eféiréactc£eadily With
1nvert sugar to form the 1nten%ely co]our@d melanololns
of Maillard (Ann. Chim, 5, 258, 1936) '
The presence of 1ron salts causes the\LOdetléﬂ
of deeplv coloured complex ompounds.‘. Iron\has lonﬂ
been recognlsed as an. extremely obJectlonable impurity
“which Should be e]1m1nated from 3ug%r _&u iar ag pom51ble;
kahe occur?ence of 1ron in- sugars 13 dlSCU%SLd in- a. later

sectlon of thls work.-
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OTHLR ORGANIG MATTER IN‘QUGAR PRODUG&S

The organic matter other bhan sugars which
is preséht in a matellal such as raw sugar is of
widely varying compos 1t10n. Some of the constituents
of‘th;s Qrganlc,matter-are‘oftén referred t§ as
“é&ma5-by‘ﬁhich are meéﬁt*theée substahcés pre-
,cipltated by alcohol from an acld solutlon of the
sugar proauct.ﬁi The remalning constituents are
lelQed betweeh‘salts of organlo aclds, nltrOgenous
bcdleq, caramel, and other ploducts of’decomposmtlont
of sucrase, dextrose and levulosa. The comp051t10n
of the other oxganlc matter 13 therefore -obviously
extremely complex.~' | " |

The gummy matters 1nterfere with.crystallls-
'atwon, Whlle proﬁelns 1nduce fermentatlon. .
1‘HazeW1ﬂkel (Ardmef (Java) 1910 18, p.44) mentlons
an- lnstanae of very hlgh gum eontent in the sugar
julces causxng extremely slew b0111ng in the vacuum
pans w1th coploua fcrmatlan of false graln.

Thﬁ percentage.of crude gums in a raw sugar is
known.to affEGt 1ts worklng qualltles in Lhe re-
fmnery. there may be conslderable fln&ﬂ@lal loss
occa81ened by slow flltratlon and crystalllsatlcn

due to hlgh gums.content.




=4 Qe

‘ DETDRMINATION OF‘GUMS

Lhe average den51ty of the sample solutlon should

be arranged at appraylmately 50 pex cent sollds._')Fbr-

,samples of hlgh gums csntent 10 ccs. 15 taken corres-~*5‘

-ponﬁlng to. 5.gms. of the orlglnal product,'and for

 ,samples of‘low-gums conﬁent 20 ccs. are plgetted,

.equlvalent to 10 gms. of the sugar product.

The sanple 1s placed in a 250 cess beaker and

0.5: cc. of concentrated hyﬁrochlorln acid added for

,the 10 ccs. sample,'or twmce thms amount for the R0 ﬂccs.i

‘sanple. | ﬁlcohal of 93. to 96 per cent stxength 1& now

added from a slow dellvely plpette w1th v1gorous .

-agltatlan, ualng 50 oes._for the lO ccs. sﬁmple or

100 ccs..for the 20 cca. sample.

The precxpltate 1s allowea to settle for 15 mlnutes{"*v

and then flltered, avozdlng slow flltratlcn. When the

-last droy has fllterea thraugh, the precxpltate ig

| washed w1th.alcohol of the ‘sane strength asg that used

a

for prec pltatlan. A Gocch crucible Wlth aabestos

mat 1s preferable for flltratlon. | The prec1p1tate 13

~dried at 100 - 105 c. for ‘one hour, cooled and wezghed.~j 3

- The organic matber is burned off in a muffle furnace

at low-red heat, and the cruolble agaln coaled and

ywelghed.  The dlfference between the welght after drylng

and the welght after 1gn1tion rapresenta the drled gums. :

The resulta of the determlnatlon are aependent upon many
fffactors'r4str1ct adherance to the technlque and method

Aare essentlal for comparable reaulta. (Ruff’and‘Wmﬂhrow

7. I;E C. Vbl 4 No.12 1902)




Ai>EXPERIMWNTﬁ$: (1) The foLlow1ng data was obtalned

by the &uthor Wlth three Samples of reflnely molasses, h
ualng.the»method Jusu\desgrlbeq. -All‘analyses,arela.

showh,as per cent ohAdfyimatefialg |

N MOIASSES FROM REFINING OF:-

CONSTITUENT =~ | ( e
CUBA RAW SUGAR REFINGD NATAL |
S 'RAW SUGAR | RAW SUGAR| -

QTS | : 0s79 - 1.7 1.52

ASH. (Sulpheted)  5.08 | 6,57 | 6.15

. ISILICA i aSH | 7,92 o é’ii_ | 2.5
RIBONINOIDS by SN T
- ICTEIDAML PROGRSS i. IS= . 35‘ 1,23

(2) The follow1ng table shows the
gums: gcnténtﬁof,vap}oas ;ef;nery prodngts.

R S PURITY | % 71
e NOHM&L or DIRECT |QUMS| |ASH
| BRIX° ~| .  POLAR~ on| -~ | on
) lSAT ION DRY pH - TDRY

»1:?*Peruzﬂészu§ai 1. 51%»water Pol. 96.2 |0.28|5.6 0.6
2;7'RéW'thﬁiﬁgé'  a"' 65 0: {', 81.0  |L.35|4.7|3.285

ASQ-.Washed qugar '3, 76% water fff ?95;% 0.16 7.2 0. 18‘f'
4 iRaW*massecultef'~m 95 0 ‘  ~ 574‘b 1,59 G‘QTS 431 '

| Crystalliger | 2 & ‘ |
s | Sugar . |1.0% water 98.6 0.14|6.2| 0,37

5. |Molasses 85,0 51,0 |2.35/4:5|5.50
: Filtered o - ] N
. RaW'quuor ‘ 65.0 >97 4 0.37|7.6|0,37

8. Refined Liguor 62.5 ge.e 0.02|7.1 o 17;, 

9. Yellow Sylup | 80.0° | ?1.6- 0,7?v5;5 5.96

10. YellQW‘gugar | 5.3% water | Pol. 87.3 [0.25(6.0|1.65
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NOTES ON THE GUMS CONTENT OF THE ABOVE PRODUCIS.

lfhe*ﬁesults‘foffréfinery‘prbduéfé-are shmﬁn

 in order Qf progréSsionxbf'the raw sugar through
“the refining prccess}.f‘itiwill be obée:Véd that

there is not;éémplete\eliminétioh of gﬁﬁﬁy matter

by‘the defecation pré&esg’ﬁr byitheﬂfiltration

: thrbuéh‘éniﬁal charcoéiiﬁhich resugﬁgiin réfined‘

‘liguore
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pH VALUE.

This was determined by an Aten Quinhydrone
Tlectrode (Aten and van Gimmeken) (Recueil Travaux
Ghimiéues deg Pays Bas 1925, p.937; 1926, p.753
and p. 792). This type has a gold-guinhydrone
electrode, and porous alundum joints between the
two half cells and XKCl. Bridge., Readings were
corrected for temperature in all cases. Frequent
checks were made colorimetrieally, and by means of
the Harrison glass electrode. (G.B, Harrison,
J.C.8. 1930 p,.1528)

All sugars were made up in 50 per cent solutions
for pH determination. In the table below some of
the chagk‘figures for Standard Buffer solutions

are showh.
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COMPARISON OF STANDARD BURFER SOLUTIONS BY

(a) ATEN QUINHYDRONE EIECTROLE

(b) HARRISON GLASS BIXCTRODE

(e) COLORMMETRIC METHODS

1} B.D.H., Capillator
2) Hellige Comparator.

(Caleu~ Quin- Harri- Capill-

- lated ). hydrone son ator Hellice
Solution PH. pH.  pH.  pH. PH..
Di-Sodium )
Hydrogen
Phosphate & 3.0 3.09 3. 16 Se & 3.2
Citric Acid)
0. IL.M. }
- Q- 4,0 4.08 4,02 4ed 4.3
"‘dO" 5.0 4.87 5.11 505 5.2
~do=- 6.0 6.11 6.06 6.0 6.1
-dO— 700 7.19 7019 702 7.3
"'"dO"' 8.0 7.99 8.00 801 7-9
Sodium Acetate -
&2 HCl. 1.0 0086 - - ot
Q= 2.0 1.79 - - -
Sodium Carbon-
ate &? HClo 10.‘1? 10003 - - Lol
10.68 10.96 - - -
10036 10.51 - - -

The Quinhydrone electrode is usually not employed
above 8-9 pH, as considerable errors may occur due mainly
to potential drift. The colorimetric method is often
limited by the number of indicators at hand, the greatest
accuracy generally being obtainable where a value occurs
at the middle of a range, or where two indicators over=

lap at an end of their ranges.
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pH values of refined cane sugars.

Sugars representing the full range of white

refined products from a sugar refinery were tested

for pH value by the four methods below.

Quin=- Harri- B.D.H.| Hellige

; - hydrone son Glass Capili~| Compar-
GRADE OF SUGAR | TElectrode | Electrode ator ator.
Crystal l. 6.71 6.76 6.9 6.3
Crystal 2. 6.80 6.93 6.9 6.8
Grade 1. Granu-|
~do~ 2, ~do=- 6.59 6,67 6.7 6.8
"'dO" 5‘ "’dO" 6.60 6062 604 605
-3 Q= 4, =G0~ 6456 6.52 6.5 6.5
Manufacturing : ‘

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
cu.besf 2. 6.52 ) 6061 6.6 6.6
Castor sugar 6.88 6.92 6.8 7.0
Z Granulated 6.26 6.28 6ed 6.4

These values are all on the acid side, but are not

dangerously acid.

probably deteriorate more quiekly than the others.

The Yoff-colouxrt' sugar would



pH VAIUES IN A SUGAR REFINGERY"

(Blowski and Holven "Sugar' Feb., 1927).

PRODUCT PH. i
Unfiltered Raw )
Liguor 7.35
Filtered ~do=- Ve 2
Av. of liquids
char 7. O &
Refined liguor _
after fil- (animal (7. 0 to
tration (charcoal (6o 3
Sweet water
from fil- (animal (5. 5 to
tration (charcoal (5,76
No.1l remelt massecuite| 6. 9
No.1 -do- sSyrup 6. &
Nf)‘g "'do- -'do- 5095
No.l =-do= sugar 6.65
NO-.?. "do— -do-‘ 6020
~00= -do~- 5.35

_ No.3

ing the ylield of crystallisable sugar.

Only a very narrow range

of pH is permissible in

refining cane sugar. If
the alkslinity is ex-
cessive, reducing-sugars
are decomposed with tﬁe
formation of objectionable
colouring matters, and of
organic acids which may
result in the original
acidity of the material
being restored, and in
any case will leave
melassigenic lime salts

in process, thus diminish-

On the other

hand, if not enough lime is used, acidity may cause

considerable inversion of sucrose with resulting loss

of sugar yield.
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pH VALUES in BEET SUGAR FACTORIES OF FRANCE

SEASON 1937-28.

E. Saillard.

B S LT T I TUrY V= e N R P

U Wi b S et S i

PRODUCT pH SU%AR
Raw-Diffusion ;;;z;ww_ 5.00 13.40
Battery waste pulp 6.05 0,18 _
Pulp press water . 5.48 0.36
lst Carbonatation Jnéﬁﬁmewm”, 10,70 11.46
2nd ~30=~ =G0~ _ _ 9.00 13.44
Juice before Sulphitation | 847 52. 6

=-do- after -G0= | T7.95 52. O
1st Magsecuite N 8477 7.8
ist Wash Syrup 8.80 65. 4
lst Green Syrup 8.70 64. 0
2nd Massecuite 8.30 | 68. O
Molasses e B.28 5l. 9
2nd Sugar I 8.00 94. ©
Final white sugar 7450 99. 9

hatiaiiieutl

anraen

The values are chiefly in the alkaline range, and

the finel sugar is distinctly above neutral-point.



| THE_DETERMINATION OF SULPHUR

| DIOXIDE IN SUGAR PRODUCTS,

Tﬁé“presence.of éulphﬁf«dioiidé in‘sugar
products became 1mportant when a . legal 11m1t
was prescflbed 1n 1926 In thls sectlon of
the work, exnerlments on the prlnclpal methods

for determlnlng qulphur dloxlde_are recorded.
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'nETrRMINATION oF SULPHUR DIOXIEF I SUGAR'PRQDUCTS.

. The total free and comblned sulphur dioxide
369) 1n sugars mist not exceed 70 parts per mllllon
;}(or O. 007 per cent) accordlng to a Brltlsh Publlc o
Health Revulation wnlch came . 1nto force on January
lgt, 1927,

Thls dlrected attentlon to the determlnatlon of
592,}n suga:s, and many method&;wgre put forward,
chief among which Weré - :ﬁ‘f-

1. The DlStlllatlon Method (Monmer‘Wzlllams, Publlc_
| Health Reporﬁ No 3,3192?), N

. 2+ The Staln.Method (I Seds 1926 644),
1T$.¢fThe Dlrect Tltlatlon.Method (Rlpper, T. Prakt.
5 “Chem» 2, 46, 423 (1892), :ana
!"y:§;‘;Dlrth Preclpltatlon as Barlum Sulphate (Biarez
~and Tourzou, J. Phafm. Chim. 9.533, 1899). At
q;ﬂhe elghth sesszon.of the Internatlonal Commisgsion
Tiifor Unlform;Methods of sugar Analy31a held in 1932.
(I.S T 1933, p.62) 1t Was resolved that the direct
tltratlon meﬁhod Wlth 1odlne Was satlsfactory for
routlne testing, butb that for exact determlnatlon&
ﬂhe sulphur dioxide should be dlstllled from the
acidlfled solutlon after expu181on of ﬁhe air Wlth
carbon dioxide; the distillate should be collected
in & dilute solution of hydrogen peroxide; bromine

water, or iodine solution, or in sodium bicarbonate

b3
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solution with subﬁequent oxxdatlon, the sulphurlc

geid formed belns egtinated grav1metrlcally.

Many'crltlclsms have been made of the methods fori(_j .

~the dete:mlnatlcn of sulphur leXLde in food producte. .

Thus the Staln Method ls stated to have the dis-
advantage of being not sPeclfic for sulphur dioxide,
m&ﬁ@wbther sulﬁhurwccntaining~eompouhds reacting.in a
31m11ar mander. The dlsﬁlllaﬁlon method hae also

been crltlclsed on’ the grounds that the oxidation

& procedure whlch forms part of the method is not

llmlted to sulphur dioxmde, as other compounds

respond to the ox1dat10n treatment.~g<“

) Sulphur ledee reacta thh many of the products
with Whlbh 1t cOmes 1nto contact, and causes an
1mmed1ate 1055 of preservatlve, partly by oxidatlon

and yartly by dlrect comblnatlon Wlth the food

g mateLlal.¢ ThlS m1851ng propoltlon may or may nat

reappear‘du11ng the estlmatlon. bome fOsttuffs §10W“
the presence of 3ulphur dloxide when none has actUally
been adéed, others, whlch orlglnally gave no test for
sulphurxdlomxde will show-appreclable amounts on.
standlng.;‘ Thé direct titration methbd with iodine

13 affEGtéd by any other substance present whlch
reduces 1od1ne.

It 13 therefore dlfflcult to find a method ‘which

is satlsfactory Wlth all samples examined.
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APPLICATION’TO SUGAR FRODUClS'

Eure sucrose is stated not to combine with
- sulphur ledee and to. be negatlvely catalytlc 1n
action, retardlng Gdeathn of the sugar by air.
dd@ﬁéﬁéi&i sugars may qutain.iodine abscﬁbing~'
'Subgtéﬁces;btﬁér than.Suiphite in amohnts sufficient
to 1nterfere w1th dlrect tltratlon.
With raw sugars, the amounﬁ of’sulphur dioxide
ﬂprenent ig very variable and noxmally depends on
the process of clarificatlon used in the raw factary
and on.how effmclently thls process is controlled.
Coghlll (I.n.J. 1930 p 559) shows a range of |
sog eontent for 104 samples of 6outh Afrlcan raw sUZars .
“of 14 to 288 p 9 m.-for the 1odine tltratlon method
and of 4 to 570 p p.m. for the dlstlllatlon method.
In the case of a Natal sUgar maée by the carbonatatlonf
procesa 1odlne tltration gave 13.3 parts per miliion,
and dlat;l;aﬁlon_E;B‘p,p.m. It was demonstrated that
| goﬁe iééiﬂé-redﬁbing"sébsténca'otherithan s&lphai
'dioﬁide Waa present, by absorbing the distillation

"praducts by the Monier-Williams Method (I;S.I.

o 1927, 57L).

These 1od1ne—absorb1ng 1mpurmt1es arve probably -
constlt&ents of “the organme matter present in the

i raw'sgggrs e.g, volatlle_aldehydea~gnd»ketonlc acids.



;gde31ocator over wet pumice.;

' EhﬁMIN%TION’&ND OOMPAHI ON OF METHOD FOR THE DPTERMINATION

of QULPHUR DIOKIDE IN SUGAR PRODUCTS.

The methods of distillation and direct tltration;

and the Stain‘method were investigated.

s STAIN METHOD: The apparatus used was a modified :

‘ form 0f*that applied in the laboratories of Tate and Lyieséﬂ

Ltd. , and descrlbed by 0g11Vle (I.8.J. (1927) 305, 331,
BPLY. 1he teat conszsﬁs of reduction 0f sulphite to
-sulphuretted hydsogen by means of naacent,hydrogen
generated frem.21nc and acld.>' The mlxed gases are
passed‘through lead‘acetatewpaper an&»ﬁhe‘stain pro-
duced on the paper ig compared wmth atandard staing for

evalu&tlon of the sulphlte content expressed as parts:

~SOE per mllllon.:

APPKRATU%.a A flat bottomed flask of 409 ccs. capacity

is prov1ded Wltn a two-holed cork carrylng a tap-funnel

~and an ordlnary funnel.',,mg,the ordlnary funnel s met&lfﬁ

elamplnm dev1ce is attaéhed by means of which a filter
paper ia tmghtly fixed over the mouth of ﬁhe funnel.
A cotton Wool plug is fltted in the stem of the funnel.

HE&GFNTS. Arsenlc-free Wﬂnalar“ ‘Bine (Washed with

arsenlc-free hydrochloric acld) anhydrous "Analar!

’sodlmm sulphlte, and dllute arsenlc*free hydrochlorlc

aclds(l¢2¢water) are required.

ST&IW PAPTERS: Whatman No.l Filter papers, 9 cms;4diaméter i

are saaked in a 25 per cent solution of neutral 1ead

‘ acetate, ered Sllghtly ln gir, and kept m015t in &
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- xPROGEDURE;~ In the flaak are placed 50 gmse of gzine,

o 5 gms. of" the sugar product under examlnatlon and 3 ccs.\‘v

'_of‘waterc, The ta@ funnel 1s charged w1th 50 ccs.‘of
-the - dllute nydrochlcrlc acxd, and’ the other funnel 15
.'fltted wuth»a~lead acetate~paper. The hydrochlorlc acldﬁh~

)1s now slowly run ;n, and the gas evolved is allowed to\ G

«pasa through the 1ead acetate paper for 30 mlnutes.

The stain- produoed is then compared w1th standard stains.%yg

;These standards are replaced monthly.

o BLANK "EST., The above procedure ls followed without

sample. The 21nc 1s rarely free from sulphur and the‘
_prellmlnary wash w1th dllute a01d is to remove thls
»sulphur.iﬁ‘_vﬂu-‘ ' P ;

PREPARAT ION ‘OF STANDARD ,;TAI\IS :

, Sodlum Sulphlte Solutlon.~ - 0.06 gm. of‘"ﬁnalar"

éﬂ;sodznm sulphlte 1s added to a sugar solutlon made by
»dlssolv1ng 300 gms. of pure aucrose in 500 ¢es. of

distllled water.-;”The strength of thls sulphlte solutlon;“

‘1”19 ohecked hy additlon of 4 ces. of standard iodine

solutlon, tltratlng‘the excess avalnst standard thio-
»sulphaﬁe Soluuion.v‘ The sulphlte solutlon must be
‘dlluted again for dlrect use. B ‘v

Standard stains are prepared fepresentlng ffom.l t0-.
70 parts of. 8 02 per-mlllloa.;
- NOTE%* Sulghides,kif’préSent can be‘distinguished‘by
= replaclng ‘the zing by marble.
‘> | The dlstlllatlon test is normally only resorted to
‘;‘when the staln test shows 902 conﬁent of the sam@le to

- be ahove the Ilmlt of" 70 parts per mllllon._ 
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UG&R PRODUCTS

BESU&TQ Of DTLRMINATIONS OF QULPHUR DIOﬁlﬁh TN

NO W

'fsAMPBE

‘~SQg PARTS};:if
|- PER MILLION

1.

2.5

g

MauritidéVraw'sggaff

% -

5.0

2

|5

San Domlngo "o

Java

Vw.5

5.0

below 1

below 1.

4.

=

"

15,0

10

'Australlan

"

5.0

13

L5,

.6.‘ .

Gu’b& N IQL

Naﬁéi”rii«$

o

1.6

60

!

;Péru

5.0

8.,

Guba. II.

Canadlan.Yéllow*

5;0

o

10._

iBrltish »

L

. 100.0°

“below &

“Beet‘Whlte

Sugam 1.5“ f

20 0>

i

“12; "Beet Whlte

Sugar IIQ%i;&

3.

tBeet Whlte

=3 ugar III!

. 5.0

117_

14,

15

i,

.Beet Whlpe

‘Beet White"

Sugafvv.;"

ASugar Iv;*

5.0 =

5.0 -

18

16,

Beet 2nd

'Produet &dgar

5.0

19

17.

Golden Syruy I.

5.0

10

18,

Golden Byrup: II.

5;0”?

Jiev

 Ref1nery Mblassea L. |

'. 20 0.

15

LL SN

o

0.0'3

_29

210.,'

Liquid Glucoge

1T

0. 5.

700

American Cane Syrup

24

22.]

1/%0'm

2@:

Refined Waite Sugar

Refinefy;YblipW‘ﬁyfup-A

5.0

20
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NOTB ON THE TAIN METHOD. ) The cl&mp nust be screwed

vely tlght on: the fllter paper to avozd leakage.
Leaks~are shown sometimes on the flndl p&per'by a
staln round the edges. - Slmllarly the papers should
be examlned for pexforatlons or thin spots since the

| gas will tale the 11ne.of~least resistance.

TBSTS ON THE @TRIN'MBLHOD'

BXPBRIMFNT 1.:

 ;(&) The staln method was applled using 5 gms.

”?‘of‘Maurltlus Raw ougar.;, Result.~

'P$SG - 36 paxts per mllllon. _
(ﬁ}t‘A new'paper was- inserted and the test
ff,GOﬁtlnued for half-anahour.»' A second

'[Qstain was obtalned.ky Result.

lsoj»gfqo parts per mllllon. |
" ff(¢)g A thlrd paper Was 1nserted and .the contents;
|  7of the flask Toiled for half»an~hour under_af-'
}refluw. A thlrd stain darker than,ln B

}waa ohtalned Result'

 ,502_ 25 parts per mllllon. |

g(é)i;ﬂ fourth paper was 1nserted and the apparatus-

W (lefﬁ Qvernlght, the flaak’b51ng-allowed to .
;cool. No staln was obﬁalned. B

i EXEERIMPNT‘E. A ﬁest was run as followss:

The zinge and dlstllled water Were brought
to the bDll and ’;gms. of the,maurltlua Raw uugar"'

‘washed ;nto the flask with boiling watex. The
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N

apparatnﬁ was new as sem:b]ied and the acid add“ed‘ the

test being cont:nued in the normal way, allow1nb the

L flask Lo coolc

A fresh paper waLB inserted at the end of nalf-an-.
hour‘and the Lest contlnned for a further half hour.j‘;f
Result-~" lst-Half‘Hour 302 e 36 parts ‘per mllllon.'t
I 2nd * "o st .20 0w "

The results of these expenlments demonstrate the
néééyfor standardlsatlpn ofAtlme and condltlons in

the jstéea.-inifﬁgs,t, .

DIRJCT TI&RATIONTMETHDD FOR SOQ IN UGKRS.

PROGFDUHE.» 20 gms. of the ﬁest sample are dlssolved

1n.watel and»ao ¢gs., of N lodlne solution added.
s 100 . A
The excess 1odlne 1s tltmated w1ﬁh N Thlosuknhate

106
1us1nu fresh starch 1ndloator.:y“ :

NOT& When the tlﬁratlon.ls complete 1t 13 best o
check it by brlnglng bdck the hlue cclour by addltlon
of‘ N 1od1ne, netlng the amount xequmred.

lOO L
The N solutiqns are best made up each day by

100
dllutlon of aceurately standarélsed N _ solutions,
. 10 . -
The amount of _N iodine added 1nit1ally &an'be

: « 100
: oraded to sult the approx1mate sulphur dioxlde

content of the sample being tested.
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- BULPHUR DIOKIDE CONTENT OF SUGARS

" BY DIREGCT TITRATION METHOD

gmsg. of

sample

No. |

Using 20

S.SAMPEE

80,

PARTS
per

MILLION.|

M ILLION
STAIN

PARTS FER

| METHOD

Lo

Be_

Mauritiﬁsiﬁaw Sugar

o4

83

26

60

28

Natel

Peru .

o I

12

10

.-

SR

e

A5 T

. it

IV

|Beet White Sugar FIll

54

18

16_

13

1% 14 ~'V‘

34

e—

17

e

8.

Béetxaﬁév

101

‘lg.

17

9.

Product Sugar

10

82

10.

Golden Syrup I.

¥

683

700

:720

53

20

Liguid Glucose

# 1 gm. of sample taken.

DIFFERENCE

I S 073 . 1 .

0

10 .
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IL is apparent from thesa contraqted lasulta
that the dlrect tltratlon method glves higher results
"~ than the ataln methpd, and that there is no unlformlty
‘ \iﬁ"the diffeténges between the two methods., . The dlrect:
\tltzatlon method is dlfflcult Lo use. whera the S&ﬂplc
15 coloured. T | ‘

| The best appllcatlon.of dlrect tltratlon Would
be as a aortzngnout test, s&nce 1f the sulphur ledee _
:found by dlrecﬁ ﬁlﬁraﬁlan ls beLQW'the permlaalble
11m1ﬁalt would be safe generally to as&ume that the
."ccntent by other method& of estlmatlon would al&o be
balow the" l::.mlt. | | | |

- The llquld gluccse does not appear to contaln :

any other 1od1ne~absorb1ng substance, but the error
af dlrecﬁ tlbxatlon is conalderable w1th the other

proﬁuetﬁ.‘ﬂ‘



=60~ |
THE DI%TILLATION MITHOD TOR BSTIMATION OF SULPHUR

 DIOXIDE IN SUGAR%._fT

The_method'due to Monier-Wil liams (loc. cit.) ﬁas
" used and is here described.

APPAR&TUS: A round botﬁbmed flask of 1500 6@5;

capacxty prov1ded Wltﬂ two necks is connected w1th

a sloplng reflux condenser whlch leads to a 200 ccs.
conical flask followed by two Péligot tubes. The
'ﬁhba whiéh enters tﬁg conical flask regghes'right_to
;the'bottom of the flask. The édnical flask contains
110 ces. of pure “ten volume (3 per cent) hydrogen
’peroxlde, free from SUIPhUllO acild. The first
.;Pelggat,tghe also conta;ns 10 ccs. of‘h&dragen Perox=

"ide, and thenéeéond contains 5 ces. of a mixture of

‘"Ehydragen,perox1de and barlum.chlorlde acidified w1th

hydrochlarlc acld. T ‘This seeond tube acts as a guard
 tube for the other twos any aulphur leYlde reaching
-1t will produce tulhldlty. |

PROGBDURE: The - apparauus lB connected up and 500

v:cqs. dfldist;lled water and 20 ces. of hydrochloric

. “aoid érevpléééd.in the flagk. This solution is

boiled for a short time in a current of pure co,

to remove air, the CO, being led in through the

second neck of the flask. The sample is now
introduced through the neck of thé flask. The mixbure

is then boiled for one hour in a slow current
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'of carbon dioxide. Just before the end of the
distillation the flow of water in the condenser is
‘Stoppad, which causes any sulphur dioxide retained

by condensed moisture in the delivery tube to be

- driven over into the receiver:

Tﬁé'cbnﬁectiﬁg tubes are washed down with\a :
little Watéé and\the contents of‘the;first Péligot
-’ﬁubé"tiiﬁ ferred ta the conlcal fléak. The liquid
whlch Wlll amount toabout 50 ccs.,ls then titrated
1n the cold agalnst N soélum hydroxlde solutlon
lus1ng bromphcnol biuéo(pﬁ range 2.8 to 4. 6) a8
‘, 1nd1cator. If deslreﬁ the tltratlon remxlt may -be
';checkeé by’a grﬂv1metrlc determlnatlon as barium o
sulphﬂte.'ff " ) ‘V o 3 |
CONPARI%ON or ULPHURﬁDEéKIﬁEjRESULTSiBY 3 _NETHODS .

buxaﬁua DIOXIIE PRRTS EﬁR:MILLIOfo

No. - BANPIE . DISTIL- | STAIN | DIRECT
- o TATION. | METHOD. | TITRATION.
L. |Meuritius Raw Sugar| 37 36 64
2e Nét&l ﬁ':  w . fi;ﬁ@' . 60 | a3
3. |Pexu o w 17 |10 112
TBect Wnite — | T T
|4e. | _Sugar IIT. 16 15 41
5. |Golden Syrup I. 16 10 | .63
ﬁ?.v‘Brit§§h'Yélloﬁ Sugay 8 _hBeloW'l _ -
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if-ﬂﬁe digtillation results are'aéceptéd as

correct it is seen that the Stain Method has given
- nearly qorréct.resu;tsqur each sample examined.

The direct titration méthod_ia least accurate. In
ffébnnéétion.with the~direct'titfation procedure it
should be bbSGrﬁed'thaf in geﬁéral-ﬁhe “dombined“
sulphite contained in the sample must first be de-
compSSéd'by pieliminary digestion with cold sodium
hydrox1de followed by'acidificatlon,and 1mmed1ate
dlrect t1trat10n.~‘ Thlﬁ comblned sulphlte may exlst
in aldehydlc ketonlc or ester Ecrm, and it 1is very
”f:pxobable thatAsuch stable sulphlte oompounds Wlth
Tssugars and atarch and perhaps cellulose, are quite
’ '1nert;Myﬁlolegically; g Thls is supported by the
ﬁ known fact that ﬁhey no 1onger inhlblt mould-




o graV1metrically.‘f

o - =63 e
MSTILL&TION ’BFSULTS USING. VARIOUS OXIDISING AGENIS. )

Dlstlllatlon.tests were made on.Maurntius raw
sugar u81ng the follow¢ng~0w1dlslng agents'-”
(a) ._Iadlne | | |
- (v) B:omlne water
o (e) ﬁH&éragen.Péroxide'
‘V’(a} ”Sodlum perborate.

(&) IODINE.a The Mbn1e14W1ll1ama Apparatus was used

tw1th 500 gms. of‘haurmtgus Sugar, the distillate

belng led 1nto a solutlon of 0 5 gm. of iodine and

| 0.75 gm. potassmum 1edide in. lO@ ccs. dlstllled water.‘
The sulphate was preclpltated 1n presence of the
1adlne solatlon and astlmated gravimetrlcally._

(h) BRONINE WATER. ‘&a 1n (a),rece1v1ng the dlatlllate

in Q- flaQR'contalnlng 50 ‘ces. of’bromlne Water. The

_brom;ne watel ‘was b01leé off and the sulphate estlmated

"',(c} “Af in (a) but 50 cas., of hydrogen peroxide

'-solutlon, contalnlng 10 ces. of 100 volume hydlegen
'peroxlde was used ag OdelSLng agent.q

(d) As in (a), ualﬂg sodlum,perboxate in place of the
lodlne. o .
NOTB: All reagents were teated for sulphate, and
'3:where founé (hyarogen peroxlde and scdium perhorate)
‘a blank tesﬁ wae applleé and &pyrcprlate correctlcns

made.
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RESULIS: ~ MAURITIUS RAY SUGAR.

lgu Iodine ST ; 38

2. Bromine‘Wéfér ‘ : . 26

Se HydrOQen Per011de . 359
|4: |sodium Eerborate 1 41

— <
——— —— Brak - e

|

| The results for thls sugar by the stain method was .
56 Pe p.m. and. by dlrect tltlatlon 64 p.p M The
bromine water method has'glven an &n&xpllcably low
:résqlﬁ{ ) _. o 4 | :
UNM@RY;_ The three prlnclpal methods of determlnlng
lsulphur aloxlde in sugars ‘have been examlned and com=-
pared and results are shown for varlous sugar'products.
-The élstlllatnon method (us1ng hydrOgen peroxide as
ox1d1&1ng agent) need only he used When the sulphur'
dloxlde found is close to or above the max1mum amount
_‘legally'al;qweq, since 1esulta by-thekstaln and direct

. titration methcaa5norﬁa;l&ﬁéppear to be high.



PART 3.

THE DLTERMINAEION OF

' REDUCTNG SUGARS.

The elactrometrlc and the methylene blue
volumetrlc methods of determlnlng reduclng sugars
have been examlned | A nermanent 51ntered glass
cell dev1sed by the author is descrlbed A study

has been made of varlous factors affectlng reducxng

sugar. determlnatlons. o
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THE_DETERMINATION OF REDUCING SUGARS.

GENERAL'INTRODUCTION.

aLxTERATUREQ:,\

The 1ite£ature relafing to the determination of
 reducing Suéars‘is very voluminous, and the methods
proposed are mere varled and have been subject to more
'rev151on than probably any other study in sugar
*'ana1y51s. | |

Many  of - these modlflcatlons are descrlhed by

"‘i_‘Browne, (Handbook of Sugar Analvsls, John Wiley & Sons, o

1912), and some of the methods are descrlbed in detall

in the present work.g

SMDLENSKI'S GHART.u‘;fi o
A chﬂrt drawn up by Ko Smolensxl of the Polish
Sugar lnqtltute 15 shown on-oage;ﬁﬁlﬁh the approprlate
,references.ﬁw Thls chart Was pre%ented at the 31xth
session of the Internatlonal Commlsolon for Uniform
V-iMBthods of Sugar Ana1y31s held in London in 1936, It
:outllnes the pr1n01ples of the ohlef methods d651gned
for.use in the chemlcal control of sugar manuracture.
In general the methods of this‘chart were not
put forward as suitable especlally for the estmmainﬁn

.of small wmounts of reduclng sugars such as found for ;

sxample in blochemlcal analy51s. ~ As a result a distinct
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set of methodS is found in this type of work.

ZRLDUCTION METHODS'

The princlpal ohemical methods for determlnlng
.redu01ng sugars are based upon the property Wthh
all aldehydes and ketones possess of reduclng alkaline
solutlons of certaln metalllc salts.

Trommer (Ann, 39, 360 ) in 1841 first 1ntroduced
alkal&ne copper sulphate as a reagent to dlstlngulsh
dextrose from sucrose, and hls method was. improved
by Barreswxll 1nr1844 (J Pharm[ﬁ} 6 301) by.. the
addition of pota881um tartrate whlch greatly increased |
the stabillty of the reagent by preventlng preclp1tat10n
of cupric’ hydrox1de.,v -

In 1848, Fehllng [Ann. 72, 1106, 1849 106, 75,1858]
introduced a quantltative method based on BarresW1ll'
improved rgagent, and gave gtp1ch1om¢tr1ca1 equlvalents

between‘ccgpef>andAdethose.l

OTHER METHODS.-

There are other methods for estlmatlng invert
_sugar. One of them is based on the reaction of
Iodine with reducing sugars. Dextrose and Levulose
take up definite"quantities of Iodine thuss-

Cg Hyp0g + 4KOH +3I1 = CpH1005C0K 7—3K1fr'3ﬁéo
The excess of Iodine is titrated with N/10 thiosulphate,A 

1 cc. of which e@uals 0,009 g. of glucdse. . The
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‘ method;is-ﬁot applicable when these sugars are to

be estimated in'preéehcé of excess of sucrose.
Oxidising méthods emplpying potassiun

permanganate, chromic acid,‘silver salts or bromine

have not been brought to the stage of practlcabllity.

The . oxidation process cannot be sharply limited to

a deflnlte phase in ﬁhe decomposition of, say,

dextrose, the sugar generélly being transformed iﬁto

an 1ndef1n1te mlxture. The 1deal reagent would be

one Wthh changed glucose to another deflnlte substance,

TWO_TYPES OF ETHOD: -~

It w111 be seen frém Smolenskl's chart that
methods may be leldBd 1nto ~two classes - volumetrlc
anq graV1metr1c.3? o |
| In both cases, desplte numerouq attempts to -
improve upon the or1ginal proposals (e g. of Fehling
and Sohxlet), there is stlll no method which will
give perfect quantitative results in the analysis of

mixtures of common sugars.

REDUCTION OF COPPER SALTS:~

The méthods in general use to~day employ alkaline

cupric solutions almost exclusively, reactions in the
case of other metals such as mercury or silver being

seldom quantitative,

Even with copper solutions, the oxidation of say,
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dextrose, is hot governed by a definite stoichiometric
reaction, and the ratio of 1 molecule of dextrose to
5 of coﬁper which was regarded as constanht by Fehling
was shown by Sohxlet in 1878 (7.Prakt.Chem[2] 21, 227]
to varyAacqording to thé~excess of copper present

. during the reaction.

FRAGUENTATION: ~
Thesegfésts and determinationsTare always conducted.

in strongly alkaliﬁe‘solution where the sugar molecules
‘are spllt into fragments whloh are actlve reduclng agents.
‘ . Hence reducing pow&rzis actually a measure of
tﬁe-extent;of“fragmentation gnderfa given set of
conditlons. | §
'_ This exylalns Why glucose reduces approx1mately
four tzmes as much of 2 cuprlc salt as would be
calculated if the reactlon Were a szmple oxidation of
the carbonyl group to carboxyl. ItAalso explains why
isomeric sugars under parallel condltlons have -
different reduclng powers.?‘ |

| Accurate determlnatlons depend upon reproducing
the same condltions of temperature, time, concentration,

ete,, during the reduction.

. REDUCING POWER:-

The reducing power of different sugars is not the

sames for examples-
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5 . i =3 'Y . i 1
0.50 gm, of invert~sugar reduces 101.2 ces of gg¥&%§§n§

0,50 " % glucose , " 105.,2 " m "
. Q. 50 " "' l‘a,ctose H 74’0 n t 1)
0.50 " " ‘fruétose " Q7.2 " " 0o

The reducing_éugars present ih sugar‘faotory products
consist geperaily of more or less equa1 amounts of
dextrose ahdilevulbse.‘ )

The Eehlﬁng-Sohxiét'sothion is always standardised
under-exacﬁly the same‘COnditions aé ﬁhose_of the teét,

against a heutrai-sfandard invert_sugar'solution.

AEKALINITY oF REAGENT

The alkallnlty of the copper reag ent is a. most
1mportant factor as it greatly lnfluences the behaviouw
of the reaoent towards reducing sugars, and_towards
any sucroae which may be present w1th it. ' The copper
reagents thus fall 1nto two groups, those of hlgh
alkalinity and those of low alkalinity. Saillard.
has shown thét the higher the alkalinity, the more
rapid is the faté of reduction, hence it céuld be
said that it is better to use dopper reagentslof high
alkalinity. | Hoﬁever; in sugar products there is
always sucrose present which may amount to hundreds
of times the quantity of invert-sugar, and this in
presence of alkaii also causes appreciable reduction

of cupric copper to cuprous. The higher the alkalinity
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the greater‘the extent of reduction. TFor this
reason alkali‘carbonates énd bicarbonates are sub-
| stitutedyfo: the hjdroxides in many copper- reagents
and. in thése the action of the alkali on. sucrose is
very smali. | ;
It ié &oﬁsidered'by Quisﬁmbing & Thomas
(3. Am.C. S. P,1503 (1921). that sodium hydroxide in
Pehllng S solutlon glves a more satisfactory '
precipltation than When pot3351um hydrox1de or the
carbonates are used.

When sucrcse is pfesent 1n a solutlon along
w1th 1nvert-sugar, the caustic alkall of the copper
solutlon attacks the sucrose and redu01ng subsuances
are formed Whlch reduce the solutlon themselves.
This action decneases w1th increase of concentratlon
of the sucrose on account of the. slmultaneously
inereasing v1scoszty“9f_the»solutlon which tends to

immobilise the hydroxide ions.

_TEMEERgﬁURﬁfOﬁ REDUCTIQN:;l |

The higher the temperaﬁure of the reduction,
the greater its rate, but at the same time the
greater is the aétion of ihe alkali on the sucrose.
To minimise this action of alkali many of the methods
‘use a reaction temperature lower than the boiling

point of the reaction mixture, generally the hoiling
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point of water, and Saillard'é'ﬁethod which uses
a- solution of high alkalinity,‘cbmpl&tes~reduction
at a temperature of 62°. Thus;.accordiﬁg to the
temperature of thevexperiment, the méthods may be
further divided into two groups - those in which
the reductidﬁcis carried out at the boiling point
of the reaction mixture and those in which a lower

temperature is used.

MDDL OF HEATING

COMPARISONMOF LANE AND EYNON' MLTHOD WITH THE
METHOD OF HBATING IN A WAThR-BATH.‘I - =

Ofner (I.s.J. 1926 p.QlS) makeé the following
objections toAthejvoluﬁetriévmethodehere"thé:réaction
liquid is boiled,§~1~' - |

(1) Thne dxidéfion'is iﬁ00nstant-in presénce of sucrose,
(2) DGV1at10ns of procedure markedly affect the results.
(3) Reduotlon varies greatly w1th rate of b0111ng.

(4) There may be great varlatlon in the time taken
‘ A to come to boiling p01nt

- (3) Gertaln impurltles influence the cuprous oxide
S : separation.

E. Saillard makes this rematk "One can reach boiling-
point, or boil, in a manner which varies considerably".
R.ﬁ. Jackson (I.8,J. p.,444, 1929) states "Volumetric
methods have one chief faulf - the reaction timé mnust

of necessity vary while the end-point is being sought",
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Lane and Eynon (I.8.J. p.559, 1926), give their -

objections to water_bath.heating_in these words

" NIn g volumetric method in which Fehling's solution

is titrated to exhaﬁstion ,Vthe risk of back-oxidation
seems to make Watei bath heating unsuitable for

accurate work",

OTHER FACTORS IN‘REACTION.n

The time of. heating is an 1mportant factor and

‘must be acourately controlled f The he&ting time may_

be leldEd 1nto the time necessary to bring the solution

to b01ling p01nt,_and.the time of actual b0111ng

‘required for completlon of the reactlon.

Other. mlnor factors Whlch affect the results are

the shape of the.flask used, the nature of 1ts surface,

and the use of materlals such as pumlce powder or talce,

used to help even ebullltlon, and prevent super-heatlng.
The relatlve convenlence of the method must also

be con31dered - for example whether it employs a one-

usolutlon or two~solut10n reagent, and whether the

‘reagents requlre frequent standardlsatlon..

_Back-oxidation may cause errvor if the temperature
of heating is below boiling~poiﬁt, or where boiling is
reguired, if the boiling be interrupted.

The chemicals used in the reagent should be the

ﬁurest obtainable.
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RhFBRFNCVS TO_ME ETHODS NAMED lN‘%NOIﬂNSKI‘ CHART

OPPOSITE_(IN ORDER TRCM IEFT TO RIGHT. )

7.H. Lane and I. Bynon: J. Soc. Chem. Ind.; 1923, 42,
| o 320,¢ ibid., 1951, 50, 85T.

L. Garnler' T Pharm, Ghlm. (6) 1899,‘9, p;$26

I. Napoll. Gazz.,Chlm. Ind. Appl.,lQSQ, L5, Pe 125

G. Romeo: Ann Ghlm. “ppllcata, 1953, 23, 0e30%.

Ha Maln- I Q.J},1932 34, pp.ElS 460.

- Qo Spenglel, F. Tédt and M. Scheuer. Zeltsch. thts.

1bucker1nd., 1936, 86, PedR2.

.Bablnsk1° Prace Centralnegro Labordtoxgnm Cukrownlczego_“
1915, pp. 1-27.

T Salllﬂrd*»“Betterave et Sucrerle de Betterdva,“
| | | 1923, 1, .p.137.

- 8. utare' AEltSCh, Zuckerlnd Czeohoslov., 1934, 59,
T - p. 95.

G;'iéboufésée= Bdll-~A9é60;\Ohin;'Sucr. 1933, 50, p.4a4?

ﬁ.H.'Edwalds and u.J. Osbo:r:ne Tndy iBng. Chem. (znal.ed.)
o ) . i . ; 193&), 5 pa42. '

. SChoori- Chem. Weekblad, 1929, No.9; "Handbood,
Methoden van Onderzoek'blg dle Javaw§u1Le1~
' 1ndustrle," 1951 p.u?S. |
Re Cfner' Aaltsch. uckerlnd Gzechoglav., 1932 56, p. 249.

R. Ofner and I. Graﬁko‘ Zeitsch. Tuckerind. Czechoslov.,
‘ : T 1933, 58 P 56.

T. Ugarti: Anal. Assooc. Quinm.Argentlna, 1931, 19,p.137.

L. Pick: @eltsch, ﬂuckerlnd Czechoslov., 1935, 49,
o Nos. 28»32.

- G Bruhnsa Zeltach, analyt. Chem., 1920, 59, p. 337.

J;:Vondrék and M. éérnya Zeitsch, Zuckerind, Gzechoslov.,-'
. . 1934, 58, p.SQO. .
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Brown, m01r15 and Millar' Allenﬁs "Commerclal Organxc R

Analysis,® 5th Hd., Vol.1l, p.39%: - Browne's
“Handback’of Sugar Amaly81s" (1912) - p.425.

A Hblzfield and Max: Mhller: Zeitsch. Ver dent. ,
Zuckerind.; 1885, 45, e 100835 Spenglex's

®Anleitung zd Unterguchungen in der Fuckerzn—.*

. austrle,“ (1932), p.133.

A. Mblhant-? BUll..ﬁOC- Chim. Belg. 1932, 41,: p.ﬁza,ﬁ o
Bull. ﬁsaoc. Chlm. %uor., 1932 49, D220

G. curlgt" Bull. Ind. Ital., conserve allnent 1934, 9,
; R p.lOO ‘see also.Y. Volmar and S. Klelna S
I. Pharm. Ghlm., 1956 24, 400,

- F. Baexts and G. Blnard° La Sucrerle Belge., 1933 52,
, PP 186, 309;. Bull As&oc. Chlm. Suer.,. “
1933, 50, pp.154 275. LN : o

N9 Dollnek* Zelﬁ ch, guckerlnd, Gzechoslov., 1935,?
‘ 573 PleOQt e N o

Pa Pavlas. Zelﬁsch, uckerlnd Gzeohoslov.; 1033,
‘ - 57, p.2?2. A S .

R. B Whltnoyel. Ind an._Chem. (anal.-ed ), 1934 6,
ek . ) e C PD2680;Y“4- : )

;Wﬁ 0018' BlDChﬁmo‘Jog 1955, 27 Qo?25-

c. F. Eoe ‘and T. G Tdson. lnﬂ Eng. Chem. (anal. ed. ),
1952, 4, p.SOU. .
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INCIDENCE OF ERROR IN REDUCING SUGARS BSTIMATIONS,

Consideration of the controlling factors

described shows that each factor‘is a potential
source of error. -
The chief eprprs:involved\are;:-
| (1) Rgaﬁcihg action of sucrose.

(2) AgfoLreduction of”ﬁhe copper solution.

(3) Lack of'exa¢ﬁ éﬁntrél;of temperature (a)Bafometriof

. .l ‘ pressure,
- (Db) Super
| heating.

In additiOn-CGrfain‘chef’factors;must;befbontrolled
such as t= | 3

(1) Degree okailﬁtion of soluﬁion,

(2) Tiﬁe of bbiling:or h§ating{

(3) S&rfééeﬂéréa.of Soluﬁion; |
Empirica1 f§b1es haVe-been compiled“rélating to titrations
at various concentrations, and allowing for the reducing
actidn of’éﬁciose'ﬁhder’thé_strictly standardised
_conditions of the given method (e.g. Brown, Morris & Millar
J.Chem,So0c,1897, 71, 281; Munson & Walker, J.Am,Chen.
Soc., 1906, 28, 6653 Lane & Bynon, (J.S5.C,I1.1923,34T,
143T & 463T.)

It is aﬁparéht that the conditions of analysis

must be exactly gompiied with, since any change may

render the tables useless. The reactiong involved

are so sensitive that the amount of copper reduced
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is influéhced'to a great extent by the excess of
coppér remaining in solution, as well as by the above
factors.

| With pures sugars'such as dextrose and invert.
sugar,the error introduced by siight deviations from
the standard procedure is not great, but with impure .
sugar solqtioﬂs such as molasses, the error caused méy
be considérablé. |

DILUTION ERROR.-

The same degree of dllution should” be malntalned
for the mlxed copper reagent in all experlments.

Sohxlet found that O 5 gm. of dextrose reduced
1056.2" ccs.:qf;Fehllng‘s Soluthn when undl;uyed;and
only 101.1 6cs.:when éiluted with 4;parfs bfnwétér:
similar résuits Wére obfainedrwith other sugara.

Such a dlfference mlght produce a varlation of
several per cent 1n the reduc1ng sugar value.

It is also evldent_thgt to obtaln the most
concofdanf{reéults, the sugar solution should be
diluted to contain approximately the same percentage
of reducing suggré - i,e.y for a given volume of
Fehling's solution, the titration figures for different
samples should be ﬁithin narrow limits, for example
30 to 35 ces, |

That this erﬁor due to.dilution with wgter is

not fully appreciated in the sugar industry has been
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apparent to'the agth@r‘fof-some time, Thus in one
sugar refinery dilutioh_of the 10 ccs. mixed Fehling's
solution with an indéfinite amount of water (approx;
20-30 ccs.);was coﬁmonly practised. - In another
réfinery, 15 ccs. of water was used with 10 ccs. mixed
| Fehliﬁg's‘solution-and 2.5 ccs.. of Fehling's solution
was used-ih;fitrating-réfinod liquors of low reducing
sugar content In'yet'another refinexry, the Lane -
and Bynon method was used Wlthout accurate timing and
for the purer products only,_the out31de 1ndlcatlon
method wzth fanooyanlde being used for dark solutlono.

A fourth reflnery has adapted the Lane and EBynon
method with dllution as follows ‘ The" usual incremental
;titration is made, and from the‘numberiof‘qcé;'used,
the amount of ﬁgfef'ig palcglatéd which is necessary‘
to make‘toe:totai volumo 70 ccs. at the‘eo@ of the
titration.  Thus if the preliminary titration is 30 ces.
40 cco.‘offdistilled ﬁatér is:added in the cold before
proceeding with the final titration. -

ThisLVariation of procedure'is bound to cause
variable reéults from one laboratorY‘to'another.

In & paper by Whaley in "The Planter and Sugar
Maanacture;“ Vol,LXXX. No.S.Jan.1928, dilution of ten ccs.
of mixed copper solution to "about 100 mils" is
recommended. .For."such material as raw sugars the

~desired result may be obtained by‘a larger dilution,
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say to 150 mils, while with blends containing honey,
glucose--- a smaller volume can be-maintained",

Fischer and Hooker (Journal of Laboratory -
and Clinical Medicine 1918, 3, no.6) point out that

"the different colours observed in the rgduétion of
Eehling‘s solution by reducing substances are nothing
more than colbuf changes coincident with & gradual
increase in the size of the copper oxide particles",

Addition of a hydrophilic colloid to the soiution
will much delay the rate. at whichkthe various colours
are obtainedy‘éﬁd’in‘faqf,‘the dbpper oxide may be
é%abilisedﬂiﬁ'ény of itSAQarious‘gtétes of sub-division
by adjustlng the concentratlon of the solution,

"The: scientlflc ba31s of the old trick of
.‘lelutlng heav1ly the materlal {to. be examined whenever
questlonable reductlons are obtained is ea51ly seen, |
Dllutlon not only dllutes the hlghly concentrated
redu01ng substance, but more 1mportant, it reduces the
‘stabili;ing éolibids:ﬁo‘g poinf Whéfé their powers

in this direction arefiérgély loéiﬁ,

GENERAL INTRODUCTION_TO TYPICAL METHODS:-

Vdiumetric;-'>'Sohxlet_heateleeﬁiing’s solution in
_an open dish and added sugar golution_unt11 a11 the
copper was reduch. Greater accuracy Was'made
possible by using a closed vessel. The change from

blue to colourless in the ssuipernmtont. liquid was the
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end-point Later potassium- fernocyanlde was used
as an external 1nd1eetor to find the end—polnt.

These methods were only moderately accurate
beeeuee of‘ﬁhe somewhat indefinife end-point, and,e
With-ferMOeyenide, inaceureéies due to theltime
requlred to filter off a portien of the solution
for the end—pelnt test,

The methylene blue modlfieatlon due to Lane & Eynon
J.5.0C.1I. (1b1d)wae developed in 1923 to remedy these
defecte;:5 This method usee methylene blue as an
1nterne1 1ndlcator, the blue dyeetuff belng reduced
to the colourless lenco compound when 1t has reached
a characteristic potentlel. A The endap01nt dgint
very sharp W1th pure or relaﬁlvely pure sugar eolutlons,
but as it ie sometlmes obecured by the cuprouss oxide
pre01p1tate in. the belilng eolutlon a 11tt1e practlce
is necessary to dlstlnguieh 1t Wlth certeinty.
Occeeienaliy w1th dark solutlone the end-p01nt is
“difficult. to see, partlcularly when the sugar eolutien~
is gumm&-ef celloidal - 2.8, molassee. In addition |
the method is ueually limited to the hours of deyllght,_
as the colour change is not clear by artificial light.

4 To overcome theee troublee, the electrometric
method due to Tryller [?eltsch Splritus ind.52,peR7, 1929}
“[saint, 1.8.7.p.353 (1932)], has been adopted by the

Queensland Bureau of Sugar Experiment Stations

ELaboratory Manual, 193%}.
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- C.R.von Stleglltz and L.C. Home (Proc. Queensland
‘Soc. Sugar Cane Techn.1936, 101) have published results
‘showing very close agreement bétween the methyléne
blue and the electrometrlc methods. - '

More- recently de Whalley [}nt Sug J 1939, P 319]
- has described a modiflcatlon of the electrometric method
heating.ihqa water bath at 80°C in placé of boiling_
the solution. |
| eIttisfelearjﬁhét"afmethod of analysis dependent
upon oxi¢atioﬁ/&edﬁ¢tioﬁ pdtential such as is that of
eStimatinglredugiﬁg'sggars can be performed-by any
method Whi5h‘§ffords;- el a

(1) a colbur-éhange in thé system. . (colorimetric)‘

(2) A p0351b111ty of measurlng the potentlal at
, . .7 the end point.
(potentiometric
titration).

(3),'Reversal of the sign of the charge at the end
| S point,

(electrometric
"null-point" method).

(4) & Pre01p1tatlon. In this case the estimation
- may be completed colorimetrically, volumetrically

- or gravimetrically or by any other means which
- measures the change.

Method (2) has been described by Britton & Phillips
(Analyst 65, 18,1940) for the potentiometric titration

of glucose,

The precipitation method has been extensively used,
the general procedure being to boil a known volume of

sugar solution with excess of copper solution, collect




=83~
the cuprouss oxide precipitated and estimatebthé
amount df,copper by one of several methods.
In the following pages, the method of Lane.
and Eynon and the elegﬁr@metric method are éescribed;
The conditions of testing observed in the experimental

work on these two methods are also described,
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CONDITIONS OF TESTING OBSERVED LN

EXPERIMENTAL WORK ON REDUCING SUGARS.

(1)
(=)

(2)

(4)
(5)

(6)
(8)
(9)
(10)
(11)

(12}

The various pipettes used were standardised, and
were the same ones throughout these tests.-

For Lane & Bynon*s 3 drops of methyléne blue

method' o : were used in all cases,
The standard ¥ - *° s provided with a
capillary jet,ilrfmﬁlfﬂwance was made for
dralnage. | N

Dlstllled water was used 1n all tests.

The b0111ng~point Was taken as the . polnt when -
bubbles appeared at the edge ‘of the solutlon 1n

the flagk-ln,addlt}on to thnse:flrsp-appearlng
iﬁ'fhe éentre; o *

“Analar" reagents Were employed throughout

Each result is the mean of at 1east 3 titrations.
The gas flame was regulated by 8 water manometer

in all the experlments. |
All,filtratlons were made in 250 ccs., round "Monax"
reéistanéé glass flasks ﬁith flat-bottom; ‘ |
The'flask'was ndt removed from the flame during

any titrations asbeétos covered wire gauze was uéed.v
The copper-sdlution was measured always from a micro-
burette; the alkaliné tartrate solution was pipetted.

All titrations were performed in daylight, but

‘not in strong sunlight,
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- LANE _AND EYNON‘S METHOD FOR_REDUGING SUGARS.

‘Methylene Bluese 1‘gram of methyiene blue dissoived -
in distilled water and diluted to 100 ccs. The
‘methylene blue should be the best biological stain
quallty. A

PLHLING—SOHXLEI bOLUfION.~

EAJ{ Copper Sulphate Solutioni~ 34,630 gms. of

_A"Analar" (analytical reagent) Cuso,, . 5H o

<
| dissolved in distllled water and made to 500 ccs,

[?}'v A1ka11ne Tartrate Solutlonzn”,
| - 173, gms.b"Analar“ Rochelle salt
50 gms. "Analar" Sodlum Hydroxzde
dlssolved in distllled water and dlluted to 500 ccs.
The solutlons A and B are kept separately and mixed in
'equal proportions 1mmed1ately before use.

STANDARD INVERT SOLUTION.

9.5 gms. of the puresf obtalnable refined sugar
is dlssolved in dlstilled Water, 5 ces. of concentrated'
Hydrochlorlc acid (sp.gr.l.lQ)uadded, and the solutlon.\
'dilutéd~ﬁ6"about 100 cecs,  The solution is'allowed to
stand for 2 or 3 days if the temperature is over 20°C.,

or a week if the temperature is lower, It is then

‘diluted to 1 litre without neutralising and transferred
to & stbck~bdttle. The solution is sufficiently acid

to arrest development of micro-organisms and will keep

for several months. If a mycelial &rowth does develp
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- it may be filtered off: the concentration of  the
filtrate remalnlng unaffected.t

100 ccs. of thls solutlon contalns l gram of Invert sugar.

STANDABDISALION of THE PEALING=S0HXLET SOLUTION: -

50 écs;_df the Standard Invert Solution are
neutralised with caustic soda, and made to 1 litre
with watér;. ThisAsolutién,is tiﬁrated as descfibed

::below under "Analysis" téking the méén}rssult éf

-~ several fitratibné; 25,64 ccs. éf the invert~éugar
~;1solution-3h6ﬁla be reqﬁired  The copﬁer solution
- is adjusted to correct strength but the alkali solution
ij;need not be adgusted if it has “been made up ‘strictly
{jacoordlno to dlrections.,::' | |

AfADnaratus.—: Accurately graduated burettes were used

fffor measurlng the copper and preoaredsugar solutlons.

l_A standardlbed 5 ccs. pipette was used for the alkalil
'.solution. The tests Were made 1n 200 ces. round flasks
with flap bqttoms,qf-thin%Bohemlan glass. An_asbestos
coated wigé géuééﬂﬁésﬂused with an ordinary Bunsen-fiame;
. The boiling wés;timed in all cases by a stop-clock.

'v‘The burette was fitted with a twice bent jet of capillary

H;tublng (see photograph page 99)

.Ana1331s RN Incremental Test--A A prellm1nary test is

— . e s Bt v e

-first made follow1ng in general the directions given
below, In this test, a considerable portion of the
sugar solution is'added;befofe‘boiling, and the

methylene.blue is not addéd until near the énd—point.
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‘Exaetly 10 ccs. of the mixed Fehling~Sohxlet
solution are delivered into -the dry boiling flask.
' No water should be added, as dilution will give
erroneous results,  Within 1 .¢c. of the required
‘amount of sugar solution is now added, the solution
_‘brought to the boil, and boiled for exactly 2 minutes,
3 drops of methylene blue solution are. now added without
touching the neck of the flask. The timing is started
a8 soon as bubbles appear at the edges of the solution
.as Well aq in the centre. »Wlthoutwremov1ng from the
. heat-or 1nterrupt1ng the boiliné,\thé Sﬁgar sblution
is cautlously added from the- burette untll the end~point
is reached. - Thls should not taﬁe over a mlnute making
the total b0111ng~t1me 3 mlnutes. After each addition
of the- sugar solutlon, the flask should be glven a
rotary movement w1thout remOV1ng from the flame. The
' solution is kept b0111ng v1gorously throughout the test
'to keep the flask. free from air., 4 very slight contact
with alr Wlll re-ox1dlse the methylene blue and give
erroneoﬁs>results{ A little vaseline may be rubbed in

the neck of the flask when solutions froth excessively.

BEnd-point:- " Wnen the methylene blue is added it

colours the contents of the flask a deep blue or v@olet

which begins to fade when all but a small amount of

the copper has beén»reduced. As the blue fades, the
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-yellow:colour of most sugar solutidns will give the
sélﬁtidn a greenish tint,  This indicates a very

close approach td(the end-point and two or three drops
méfe are usuallylsufficient. The final diéappearance
~of the blue can best be seen at the edgevbf the solution,
With practice this can be determined so éxactly that

the accuracy with which the solutions are made up and
’:'measured out 13 the llmltlng factor in the pre0131on

of the test B

Calculation of Results:— The*factor corrésponding to

: the number of ccs.»used is 1ooked up under the column
_correspondlng to the sucrose concentratlon of the
"prepared samples, 1nterpolat1ng 1f necessary, between

. the columns.;, Dlvidlng this factor by the volume of

, soiﬁtion*used, and multlply;ng by 100 gives the milligrams
- of inVert\sugar_inlloo cqé.nof'the ?repared sample.,

The per céntof fedubing sugars in the original‘sample

is calculéted:from»the amount of éample weighed for the

original prepared solution.

Preparation of Sample:- The suerose content of the
sample must be known as this is used in calculating the
résults. It should not exceed B-gramé per 100 ccs, in
the prepéted samﬁle.‘ The donoentration of the redﬁéing
sugars should be sﬁch that from 15 to 50 ces. of the
solution are required for the tifration. Preferably

the amount should be from 25 to 40 ccs. Thus, for




" mélasses 10 grams‘is a suiﬁable amount.tazweigh;this

being diluted with water, clarified with 3 ces. of neutral

lead acetate solution (10 per cent), diluted to 250 ccs. |
and filteded:50 ccs. of the filtrate is deleaded with E
‘solid‘potassium'oxalate and diluted to 250 ccs. after ‘ \

. filtering.

\;.

Tables of Factors:- A portion»of‘Laﬁe and.Eynon's

. table has been interpolated for simplification of the
. calculatibné'neceésaryzin the experimental section of

this work, t'Theéé;inteypéiatéd_tables are shown heré:-'




Lane &;Evnon‘° Tablealnﬁérnolated
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‘ (showing mllllgrams Tovert Sugar)

,10 ccs. - Fehllng~Sohxlet Solutlon/gms. Sucrose per 100 ccs.‘sugar :

52,5

solutlon e
- ccs.,
SU= _ _ :
gar 0 .0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1,0
solu . . ' ‘
tion '
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 50448 50.42 50,36 50,30 50.24 50.18 50.12 50.06 50.0
© 17 B0O.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 50.62 50,56_50,50 50.44. 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 50.27 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 51.0 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
24 51,2 51.11 51,02 50,93 50,84 50,75 50,66 _50.77_ 50,48 50.39 50.3
25 51,2 51.12 51,04 50.96 50,88 50.80.50,72 50.64 50.56 50.48 50.4
26 51,3 51,21 51.12 51.03 50.94 50.85 50.76 50.67 50.568 50.49 50.4 |
27  B51.4 B51.30 51,20 51,10 51.00 50.90 50,80 50,70 50.60 50.50 50.4
28 5l,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 H51.50. 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
34 51,7 51,59 51,48 51.37 51,86 51.15 51.04 50.93 50.82 50,71 50.6
35  51.8 b51.69 51,58 51,47 -51.36 51,25 51,14 5L.05 50.92 50,81 50.7
36 . 51.8 51,69 51.58 51,47 51.36 51.25 51.14 51.03 50,92 50.81 50,7 :
37 51,9 51,78 51,66 51,54 51,42 .51.30 51,18 51,06 50.94 50.82 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
39 52,0 51.88 51,76 51.64 51,52 51.40 51.28 51.16 51.04 50.92 50.8 _
40 52,0 51.88 51,76 51.64 51,52 51,40 51.28 51.16. 51.04 50.92 50,8 |
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 52.06 51,92 51.78 51,64 51,50 51,36 51,22 51.08 50,94 50,8 |
44 52.2 52,07 51.94 51.81 51.68 51,55 5l.42 51.29 51.16 51.03 50.9 !
45  52.3 b2.16 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 B51.74 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  B2.4 52,25 52.10 51.95 51.80 51.65 51.50 51.35 51.20 51.08 50,9
49 52,5 52.35 52,20 52.05 51.90 51.75 51.60 51,45 51.30 B8l.15 51.0
50 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 Eynon's Table for Molasses: 0.3 Al. sucrose_present

- per 100 cos. 1% Solution,

Ccs., Mgms. ccs. Mgms. ccs. Mgms. ccs, Mgms, ccs. lgns,

~-su~ I.5. su- I.,S5. su~ - I,8. su- I.S. . su=- I.5.
gar gar gar gar ; gar
solu solu solu solu ¢ solu
tion - tion. tion tion © tion
15,0 335.5 22,0 230,9 29,0 -176,6 36,0.143,0 43.0 120.4
o D31.4 2 229.0 W 2,.175.4- w2 1l42.3 e 119.9
A4 327.4 24227,0 .4 174.2 o4 141.5 . W4 119.93
.6 323.3 ;6;225}1«»w,6 173.1 .6 140.8 .. .6 118.8
.8:319,.3 B 223.1 8 1719 .8 140.0 .8 118.2
16,0 315.2 23,0 221.,2 30,0-170.7 37.0 159.3”“44.0 117.7
W2 311.6 «2 219.4 .2 169,7 L.2 138,.6 .2 1172
.4 308.0.: .4-217.6 .4 168,67 - .4.137.8 = .4 116,7
.6 304,5. . ,6 215,8 .6:167.6 .6-137.1 .. .6 116.3
.8 300,9 . 8 214;0* 8 166,55 L8 136.,3. . ,8 115.8
17.0 297,3 24,0:212.2-31y0f165;5<ﬁ38;0’l55.6;;45.0 11b.3
T .2 294.,0 .2 -210.6 o2 164.5 . .2 134.9 7 .2 114.8
W4 290,744 209.0 .4 163,4 A 134030 .40 114.3
.6 287.5 .6 207.4 . .6 162.4 . .6 133.6 -  ,6 113.8
.8 284,32 .8 205.8 ~.8.l61.3 a8 133.0 .8 113.3
18,0 281,0 25.0 204.2 32.0 160,3 . 39,0 132.3. 46.0 112.8
.2 278.1 2 B02.7 .2 189.4.-7 .2 131.6 .2 112.93
4 275,.2 .4 201.,1 .4 158,5 L4 131,0 ¢ .4 111.,9
B R72.3 .6 199.6 16 157.5 L6 130.3 .6 111.4
.8 8269,.4 .8.198,0 .8 156.6 .8.129.,7 - .8 111.0
19.0 266,55 26.0 196.5 33,0 155,7 40.0 129.0 47.0 110.5
.2 R263,9 .2 195,0 .2 154,8 .2 128.4 .2 110.0
A 261,53 .4 193,6 .4 153,9 L4 127.8 .4 109.6
.6 2b8,7 .6 192.1 .6 1062.9 .6 127,35 .6 109.1
_ 8 256.1 .8 190.7 8 152,0 .8 126.7. . .8 _108.7
20,0 253,56 27.0 189,2 34,0 161.1 41,0_186.1 - 48,0 108.2
2 21,1 .2 187,9 .2 1560.,3 = .2 128,90 .2 107.8
.4 248,8 A 186,6 - .4 149,56 0 .4 124.9 A4 107.4
.6 246,0 .6 18b.2 .6 148.7 .6 124.3 .H 107.0 -
L8 244,1 .8 183,9 W8 147,90 .8 1283.7 .8 106.6
91,0 241.7 28,0 182.6 35.0 147.1 42.0 123.1 49,0 106,2
.2 239,05 .2 181.4 ¢ .2 146,53 .2 1R22.6 .2 105.8
LA 237,40 .4 180.2 LA 145,858 4 122.0 .4 108.4
.6 235.2 .6 179,0 .6 .144,6 . .6 121.5 .6 104,9
.8 .8 177.8 .8 143,8 .8 120.9 .8 104.5

235.1
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Note on ﬁhe b£éceding.tab1e%-

| The miiligxams of‘invert:sugar pef loo‘ccs;~shOWﬁ
.in>thié tabléAsexve to ca1cuiate the re@uéing_sugarsA
pérééﬁtagé inuq,éégésﬁé&f»@blasSes eoﬁfdiﬁing |
fapproximately 30’per'cent:of sucrose: this is a good
‘average sucxose4oonteht for molasses.

The table;refgrs to a 1_berlcént sqlutibn Off
molésses, éqnvaniEntly méde;by weighing b5 gréms of
l‘thGFSample‘and diluting to 50 ccs.
| The milligrams of 1nvert sugar pér 100 ccs.
divided by 10 glve the per cent redu01nv sugars

Adirectly for one per cent solutlon. '
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EXAMPLE_OF CALCULATION FOR LANE & EYNON'S METHOD,

West- Indian Mblasses.

Total solids = 80, 62/ (Refractometrlc)
‘Ash o 1ﬁ =z 9.56% (Su;phated)
‘Sucrose :$56.65% (Dry lead method)
o =36.50 (Wet lead method).

.The solatiOnuwa§ prepéfed.according to Lane & Eynonts

o dlrectlons v1z.«, R

15 gms. molasses made to 250 ccs, clarifying with

neutral lead acetate solutlon and deleading by solld

dfpota331um oxalate solution. . oO CCﬁé of thls clarified
h solution was then made to 250 ccs. This solutioh now

~\contaq.ned-1-.()4.@:_11;*;3. of the orlglnal molasses.

:Titration'F&gufes.'

(1) (2) (3) (4

~ Incremental
. ccs.  29.3 30,2 30.1 30,2
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Lene _and Bynon Calculation (continued)

- Factor 24,8 .. 30.2 x 24,8 _ 28.6
: oo T 2608 = 28.6 cos.

From Lane & Eynon's_Table:-

ces. : mgms. invert sugar mgms, ‘invert sugar
‘ ne sucrose . 1 gm. sucrose .
- ' ' - 100 ccs.
28 S 1837 T 18042
29 s1rr.e . 0 1744
o : Bl - " 6,1

C.6'x 6,1 = . 5.66 mgus.
- L

179.5A ~ Taking means - ccs. ,,Nd suerose  lg. 100 ccs.
176.9 S : S .
73,5 B - 28,6 . 179.5 -0 176.0mgms.

,Solution‘qdntainsbllOé«gms. of molasses per 100 ccs., of
35;5%'Sucrdse‘content, equal to 0,38 gm. sucrose per 100 ccs.

Sblution'contains(l?g b - 1. 5) 78 a mgms invert sugar‘«*
' per 100 ccs :

) - .
" Per cent 1nve?t sugar = él?? 34 X 100 =17.13%
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Potentiometric determination of Reducing Sugar.

H. Tryller (Z. Spiritus. ind., 1929, 52, 27-28).

—-—-.-—--IIIIM-II-

 Abstracted in J.S.C.I., 1929, 48, p.223B. (J H,Lane).

In the determination of reducing sugars by
tltratlon agalnst Fehling's solution, the end-point
is ascertalned electrically by the vanishing of
-potential difference between two thick copper wires

;(électrodéé) one. of which is immersed dlrectly in

 the boiling reaction 11qu1d,hand the other is enclosed
’ \1n a tube_qontalnlng a similar solution free from

fcoppér, eldééd at pﬁe_bpttpm by a porous plug, and
also'immersedriﬁ'theireaction liquid.

?.The free electrode and the tubé containing the
enclosed Bne pass thiough the stopper of the Teaction
,flaék, which also hés an o?eniﬁg;for.admission of sugar
‘solutioﬁ from & vurette andjfor escape of steam. The
two eleétrodes>are wired to a galvanometer. As the
end point of‘fﬁé reaction is approached the galvanometer
14“d§flection approaches zero and becomes extremely sensitive
to slight chénges of copper~content of the reaction liquid,

so that the end-point can be easily ascertained to within

0.1 cc, of sugar solution,

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. Follett—Smith, Chemist-Eeologist to the
'Department of Agrlculture, Britlsh Gulana. It is
stated to yield accurate results and to be
particularly uSeful.for highly coloured eolﬁtions
sﬁch as molasses. Details of the method are given
in the Int.Sug.J,,34, 353 (1932).

Elect;dmet;;c method of TrYlleQ, modified by Saintet al

Reagents.a (a) Tehling~Sohxlet Solutions~ Solutions

A & B, prepared as described under the methylene blue
method}

' (ﬁ) deium sulphate sbiution for cellgm

Thls 1s hereafter oalled "cell-solutlon“

59 4lu gms. of anhydrous sodlum sulphate dissolved in

water and made to 1 litre.A- \

,f_BB_ratus. | | 4 _ _ _

ﬁ(l) An- electrode Oftthk copper - wire (about 14 s.w.g.)

(2) ‘A cell of wideé (8 mms. 1nternal diameter) pyrex
glaes tublng Wlth a - plug of plaster of Paris. The
plug is about 8 mms. 1ong and is. made from a slurry

of plaster rather than a, baste. It is washed in the

cell eolutlon and stored in the cell solutlon when not

in use, |

(3) A dead beat, moving-coil galvaﬁeﬁeter with central
Zero, prbvided with prese-key.

(4) 250 ccs, pyrex round bottomed flask and the

usual burettes, etc.-
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“Hmethod.s\ The valvanometer is ered dlrectly to the

—— ar =0 S g

~e1ectrodes throuvh the press key.

The pyrex flask is fltted with. a cork which holds
the copper wire electrode, the burette th, the porousA L
| cell and the eteamnvent. |

The .cell solution is made by mixing 5 ccs. ofythe‘
above sodium sulphate solution, 5 cgs.,bf Fehling-Sohxlet
eolutionﬁB, and 40 c¢cs. of water:"<Tﬁis may be made up
;and stored for ehort pexlods, the 11qu1d in the cell
: belng changed every 6 determlnatlons.ﬁ

' The plaster of Parls plug lasts for about 26=30

determinations, after whlch the seneit1v1ty is reduced -
and another cell 15 used ; The cell 1s easily changed
~if the hole in. the cork 1s made a slldlng fit, then
.;placlng a. rubber collar round the top and adJustlng 1t
to fix the olug at a convenlent depth “in the solution,
An- asbestos éleet 15 f1tted over the neck of the flask
to- deflect the heat and facalltate manlpulatlon.

In maklng - determlnatlon the standard method of
Lane and Eynon 1s followed as far as the end of the
twn mlnutes b0111ng.~ 1.e,, when the methylene blue
should be added. At this stage t@eieWiteh is depressed
and if the gelvenometer'heedle moves to one side, sugar
solution is added drop by Arop.

‘The swing.of thefneedle geﬁs less and less, and

finally one drop will send it over to the other side of

the -zero p01nt. | It has been found that at the end-point
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it is{better to wait .3 to 5 seconds between the
addition of one drop mnd- the next, as at this stage
thefeAéppears?to be a slight lag before the system

attains equilibrium,
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BXPERIMENT AL, WORK,

The experimental work on reducing sugar estimations

by the Lane~Hynon and electrometric methods may be

divided into six sectionsi-

1.

N,
T

Check on Lane and Eynon's tables of factors; and

prepération and‘standardisation of Tehling-Sobhxlet

“solution,

”~The_§ffect of dilutibﬁAof Fehling-Sohxlel solution

m(a) on stahdard invert sugé;.sglutions before titrating.
_(ﬁ)'on syrup and molgsées;' |

. The development of a permanent cell for the

electrometric method (tests with silica, alundum

~and kieselguhr cells).

The;constructibn of tables and graphs showing

the divergenciés from Lane & Eynon'é tables

caused by (a) dilution (o) use of permanent cells

in the electrometric method.

Checks on all above methodé using various types

of molasses.

Various tests: (a) Various experiments with molasses.
| (b) Tests on boiling times. |

(¢) Effect of shape and size of

flasks used.
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:,SECTION (1)s~ Prenaratlon and, standardlsatlon of
Fehllng‘s solutlon. .

4,5 1itféé‘9f each solution (Fehiing's solution
A & B) were prepared by Lane andlEynOn‘é directions.
Stan&ard/in#ertzéolution'was=prepafed and the
N:Fehling‘s éoiufibn was standardised with thé following
results (each result being.thé mean of at least three

~titrations).

Standard CCS. - ... cese Titration
“invert - Fehling ® water- cecs. -
" solution. ;i_solution_j_J added :
mgms - per ‘ - S

3100 ecs.

| 500: f?-*» 85 0 . 0 24,80 X.
500 % - B0 . . 0 19.77

200 .. 10, . 0 . - 25,50
200 i 0 010 L 20 ~ 26.10
~,200. o100 . o0 400 - 26460

200, L e 15 1 0 - 38,23
200 * .- .15 . .20 . 38,98
200 o 18 T 40 . . 39.60

200 20 o . 50,25
200 20 20 - 51.03
200 20 40 - 51.60

X. Thls Fehling s solutlon was exactly correct for
use in Lane and.HEyifon's method, since Lane ‘and Eynon
give 24,80 ccs, as the correct figure for 10 ccs,
solutlon.
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SECTION (1):=_ Check on Lene_and Evﬁon‘s Tables.
of Factors. : : :

Zerban and Wlley of the New York Sugar Trade
Laboratory (J.I,EC.Anal.Ed. Vol.6.No.5. P,355(1934)
checked Lane & Eynon's-figuree for.inveit sugar in
presenceﬁdf sucfose and state "The factore for invert
sugar are generaliy e little higher than those given
by Lane & Eynon. This is no doubt due to small
differenees_in'manipulation, ahd ééhh anelyst should
check theee-valﬁes under his own individual conditions,
or construct his own tables of factors.

In confirmatlon of a statement made by Lane &

Eynon that in the presence of a large excess of sucrose
small varlatione in the detalls of the procedure have a
.much greater effect than 1n the absence of sucrose, it
'-Jls_found»thatgthelprec;31on 1elnot"qu1te as high as when.
redueing‘sugare alone are>present but it is nevertheless

._satisfactory for routlne analyees of raw eugars."

| Lane and Eynon g tables have been checked by the
author; some results are shown below. As with Zerban
and Wiley's check, the resulte vary slightly from those

found by Lane and Eynon,
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EXPERIMENTAL CHECK_ON LANE_& EYNOK'S TARLE,
5. Gms. -IhnvAéli*‘t Sﬁgar per 100 ccs. |
o 3.1 za O, 15_gms. - 0.20_gms N _ AT
Tim - B | TN I I Tic -
r [[tra~ |Mgms.|Mgms {tra- | Mgms.|Mgms [ tra- | Mgms |Mgms [tra~ |Mgms | Agma
O ([tion |[L & E|foundifftion |L & E|foundftion |L & E|foundition (L & E| Fowmd
S2lCC8, llecs. | CCS. : CCS. ~
o |53.08| 52.7 |53.08|55.10] 51.80|52. 65| 25. 50| 51.25|51.00] 12.70| 50. 36| TO%
1 |52.52| 52.65| 52, 52 54.90‘50.60,51.00 25.05| 50,4050.10| - - -
5 |a8.00|47.7 |48.00{31.90|47.70|a7.85| 25.98| 47.60 |47.96| - - | -
0 45.15,45.4‘»45.15 50.50| 45.95 45:75 25.1if46.10146.22| - -1 -
5 |41.63|41.75|41.63]28.00 42.7042.00 2;,56143,15;45;12L - -
Differences from Lane and 'Eynéﬂ Mg%ns;
0 +0.38 ::+ 0.85 ~0.25 +0.44
1 ~0.13 . + 0.40 - 0,30 -
5 | 40,30 +f6.15 | 4+ 0.36 -
o ~ 0,25 ~0.20 +0.12 -
5 ~0.12 -

—~ 0,70

~ 0.03
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SHCTION (2):. HExamination of the effect of dilution
on the'determinatidn of reducing sugars.

It occurred to the author that the differences
caused by a certain dilution might be'advaﬁtageously
formulated_intb.a table based on the Lane & Eyhonh
table for'differenf concentrations of sucrose and
inVert-sdgaf,. | | | | |

It WOuld seem that dilution must pérmit of easier
recognition of the end-point, otherwise it would not be
so widely practised. This prpbiem of dilution occurs
with the electfometric method also. -The origina;,
Tryller Method as modified by Saint uses 40 ccs. bf
water. Stieglitz and Home récémmend 20 ccs, of water
for titrations of 15 to 30.cos. ‘and 30 cos. where the
‘titration flgure is above 30 GCS - |

LXPLRIME TAL WORK: - Teqts were ‘made uglng the standard

Lane & Eynon‘brbcédure to-establlsh the‘error due to
dilution Wlth varying amounts of water. A further
series of experiments W1th standard 1nvert sugar solutlon
in presence of dlfferenf concentrations of sucrose

~ enabled tables to be constructed for dilution with 20 ccs.
and 40 ccs. of water. )

It was found that the dilution with water leséened
super heating aﬁd consequent "bumping" during boilihg.
Super heating ié eliminated in the electrometric method
by the presence of the calcium su1phaté or silica cell

in the solution,
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SECTION (2)i- Dilution of Pehllng’s solutlon in
Lane and REynon's methods -~ titration of 8tandard
.~ Anvert Sugar Solution,

Experimént (1)z~- Standard Invert Sugar Solution was

prepared accordlng tc Lane & Bynon's dlrectlons.
Tltratlons were made with 10 ces., and with 20 ces.
Fehllng 8 solutlonvwithnvarylng amounts of water added.

At least 3 titrations were made in each case.

(a) Using 10_ccs. Fehllng's Sclutlcn-

ces., Av.”‘i o Increase L Total - Factor of Fehllng 5.

water .Titration in. "7 increase solution. :
Jadded cos. PR qtltrat;on‘ L gms. Invertuquﬁar :
) - fees. o . N RET_CQC.

07 24040 . .. - Looass
7+ 10 . 24,80 . 0,40 - 0.40 -.00496
.20 L25,10 ¢ 0 - 0,307 - 0.70 - .00502
©30 . 25,40 - 0,30 1,00 . .00508

ST 407 25,65 1. 0.2 1,25 + 00615

B0 ¥ 26,00 - - 0.35 . 1,60 . 00520
.60 26, sq-.,,;«,;o;ao . .1l.90  ,00526

uf(b) U31ng 20_ces. fehliﬁg's Solutions-

0 48,256 . 0 . - 004825
10 48,40 0.15° - 70,15 /004840
20 48,60 - "0.20 0435 . 004860
30 48,90 0,30 0465 . 004890
40 49,25 0.35 ©1.00  .004925
50 49.45 0.20 . 1,20 004945
60 50,00  0.55 1,75 . 00500

“Result:~  The more water added, the greater the

ey B B i

qulvalent Weight of 1nvert sugar per cc. of Fehllng S

solutlon.
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Dilution of Fehling's Solution in Lane & Bynon's method.

1 Experiment (2):~ Titratioh’df?DextioSa:Hf

- Dextrose solution 2.5 gms,/litre. ‘Thé-mpisture
content of this sample of Dextrose was 1,06 per cent,

+1000 gm., Invert Sugar

Fehling solution 20 ccs.

li

.09595gm, Dextrose,

ces. - eeS. ~ Titpration . Per cent
Fehling's Distilled -cecs. -~ . “Dextrose
solution, water . AV, . A

oo mdded.. .

R0 T nEe o 439,15 98,03

200 . 40 40,15 95,52

% Dextrose 'z {.09595 x 1000 x 100) . 98.02%
R, (TR R 39,15 )T
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‘ Estlmatlon of Redu01ng Sugzars: effect of Dilution,

_'West Indian Mblasaes.

In thlS series of tests in addltlon to the
effect of ‘added water, the 1nf1uence of the method

of defecatlcn of the molasses solution was observed.

EX@eriméntx(S):; Deéalcificafion only. 5 gms, molasses

made to:.500 ccs. De~ca101fled w1th ary pota531um
oxalate and flltered Wlth Klpqelﬂuhr,

10 ccs._Fehllng‘s solutlonhused in all tests.

Test gcdél S % Reduéing

No. ‘Distilled. = . Sugars.
- water . - o
" added.
(2) 20 16,99
(3) - 40 . 17.12
(4) Blectrometric = 17.11
» alundum

40 ccs. cellg‘
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Experiment (4):~ TLead Acetate Defecation, 5 gms.
‘ “with '
molasses made to 500 ccs; /9.5 ces. of 10% neutral

lead acetate added and filtered with Kieselguhr.
Now added dry A.R. potassium oxalate and refiltered

. with Kieselguhr,

Test - cds.< ~,'-Av; KE - 10 cecs. - %
No. Distilled  Titration . Fehling Reducing
- . wabter ¢ces. . - factor - sugars. -
added. o R
(5) 0o - . 28,25 .0488 17,28
(8) 40 - 29.83 .0513 17.20
(7) “Electrometric 29.80 - .0506 16.98
~alundum ‘

40 ccs.,
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EFFECT OF DEFECATION ON MOLASSES

. REDUCING SUGARS ESTIMATIONS.

Experiment (5):~ West Indian Molasses.

) . _Oxalate_only
- Test ccs. No Z Red. % _Red.

No. Distilled defecation -gugars. sugars.
water. "% _Red. ' |
added sugars. - 7.5 gms/  3.75 gms/"
5 gms/500 - BOO ces.. 50O ccs.
CCS._
8 .0 - 16.92 . 17,68 17.00
9 - i>'20 . - o - 17.57
10 40 17,10 18.19 - 17.83
11 Electrds-  17.60 - 18.09 17.79
‘ metric =~ = o
- alundum
1= Munson & 16,86 . - -
. Walker's o o
method DR
13 Kino, 16,92 - -
‘method )
14  Thiosul~ 16,82 - -
phate

method

Summary of Experiments (3) to (5):-

No. cecs.water No. ‘ Oxalate Lead
added defecation only acetate agnd

oxalate.

20 - - 16.99 17.20

40_ . 17.10 17.12 16,98
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| TheAagreemént-in this particular case is
1remarkably‘goéd: ~this molasseszwas not a difficult
oneuto'titrate ~ i.é;, it did not appear to contain

.'excess colloidal matter. or calcium.

These results should be compared with those given

. in Seétiog”(G)a;for mdlassas of different origin.
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ESTIMATION OF REDUCING sﬁGAR54- Effect_of dilution.
Experiﬁent (6):— Teé£ with Golden Syrup using
diluﬁion‘wa£er§ 6 gms, weighed in 2 litres; no

" defecation. All tests using 10 ccs. Fehling's

‘ solutlon.

}La) Lane & Eynon.

TeSt - CCSHyY CAv. 10 ces. % o leference Co

. No., Distilled Titratlon Fehling Reducing from

- water. ~ces. -Factor  Sugars (1)

: added R, e, '
(1) ﬁ;fgl '-T34,13. ©,0488 . 47.65 -
{(2), - 10_§A"-_'54,5oh 35:0&95;‘ 47.93 +0.28
(3) 20 34.95  .0502  47.86  +0.2l

(4) 30 | 35.18'\‘ ;6508 48,15 +0,50
~(5)-23_ 20 | 35.48 L0513 48,20 +0.55
(8):  ; 50‘ ~( >‘136.10 ';*Qosao - 48,12 +0.48
(7) 60 36.45  .0526  48.07 +0.42

(b) Electrometric,
cell. DllutlonS'

(8)0a504 o No result - - -

{9) 10 34478 . 0498 47,73 0.08
(10) » 20 35,10 0502 47.67 0,02
(11) aAlun- 40 35420 . 0506 47,92 0,27

dunt.

It was?notéworthyvthat with no added water the
galvanometef did not reach zero in test No. 8: this is
the concentration effeét appearing: the method is

essentially the employment of a concentration cell.
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It was found very necessary to avoid leaving the
~ cells in contact with Fehling's B any longer than
l:iéssential. The immersed electrometric cell stOPS:

super heating and bumping - i.e., it acts like a porous

chip;
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SECTION (3):-

THE USE_OF SINTERED GLASS CELLS IN PLACE OF THE CALCIUM
SULPHATE CELLS. |

- The calcium sulphate cells as used in Tryllér's
method are not permanent, and require a certain amount

of attentlon to keep them in good order,

Salnt recommends storlng the cells in "cell solutlon"
but the alkali of the cell- solutlon soon attacks the
calcium sulphate. TheAG3101um sulphate is more or '
less attacked by the hot alkallne solution during the
bo;llng. A blue dep0a1t eventually appears inside
théicel}{(by;@iffusion~of,the copper). The bottom
likewise ﬁéuaiiy*beéoﬁesﬁcoated with cupreusm oxide,
and it 13 suSpected that thls may have a- catalytic
actlon upon the reduction.»’ These effects are

.- because
mlnlmlsed in the sintered cells/bf the lower surface.
presented, andithe act1on of the a;kallne{solutlon
on the sinteﬁé@ pp&ﬁﬁi@m;is”hot noticeably great.
'It waé thbught4that a sintered glass cell would
~bé suitabie'for ﬁhe purpose, and. cells were made.using‘
vériﬁus materials.

The best results"were obtained with Pyrex glass
and silica: alundum was not so satisfactory probably
on account of the amphoteric nature of alumina.

The ideal construction was one which did not allow

-liquid to drig through the cell but allowed electrical

contact through the porous end without dripping.
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' ThlS kept dlffuglon to a minlmum.

It. was found that the cells could “be cleaned with
acid, and-that thelr efflclency was unimpaired two
years aftei the first use,

Detalls are given here of the method of making
ithe cells. |

;Preparatlon of Sintered Cells:

A nlece of glass tubing 0.8 mm, bore by 1 cm,

_external dlameter W&S cut-lnto lengths of about a5 cms,
\Each length was drawn out 1n the mlddle “and cut, thus
;leav1ng a- tapered end on each final plece of approx1mately
\5 mms. external dlameter.f, The end was rounded off to
leave merely 8 plﬂ~pOlnt aperture.“ ﬁifferent mixtures
'were put 1nto each prepared tube, as 5elow, to fill the
tapered portlon, tapping the: mlxture Well into place.
'The whole tapered portlon was now heated red~hot in
;thg_Bunsep-ﬁlamQ.« ,Thlgiusually sealed the end off.
tHéating ﬁégiéontinﬁed“#ntil the thleimass had sintered -
kéboﬁt 1 to 2 minutes.\‘ After cooling, the tip of the

a5 . portlon was snlpped off, and the ‘end rounded of f

in the flame.

Mixtures:~ (next page).

G s v 2 o v, S —




Mixtures:-

(2)
)

;(aj;(a)(b)(éJA'

(6)
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1 : 1 of powdered glass and coarse
metallurgical alundum refractory powder.

"1 s 1 of powdered glass and fine

metallurgical~alundum refractory powder;‘

1 3 1 of powdered glass and pure
anhydrous alumina.

2 + 1 of powdered glass and pure
anhydrous alumina.,

3 1 1 of powdered lass and pure
anhydrous alumlna %3 tubes prepared)

~\~4 s 1. 0f powdered glass and pure

anhydrous alumlna.

Several cells Wlth plugs of the Tryller-Salnt tjpe

iwere made up u31ng pastes made of the ‘fine and coarse

alundum refractory powders reSpectlvely. These

hardened in ‘a day 0T two, but flaked congiderably on

rubbing.. They werefpladed_ih a steam~oven for 2 days

‘but still flaked, and were therefore discarded.
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Filtration tests on prepared cells:-
b ccs, of water placed{in'eQCh tube and also ina
similar tube plugged with calcium sulphate, and left

over small measuring cylinders for 68 hours (week~end).

Bésults:s> .
'Qi) (3) (4) all water through.
(5) (a). no’ water through

(). all Water through

; (c) 1 ce. water (apnrox) 1eft in tube.

Gd$b4 plug { ‘no Water through,

Afie; £gs£iﬁg7with‘ﬁa£e£°£ﬁesefcexls‘Wéie tested with
thelgaiQénéﬁeter-and Qt&n@ard‘invert solution in the
detéimfﬁatidh~$f inveft sugéf;_ \Théy were found to
vary considerably in @erformanéé, and also cracked
rather badlv in most cases, on changlng the cell in the
hot solutlon. o ’

It was 6601ded to make up a fresh set of cells,
employlng Pyrex glass throuchout, and gradlng the

powdered constituents for size.
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Preparation of Pyrex Sintered Cells:~

{1) 8ix cells were prepared ﬁsing 1.: 1 8io, : Pyrex
glass mixture and pyrex glass tubing. - These were found

to be insufficiently strong mechanically. The pyrex
tubing'waS'draWn;out in the hottest part of the |

' Bunsen_flaﬁé,‘and_the,seélihgnoff was done in the
blow pipeiflamé., Four of the cells survived and
leaked water slowly - about 2 ccs. in'i%”hours for

3 of them and 5 ccs. in 1% hours for the. other.

(2) Slt cells were made w1th 0 5 mm._bore pyrex
‘tublng, u51ng a 2 : 1 pyrex 51110a mlxture and -
leaving shorter ends than usual. These were sound

=mechanlcallv,ibut 1eaked water extremely slowly.

(3) Thrce cells were prenared w1th 4 3.1 pyrex to
kleselguhr mlxture. These cells were strong and

appeared satlsfactory for rate of leakage.

The grain size of the pyrex glass used was that
.,retalned by a 60 mesh gieve and passed by 8 30 mesh

sieve.
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‘An_alternative method of preparing Sintered Glass Cellg:-

An alternative method of preparing a sintered
glass cell is to blow a small bulb on the. end of a
piece of pyrex glass tubing of about 5 mms. diameter.
The‘bulb is quarter filled with powdered pyrex glass,
passing 60 mesh and retained by 90 mesh mieve. The
tube is transferred to a muffle furnace at low red
heat and left for about a quarter’bf‘an:ﬁéur.

on cooiihg, the:bulﬁ ié filled with dilute
sulphurlc acld, and the base out31de 1s allowed to
dip into hydrofluorlc a01d - The two llqulds are
connected 1n sevles w1th a dry battery and galvanometer
_ and the acad is allowed to act on the glass untli a

current will pass.

Adaptatlon of 31ntered Junctlon for Dl Work.

Thls type of 81ntered Junctlon hag also been
adapted. Wlbh the author's help as o standard Normal
Calomel half cell for;ﬁxwork.<‘ Such a cell would be

useful for taking thepﬂﬁvalues of p&stes and 51mllar
products where an ordlnary llquxd Junctlon would be
undesirable.. _The ha1f~cell prepared.bghaved very

satisfactorily,
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‘Prepar t;ég;gi_gg§g4zgl@ss:Sintergd CGllgz—

| Pyrex'glass was ground in a mortar and sieved,
using the portion passing a 30 mesh and retained on a
60 mesh sieve. “
(1) Three cells (A, B and C), were prepared using

this glass and CaSo, in equal amounts, the glase

4
‘being fused as for the prev1ous cells. ‘;.'

| These eells were tested with Fehling s solution
uslng 40 ces, cell solution, and gave moderately
good deflections, but on the whole rather too low,
Wlth A cell the defleotlon was off the galvanometer
scales B and G cells gave about 40 - scale ‘divisions.
(2) Two cells (D and E) were made as above using
2 parts of ca101um sulphate to 1 part of - aO/EO pyrex
\glass. These Were tested as. above and both gave
deflections well off the galvanometer scale (over 200
mllllvolts for No,‘4;)_;"“‘“

All 5 cells ‘were qulte sound mechanlcally.

‘The above cells are hereafter called "sealed

calcium sulpﬁgte cells",
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Comparative Tests of various_calcium sulphate,

S et St S S 0. PR SR P A o S Sy S S

i dome S
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The test solution used contained 10 gms. sucrose and

0.15 gm. of Invert Sugar per 100 ccs.

Kieselguhr

10 _ccs. Fehlingt!s solution used:-
Method & cell used CCS. Av., Equivalent
water Titration| ~mgms.
: B added CCS. | Invert Sugar
methylene blue 0 30,35 46,00
Blectrometric 2 3 1|
. silica cell
 No. 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 Q
- CaSQ4.Tw | _
““““““ A 40 31,35 47,03
13 . 40 31.75 , 47,63
14 - 40 " 3l.6bH- | 47.48
15 40 . 3l.62 | 47,43
Ordinary
CaSo, _
T No, 1 40  31.65 47,48
No. 3 40 31.75 47,63
Alundum 40 31.05 46,58
40 31.50 47.24
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It will be observed thét there is not more than
ordinary experiﬁental difference in the titrations:
the milligrams'of iﬁvert sugér»show'comparatively close .
‘agreement from cell to cell, The silica cells were
eventually»Selected,>as giving géod results with

sound<meéhanical strength,
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 E§per;ménts'bnAElectrometrid‘method for Bstimation

of Reducing Sugars: _Alundum cell and sintered

Filterastick, |

| ‘Tryllerts method as.aﬁﬁiied«by Saint td_spgar
| products Waé.used, employing (a) the CaSo, cells as
iﬁ‘briginal method (b) a porous alundum disc fused 

into glass, The effect of dilution was tried.

4_“;ng:~ 1l“Whéﬁ}4O'gcs;“Water was added to the
titration flask - the NaySo, solution put in the CaSo,

céiliwag diiuted ﬁo‘a-Similar}cdncgntfation.

Each resgiﬁ”shown?averégeélﬁf‘ét least 3 titrations,

No,  ces. - = ces. Distilled ‘CaSo4 Alundum

Fehling's  water added. cell cell,

- solution, : L : :
(1) 10 0o - 25,1 24,7
() 10 U100 2409 24,9
(3)- . 10 - ‘z0° 26,1  25.2
(4) 10 | 30 R5.0 265.4
(5) 10 - 40 25.0 25,3

It was observed that the alundum cell was much more

porous than the CaSo, cells hence diffusion was more
rapid, This cell was supplied for pH work by Poulenc

Ff%res, Paris and was in fact a ready-made porous cell
which was adapted for this work.
‘Similar tests were carried out using a Jena

sintered glésé micro filter-stick but this was also
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.;lfbundatg\bé:ﬁdd porous and to present ﬁod much.
surface»bausing CUPT U oxidé to deposit. | In general.
these were much less convenlent than the p01nted type

of smntered cell (see photograph)
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—SINTERED-CELLS—

FIG.1

A — SILICA CELL

B — sealed CaSO4 (KLL
C.— SINTERED HLTER-STICK
D — K ESELGUHR (¥FLL

E — ALUNDUMCELL
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Section (4). Preparation of Tables and Graphs

for  (a) diluted Fehling-Sohxlet solution.
(b) use of permanent electrometric cells,

(¢) use of Tryller=Saint calcium sulphate cells.,

IExperimental:~  Two series of tests were carried out:=-
(1) Titration of standard invert solutions of varying
.concentration (a) in absence of sucrose.

(b) in presence of 1, 5, 10 & 25
-~ gms., of sucrose,

These titrations were made (1) using Lane & Eynon's
method with no. dilutlon and w1th 20 and. 40 ccs.,
~dilution, and (2) using 31110a, alundum, calcium

sulphate, and kiéselguhr cells. The calcium sulphate
cell was the normal TryllerHSalnt cell, and not the

sealed oalclum sulphate cell.
(2) A second series of tests 81mllar to those in (1)
using one calcium sulphate cell and one silica
cell throughout.,. This series served as a check
on series’ (1), R
The results of these tests were plotted, and from
the graphs tables were constructed which are analogous to
those prepared by Lane and Bynon. TheseAtables cover

the use of the Tryller calcium sulphate cells, the

permanent silica cells, and the use of 20 ccs. and of
40 ccs. dilution water in the ordinery methylene blue

procedure,

Summary of Resultsi~

Dilutionza The tables presented will enable a better

e it St T ey ey
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-endépoint to be.obtained in Lane and Rynon's
volumetric process, by allowing dilution with either
20 or 40 ccs, of Watei.

Permanent Cells:~ The author hopes that the use

- of ‘permanent silica ceils will extend the usefulnesé
of the'elecfroﬁefric method of determining reducing
sugars, which already has the advantage for routine
| wd#khof being‘independent 6f daylight, since a colour
ch;hge:is néf'tﬁe éritéfion of endapoint

It is recommended that the electrometrlc method
be used for routlne work, the Lane-Eynon process

being generally:morewexact; :
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Differences due to)method“used:- The differences in

the milligrams of‘invertnsugar shown byithe various

methods are summarised below.

Milligramé Invert-sﬁgar:" No sucrose preéent

Titration - Lane & Eynon CaSo4 510, Lane & Eynon
1 CC8. ordinary .~ cell cell® o T 40

CCS . ces.

water water

15 i¢go.5~;?“ﬁ;ﬁj51.8">51.8.52,é 53,5
20, 5009 . 52,7 52.4.52.7  53.9
:25\; sz ~© B3.4 52,8 53.2 54,5
30 0 Bl 53,8 53,1 53.6 54,7
35 51.8 54,2  53.4 54,0 55,0
*465"1;Q"~52‘0j . B4.5 537 541 55,3
45 f{;x 52.3" - - 54,7~ 54,0 54,3 55,5
50 s%v<?sé{5 - 54,9, '54;2ﬁ54.4' 55,7

These results show that a considerable effect
is produced by Water.' w1th the calcium sulphate and
silica cells the higher figures are due to the cell
con@@ﬁtratién also. |

The silica cells used in this and all subsequent

-work were of the 1 : 1 silica pyrex glass type.
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Comnarlson of Methvlene Blue and Electrometrlo

Reduolng sugar methods

(1) The reading on the galvanometer can be altered by
varying the distance between the:eleotrodes, so this
distance must be unaltered throughout the course of
one experiment, itawould probably be better to

have this distance permanently fixed.

(2) ”Iﬁ_wes‘found that variations in total length

of iea&s ahd;betweeh the length of leads did not
materially affeot:the'reeuiie obtained. - The leads’
were kept of the same length throughout thesge |

experlments.

(3) 1t Was found that Tryller 5. method definitely
1ndlcates the approaching end-901nt and of course there
is no trouble in thls reepeot w1th methylene blue
add1t10n.’f» | _ |

(4) Bright sunshlne is about as. bad as poor light

or art1f1c1a1 light for v1ew1ng the end—pomnt with
methylene blue. | ‘

(5) With the electrometric method, the boiling comes
to fhil pitoh almost at once - i.e., it is easier to
"detect the exact point of full ebullition than in

- the methylene blue method._

(6) There is difficulty sometimes in getting the
last tinge of-purple to disappear in the Lane & Eynonh

method .

(7) The electrometric method takes ellwhfly 1onver
per individual titration, but the results appear to be
more rep*oducxble than for the methylene blue method.
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Series (1):~ Titration:of~standard Invert solution

in absence o

f Sucrose.

CCS.

l&etﬁod

Av.  mgms,

Av. mgms .

Av. mgms.

Av. mgms.
waten Tit- Invert|Tit- Invert|Tit~ Invert|Tit- Invert
added ra- Sugar |ra- Sugar |ra- Sugar [ra- Sugar
tion - | tion tion tion
CCSa CC8.. CceCS., CCS.e
 |(a)Meth- O 12.70 50.80| 53.08 53,08| 35,10 52.65[256.50 51,00
. [xlene T . L _ » o
Blue 20| 13,00 52,00 54,40 54,40(35.97 53,96|26.10 52,20
40| 13,32 63,28 54,44 54.,44]36.73 55,10(26.70 53,40
= 50| - - |- - | 36.88 = - -
(b) .
{Blectro~ .
metric. L
1+ 1 -40|13.15 52,60 Poor -: - |36.05 54.08|26.16 52,32
silica . o ' regult T »
Alundum 40 | 13.14 52.56| Poor = |36.03 - [26.12 52.24
o) T pesult -
|-+ 1 40| 13.45 53.80| 65.98 53.98|36.16 -~ |25.99 51.98
silica | > . . L -
|caso, 40| 13.10 52,40| 54,98 54.98|35.98 53.97|26.26 52.52
IKiesel- - 40 | 13.60 54.,40| 54,11 54.11|35.88 - |26.07 52.52
guhr I :
NO‘Sucrose. No Sucrose. |No Sﬁcrose. No SBucrose,
solution solution solution solution
‘lcontains contains contains contains
0040 gmn 0010 gmo O|15 gm. 0020 gm-
Invert- Invert Invert Invert
gugarx - per sugar per sugar per sugar per
100 cc8..- 1100 ccs. . 100 _ccs. 100_ccs.

The above‘figures show how dependent the Lane and
Eynon method is on the exact volume of liquid present
in the flask during the standard titration.
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geries (1)s~ Tltration of standard Invert Solution in
pregsence of sucrose.

0,2 em, Invert Sugar per 100 ccs,

5 gms.Sucrose pres~| 10 .gms.Sucrose present
Method : ces., ‘Aﬁl o mgm:?t. ces., -Av; mgﬁs.
water Titra- Invert |[water Titra- Invert
added. tion Sugar |added tion Sugar
| . CCB. _...._tes.
(a) ifethylane 0 23.98 47,96 0 23,11,  46.22
ELEQ 20 24,69 49;38' 'R0 23.56 47 .12
40 26.32 50,64 | 40- 24,10  48.20
(b) BElectro- R |
metric
1 s l_silieaé 344o '24,50“A49.ob | 40 23.60  47.20
alundum | a0 24.50 49}0Q; 40 23.50 47.00
231 siiica»‘ 40 24,40  48.80 - 4bw;; 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. In#éft‘Sugar per 100 ccs.
25 gms. Sucrose present
Method cCS, Av, mgms.

water - Titra- Invert
added tion Sugar
‘ CCS.,

(a) Methylene 0 21.56 43,12
- Blue . 10 21.93 43,86
- 20 22.16 44,32

40 22.60 45,20

Sy Py S S - S

'QQEE&E
1 ¢ 1 silica 40 R2.10 44,20
“alundum 40 21.80 43,60
"2 ¢ 1 silica 40 22.10 44,20
CaSo : 40 22.00 44,00

Kieselguhr 40 _21,85 45,70




=133~

. Series (1):- Titration of Standard Invert Solution

in presence of Sugrose.

‘Method ccs, Av, mgms, Av, = mgms, Av. mgms .

______ water Titra-Invert Titra- Invert Titra- Invert
added tion Sugar tion  Sugar tion Sugar
ces. ces. cCs.
e thy- 0 28,00 42,00 30.50 45.75 52.52 52,52
lene —

Elue 20 29.35 44.03 31,80 47.70
| 40 29,95 44,93 32,35 48.53

2

merric ‘ L R
1 11 sil- 40 29.29 43.94 - -
- . ica T ) ) ) .

Alundum ~ 40 - e -~ -

2 : 1 sil- 40 ‘28,95 43,23 32.20 48.30

: ica = | . C SR

Kieselguhr?40  ’ ;hi' - A -

-25 gms.sucrose 10 gms.sucrose 1l gm.sucrose
-per 100 ccs. per 100 ccs. per 100 ccs,
- 0.15 gm,Invert 0,15 gm,Invert 0,1 gm,Invert
sugar per. sugar per sugar per
_100_ces, per_100 _ccs. per 100 _ccs,

The colloidal orange dolour of the Cuéo is
intensified when the concentration is as high as 25 gms.

sucrosge,

Mgms, Invert Solution:. calculated thus:Q
Titration 28 ccs. Dut 1 ce.solu. cont, .0015 gm,
Invert sugar. .'. equivalent mgms. Invert solu,

= 1000 x 28 x ,0Q015= 42,00

That is, equivalent to 10 ccs, Fehling's solution
for the given conditions.




- ~134e

§eries_(l):~‘ Titration of Standard Invert Solution in -

presence of sucrose.

- For 10 ccs, Fehling's solution.

- Method cecs, Av., = Equivalent mgms.
“ : water Titration Invert sugar.
added. CC8.

Methy= T 0 25.05 50,10

lene :
Blue 10 25,45 50,90
| 20 25.62 . 51.24
30 25.95 . 51,90
40 ;;26,ivw' L sa.34
50 26,50 - 53,00
Elégtro-
metric - | |
1:1 511103 1‘§0A : 25,557‘\15 51,10
Alundum o 1'405 25,67 ;x 51,34
2 1 1 silica 40 Pddrvgeéqlffﬁ«"-
CaSo, 40 25,95 51.90
Klesglguhrlﬁ L0 - 25.50 51.00
2 :tlfs;liég"'zo 25.40 50.80
; Kieééiguhr‘ 20 25,80 -

Poor result

The above Test solution contained 1 gm. sucrose and

0.2 gm, of Invert sugar per 100 ccs.
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‘Tests_with Standdrd Invert Solution.

Series (2)

Cas0, Cell 8i0, Cell

Gms. Gms . Ti- Mgms. Ti- Mgms. - Approx.
Invert Sucrose tra- Invert tra- Invert mgms,
Sugar per tion Sugar tion Sugar from
per 100 CCS. . . cCS, L. & K.
100 CCS. ‘ S table
CCSe : -
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 bB0.30 19.60 49.00 47.6
10 19,18 47,95 18,90 47.25 46.1
R29. 18,15 45,38 17.90 44.75 43,3
0.125 Q 43.69. 54.60 42,73 53.81 52.2
1 41,80 b2.25 40,95 51.19 50.8
o 39,12 48,90 38,35 47,94 47,7
10 37.15 46,44 36,75 45,94  48.7
- 25 34,45 43,07 34.08 42.60 42,2
0,100 0 55,00 B5,00. 54,45 54.45 52.8
o 1. 52,30 5HR2.30 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 o 26.80. 53.60 26,33 52,66 .5l.4
o 1 26.00 52,00 " 28.60 51.20 50.4
b . . 24,85 49,70 24.53 49.06 47,6
10 23.88 47,76 23.10 46,20 46,1
29 22,35 44,70 21.70 43.40 43,1

Graphs were drawn using the above data, and from the
biotted curvésg tables were constructed. These are

recorded on the following pages.
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Invert Sugar Table for 10 cgs. Fehling's solution

for use with Calcium Su;bhate Cells.

Results shown are for series I & I1 Calcium Sulphate Teéts.

T I1I - I II T TT

Ti- O gms. Sucrose - 1 gm. Sucrose 5 gms,-sucrose
tra- mgms Invert Sugar mgms Invert Sugar mgms Invert Sugar
tion - - | - ' '

- ces.
15 51,83 52.5 51.00 51.00 51.10 20.095
17 - 62.20 = = ' 61.2 50.75
18 52.40 = . . 51,3 50460
19 52,55 o 0l.4 , 9Q.40 )
20 62.72 92480 51.50 . 51.48 50.30 49.60
21 52.85 . . B1.60 . - 50.15
22 83,00 - - v 91.65 . 50.00
23 53,10 -  B1.70 | 49,90
R4 _ 53.33 . 51,80 49.80
25 53,35 53.30 . 51,90 _ 51.84 __ 49,65 _ 49,98
26 53,45 52.00 TTT49,55
27 53,58 . B2.00 - - .49.45
28 53,65 - - .  B2.10 49.40
29 B3R - 52,10 49,30 |
30 53,82 53.62 92.20 . 52,10 49,27 49.00
31. 53.,90 - - ' 52.20 B 49.20
32 54,00 . 52,25 . : 49,20
33 54,10 . ~ 82.30 49.15
34 B4,17 . L B2.30 - 49,10
35 __54.22 54,02 D230 52,30 49,10 48,75
36 54,30 T 52.30 49,00
37 54,38 - - 52.3D 49.00
38 ..54,40 ‘ 52,35 48,95
39 . 54,45 52.40 ' 48,90
40 __54.50 54,53 52,40 52.46 48,90 48,60
41 54,55 a 52,40 48.85 '
42 54,60 52,40 48,80
43 54,60 52.40 48,80
44 54,65 ~ 52,40 . 48,80 -
_45__54.70 54,60 52,40 . 52,60 48,75 48,58
46 54,70 » ' 52.40 48.70
47 54.80 . 52,40 48,70
48 54,80 ' 52.40 48,70
49 54,80 52.40 48,70

50__54.85 54.75 52,40 D2.65 48.70 48,920
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Invert Sugar Table for Calcium Sulphate Cells
e T _ (continued).

Seriss I & Il,

e ¥ 1 - Il ' I
. Titra-~ 10 gms. Sucrose = 25 gms. Sucrose 0.3 gms.Sucrose
tion gms. Invert Sugar gms. Invert Sugar , ‘
CCHw. .
15 48,75 48,20 45,80 44,95 51.55
16 .. 48,60 . . 45,60 51.73
17 - 48,40 45,45 | - 51,87
18 48,25 L 45,30 ) 52.03
19 48,15 - . . 45,15 . 52417
20 48,00 47,70 . _ 45,00 44,20 52431
2L . 47,90 < 44,85 . | ] 52.43
28 47,715 - s 44,70 . 02.55
23 47,65 ¢ : 44,55 L b2.63
24 . 47.55 o Ad40 52,75
20 _ 47,45 _AT.AR - . 44,25 45,58 H2.87
26 47,35 . - o 44,10 52,97
27 47,25 . 44,00 o 93.05.
28 47.20 - 435.85 A 53,13
29 . 47,10 - ' L A3,70 o 93,18
30 47,00 .- 47,00 43.58 . 45.18 H3.28
31 46,90 . . . 43,45  53.33
32 46,80 L 430350 - 53,42
33 46,70 T 43,25 - : ' 53,50 B
34 - 46.65 . 43,18, SRR 53,55
BB 46,b5 . 46,73 . 43,02 | _42.90 53,58
36 46,50 . . - . 42,95 53,65
37 46,551 - 42,85 53.68
38 46,40 S 42,80 53,72
39 46,35 42,70 53,27 _
40: 46,30 46,47 42,60 42,62 53.82 .
41 - 46,30 42,55 53,83
42 - 46,25 o 42,50 - 53.87
43 46,25 42,40 - 53,87
44 46,20 ‘ 42,35 : 53,90
485 46,15 46,27 42,25 42,38 “ 53.93
46 46,10 42,20 53,93
47 46,10 42,10 54.00
48 46,10 ' 41,90 - 54,00
49 46,10 42,00 54.00

50 46.10 46,20 42,00 42.20 54.03
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T S e s T e s Py

Silica Cells.

10_ccs. Fehling's Solution.

Ti-

0 gms.

1 gm. 5 gus. 10 gms. 25 gms. 0.3 gms.
tia- Sucrose Sucrose Sucrose 3JSucrose Sucrose Sucrose.,
tion ’ ' : V
ces., _ , . :

| o Mems. Invert Sugar - :
15 51,80 90,50 49,10 47.10 45,00 51.37
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 49,056 46,75 44,30 51.70
19 52,25 50,90 49,05 46,65 44,00 51.80
20 52,40 50.95 49,00 . 46,55 43.80 51,92
21 . B2.,50 - 51,00 49,00. 46,45 435,60 52.00
22  b2.60 21.05 49.00 46,35 43,40 52.08
25 Hb2.65 91,10 49,00 46,30 43,25 52.13
24 52,75 _: 51,20 48,95 46,20 43,15 B2.25
25 02.80. 51,25 48,95 . . 46,20 .43.10 b2.28
26 52.85 51.30 48,90 46,15 43,00 DR2.33
27 52.90. 51,35  48.90 46,15 42.90 bz,.38
28 53.00 5l.40 - 48,90 46,10 - 42.80 b2.4%7
29 53,08 51,40 . 48,85 46,10 42.70 52.53
a0 53,10 . BH1l.,45 48,85 46,10 42,60 52.55
31 53.20 51,50  48.80 46,05 42.55 D2.63
32 53,25 . 51.50 = 48,80 46,00 42,45 62.67
33 53,30 .. 51.50 48,80 46,00 42.40 b, 70
34 53,35 51,55 48,75 46.00 . 42.30 D2.78
35 53,40 51,60 48,75 46,00 . . 42.20 52.80
36 ' B3.50 B1.60 48,70. 45,95 42.00 52.87
37 - 53,588 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 5l.7%5 48,65 45,90 41,75 53.02
40 53.70 51.80 48,65 45,85 41.695 53.07
41 3,70 51.80 48,60 45,80 41,55 53.07
42 53,795 51.85 48,60 45,80 41 .50 53,12
43 53,85 51,85b 48,60 45,80 41.40 53.18
_44 53.90 51,90 48.55 45,75 41.30 D3.23
45 55,95 51.90 48,55 45.70 41,20 53.27
46 54,00 51.90 48,50 45.70 &1.150 53,30
a7 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 B4,15 52.00 48, B0 45.60 40,95 H53.43
50 54,20 52,00 48.45 45,55 40,90 53.47
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i — s st ik B $

: :bz Lane & _Hynon's methods 20 CCS. Dilution Water added.

-_Ti-" L _mgms . Inve;trﬁuga;
tra- :' T - f
tion  No. 1 gm, 5 gms., 10 gms. 25 gms. 0.3 .gms. -

‘ccs.;\Sucrose _Sucrose Sucrese__Sucrose _Sucrose Sucroge:

15 © 52,20  50.30 _ A9.40 47,65 44.90 51,57

16 - 52.30 50,40 49.40  47.60 44,80" 51,67
17 62.40. 50.50 " . 49,40 = 47.50 44,75 51,77

.18 . 52,50 50,60 49,40 - 47,45 | 44,65 51.87
19 53,60 50,70 - 49,40 . 47,40 44,85 51.97

790 52.70 50,80 49.35  47.30 . 44,50 . 52.07

21 52,80 50,90  49.:35.. 47.25 44,40 52.17
22 52,90, BL.00 . 49,35 47,20 44.30 52,27
23 53,00 51.10 ~ 49,35 . 47.10 = 44.25 52.37.
24 - 53,05 51,20 - - 49.35 47.05 44,20 52.43
55  B3,15  51.30 _ ~-49.35-  _47.00 44,20 52.53
26 53,25 51.35 .- 49,35 - 46,90 . 44,15 B2.62 -
27 53,35 . 51,40 - 49,35 . 46.85 - 44.15 52,70
28 - 53,40 = -5l.45. @ 49,35 46,80 - 44,10 52.75
29  B3,50 - 51,50 49,35 46,75 44,05 52.87
30 B3,60 - 51,60 _.49.30 . 46,65 44,00 52.93
31 53,65 Dl.65 . 49,30 46,60~ 43.95 52,98

32 53,700 - Bl.,7H 49,30 46,55 43,95 53.058

33  53.80 51.80 = 49.30.  46.50 - 43.90 53,13
34 53,85 51,90 49.30  _ 46,45~ _43.85 53.20
35 B3,95 52.00 49,30 - 46,40 43,80 53,30

36 54,00 BR,05 ~ 49:30 46,40 43,75 . B3.,35 -
37  B4,00 52.10 - 49.30 46,35 43,75 53,37

38 54.05  B2.20 49,30 = 46,35 43,70 53,43

39 754410 52.25 49,30 46,30 43.65 53,48

40 bHb4,10 52,30 49,30 46,25 43,65 53.50
41 54,15 52,30 -  49.25 46420 43,65 53,53

42 54,20 52,35 49,25 46,20  43.60 = 53,58 :
43 54,20 52,35 49,25 46,15 43,60 53,58
44 54,25 52.40 49.25 46,15 43,60 53.63
45  B4,25 - B2,40 49,285 46,15 43,60 53,63
A6 54,30 - b2.45 . 49,25 46,10 43.55 55.68
47  B4.30 52.45 49,25 46,10 . 43,55 53.68
A8 ~ 54,35 - BR2.50 49,25 46,10 . 43.55 53,73
49 54,35 5250 49,25 46,05 43.55 5§.7u
50 _DB4.,40 52,585 49,25 46,05 43,50 5“’78
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Invert-gugar Table for 10 ccs. Fehling's Solution

by _Lane & Eynon's method: 40 ccs, dilution water.

Tiem ~ mems. Invert Sugar
tra~ . . : -
tion . No 1 gn. 5 gms., 10 gms. 25 gns. 0,3 gms. -

ces._ Sucrose Sucrose Sucrose Sucrose Sucrose Sucrose. .

15. 53,45  51.35 _ 50.65___ A8.50 _ 45.70  B52.75

167 53,50  bl.4db =~ 50.65  48.45 45,65 52,82
17 - 53.60 “5L,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

20. " 53,90 BLl.B0 _ 50.65__ 48,35 _ 45.40 _ 53,20

21 . 54,00 51.90 50.65 48,50 = 45.35 55,30 .
22 - 54,10 52,00 50,65 48.25 - 45.30 53,40
23 54,15 52,10  .50.65 48,35 45,25 53,47

24 54,20 _ 52,20 .50.65 _ 48.20 _ 45,20  53.53 _
o5 BA,30. . 52,30 50,65 _ 48,15 45,15 _ 53,63 -

26 54,40 52,35 50,65  48.10 45,10 55,72
27 ‘54,50 52,45 50,65 48,05 45.05 53.82
28 © B4,55 52,50 - 50,65 = 48,00 45.00 53,87
29 54,60 B2.60 . -50.65__ 48,00  45.00_ _ 53.953

30-:‘54065? 52065 50&65 ‘ 47o95 t?44.95 5 53.98

31 B4,70. B2.70  50.65  47.90 . 44,90 54,03
32 . 54,80 52.75 ' B50.65 47.85  44.85 54,12
33 54,85 52,80 50.65. - 47,80 -44.80  54.17
34 - 54,90 52,90  50.6B 47.75__ 44,75 54,22

35 54,95 52.90 _ B0.65 47,70 44.70 04.27

36 55.00  53.00 50.65 47,70 44,65  54.33
3% . 55.056 53.00 50.656 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 47,60 __44.60 __54.50

40 55,25  53.15 50,70 47.60 44,60 54,50

g v

41 56,30  53.20  B50.70 47,55 44,556 = 55.60
42 55,35 53.25 50,70 47,55 44,55 55,65
4%  B5.40 53,30 50,70 47.50 44,50 55,70
44 55,45 53,35 50,70 __4A7.45 44,50 _ 55,75

45 »§§&50 55.%0\ 50;79 %7.45 4%.45 55.80

46  55,B5 53,40 50,70 47,40 - 44,45 54,83
47 55,60 53440 50,70 47.40  44.40 54,88
48 55,60 563,50 50,70 47,40 44,40 54.90
49 55.65 _ 53.5% 50,70 47.40. 44,40 54,95

50 . 55,70 53,60 50,70 47.40 44,40 £5,00
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' Table Showing Milligrams Invert-gSugar-per 100 ccg..

;fbriElecixometxic Method using Calcium ﬁulghéte

e PP o e o ity P v g S 5 v s g i it vt s e e Al 0 o S v MY P e i ey 4 A T o o B

aﬁdeilicaROélls;.

’Ca;cidm Sulphate Cells.

Pitra~ No 1 gm., 5 gms, 10 gms. 25 gus.
~_Sucrose BSucrose Sucrose Sucrose . Sucrose.

1L PEna - .
 l1§i“;§ 345,5 . 340 334 325 305
20 Czea . nTess o 2s2 240 225
25 213 - 208 199 - 190 - 177
80 180 174 - 1le4 157 145
55 155 - 149 140 135 123
| 405f,71156_fw y ‘i31”‘5 fléé iiﬁ”;ﬂ 107 -
a5 13gﬁuy“” :ii6, 108 105 o4

. Silica Cells. -
15 osas o sz say 815 300
20 . 262 255 245 235 219
gsfi" 211 . 205 . 196 185 172
»*501;¥T2177 LT 163 154 142
35 152.5 147 139 “131 121
40 134 120.5 122 115 104
45 120 116 108 102 92

50____ 108 10497 91 82




for Lane & Evnon Mbthod w1th 30 ces. & 40 CQu.

dllutlon water.'

Lane & Evnon Method. 20 ccs.uWater'addedff

tion - “No 'fﬁ 1 gmy ‘f 5 gms. - 10 gms., 25 gms,,Lv-

ec¢s. ___Sucrose. . Sucrose __Sucrose . Sucrose _ SuUCrose

 15 :ﬁ3’;34é %”Lféséﬂtﬂ,%fqég .. 318 '299,1
20 - 263.5 254 247 fi'?$523é;5 o 222.5
25 215 fff;ébS’ijfﬁfjgvfi ies 1
50 e 12l 164 . 1555 147
55 154, 149 . 141 . 1825 125
50 135 131 ‘bffflé3  .16 109
1z me _1,,0.9,-?“ o105 97

‘Lane & anon Method" 40 ccs) W@terfadded,
15 ; §1356_ o 342 338 s23 »Sosc
RO - - L269557*7 259 253 242 227
25 217 209 . 203 193 : 181
50 182 ©  175.5 169 160 150
35 157 151 145 136 128"
0 138 143 127 119 - 111.5
45 123 11 115 106 99

50 112 107 ____ 101 95 89
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L SECTIOV (B)i= TLuTS ON MDLASS&B BY VARIOUS METMODS Oh e

E&TF?MlNING REDUCING SUGARS

The maln work 1n thls sectlon was done by taklnp
threeydllut}pqs of each of fﬂve,samples of.dlfferent l
.mGIQSSés and-estimating theirAréducing Bﬁgar confeﬁt 
lby,ﬁhe follqﬁﬁng fi€e7methods:~

(i)_bane and EynOn method: . no water added

e’ N

C(2) mow no 20 ccs. water added

(5) rlv " . 1 7‘ f - g 40 6(‘.%. "o L
(4) Electrometriq L CaSO4 Cellg*%g'énd:i
s o e . J.CCB..
- (5), " ,,,,,g"' ;f‘;Slllca A)f_{ﬂ '

An average of three tltrations was taken as the flnal

floure in each case, and th@ resulte were calculated

-'from the appropriate tables~ the method of calculatlonfk,‘,; é

.  15 shown 1n detall

The mmlaoses solﬁtldns Were>defecated Wlth normal
neutral lead acetate qolutlon and pota581um oxalate.

In the flnal tabulatlon of results the check
figures shown in columns (6) (7) (8)»and (9) are ‘due
to N. Venkatayya B.A.,A.R.T.C., to whom acknowledgmpnt-
is made.

The obJect of taklng dlfferent dllutlons was to
observe the effect of concentratlon' each dllution
' meant a different titration result - that is, &
‘dlfferent volume of b0111ng liquid, Whlch it was

thought Would mean a change in the reduc1ng sugar
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pércentage found, since. the- condltlons of precipltatlon
of copper. oxide- would vary Wlth each dllutlon. Several.l«-
other experlments on molasses are recorded in sectlon (6).5
A table is shown whlch recommendu amounts of : : |
molasses to be taken in Qrder to brlng thertlﬁratlon_

range‘ﬁetween 30 and 35 ces.
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Tests on Molasses using varvine concentrations.

Al defecated by Normal lead acetate & potassium oxalate.

20 ccs. 40 ccs.
No water water water.
Molasses. % Titn, % Titn., % Titn., 9%
solu, CCS., R.S. =ccs. . R.5. ccs. R.S.
of : '
Molasses.
- Java --0.04B0 0 43,90 23,67 - - - -
- % Sucrose . - S
o= - 0460 36,60 23,52 - - - - -
C33,3 ST
Ash=10.86% 0.65 . 34,40 23,04 .= - - -
Hawaii ~ -0.,76 - -40,55 17,02 41,70 16,56 42,68 16,20
- % Sucrose . - o - Bl.30 51,34
B ©+ 1,00 30,22 16.95 30.98 16,56 31.60 16,25
f030.0 e o7 b0.62 50.64
"ash=9,78% ~ 1.,50. 19,73 17,09 20,55 16.43 _21.05 16.04
Cuba . - 0,75+ 44,40-15,60 44,75 15.47 45,95 15.08
% Sucrose - - 7 C o oo Bl.30 81.30
.= 1.00 33,20-15,45 33.85 15.16 33.75 15.20
© 51,59 Voo e 50.71 -~ b0.72
Ash=8,99%: - 1.50 . 21.42 15.76 22,29 15,17 22,96 _14.72
" Antigua - 0,50 ° 40,85 25,60 42.03 285,31 42.59 24.41
% Bucrose ' ' bl.=l Sl.26
= _ 0.75 26,80 25,46 28,02 24,36 28,65 23.885
28,65 % Ash . , 50,76 50,78
‘= 10,12% - 1,00 19.80 25,61 20.80 24,40 21.20  23.95
o - | 51.79 51.89
Tigyptian 0,75 42,20 16,37 42,01 16,44 43.90 .15,76
% Sucrose | 51,28 51.28
= 1,00 . 30,30 16,90 31,10 16,49 31.75 16.15
32.01 % Ash C : . 50.62 . 50.64
= 13.41 1.50 20,65 16,33 21,10 16,00 21,60 15,63
Milligrams invert sugar found.

€
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Tests on - Molasscs uqlng V&TVlHF oonoentratlons.

Vi A&l defecated by Normal ledd dcetate & potassium oxalate.

casoy Caso, Silice| Silica
120ces., - 4Qccs. 20cecs.) 40 cos.
water wabter water water.

 |Molasses., | %7 | Titn.| Titn. % [ Titn. | Titn{ %
" B isoln. | ces.. | cose  R.S. | ces. ccs.| R

of N B S SRR *

Mola&%651

A Feva ¢ Jom L ]45.90,R23.67 |~ |47.80(22.48°
,7 Sucrose I B T R | B I
h : e T0138,55 23,44 | - . [37.75]23.48

33.5 T PR B T L | SR i

Ash=10,86% |, . 0465 |35,90 |36:20.-22.90 [,35.40 |37.,20|81,98 |- = %

% SuérqseA.v‘: | } g Pl
ﬂSh?9~75%i,~;Jﬂ1,po”m 20. 75° |20, 25 Lv.;a - 20% 10'19.90h17,334"r

”fﬁ%l 10 ;oO 65 17 40:;30 09>29;83 17.63

‘Cuba, ‘ 0;75»;,45;66f 45;55&;5,85 ¢g4,73f44;68~15;95-
% Sucrose F N S Tt S -
c -~ 1.00. [33,95133.,95 15.79 [ 34.95 |32.98 (154,99
81,89 o b b B
Ash=8,99% | - 1,50 122,35 |22,44 15,57 |.21.85 21,61 |1B.27 | .

- Antigua 0.50 (40,95 [41,10 26,40 41,10 |40,7B 26,22 |~
% ‘Bucrose o s / N } :
oA ] 0B 27,65 | 27,70 25,65 28,00 |27.68 (25,34 |
1£8.65% Ash S S oo )
= 10,12% .. 1.00  |20.80.(/20.80.25,23 | 20,18 |20.19 25,75

Egyptian- 0,75 A3.39 [ 43,45 16,60 43,10 |41.85(16.97 |. =~ “..
% Sucrose : ] IS | R ) T
o= SR KN OO-vt52.16;,32,20116;60 31.70 |31,29]16.84 | - .
132.01% Ash -| [ S P R |
l= 13,410 - | 1 50 |20,88 | 20,95 16.65| 22.05 [20.40116.90-| -
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Eotlmdtion of Reduc1ng Sugars ‘in. Molasqps

bv Variouo Methods.

(ijf%

f:(

)

A

(3)

(4)

)

Rlecw-

e2)

'”»f{;,sp

1.00

16,95

17,09

17,10
16,84

17.11
16,81

17040
17.18

Molasses. |% Sucrose|% Ash|% solujlLane &|Lane & |[Lane & Blec-
| | . jof Dynon Eynon [Hynon | tro tro -
Molass|ng |R0 .ccs 40 cespmetriclmetric
es. |water |water |water Cas0, silica
added. jadded. | ~
(1) Jave 33.30 [10.86|0.50 |23.67 - |23.67 | 22.48
: 0.60 23,52 23,44 | 23,48
0,65 |23.04 | - 22,90 | 21,98
Hewaii| 30.00 9.75/0.76 |17.02 | 17.19 | 17.14|16.88 | 17.50

17.63
17.33

(3)

c@bat}

31.59

&)99

99[0.75"
"] 1.00
150

la GOC“
415,458
LBa76

72
15,56

| 16,03
|15,

15,97
16,07
15,48

15.85
15.79
15,57

15,95

16,99 -

(4)

Antigua

28,65

‘110412

0.50
lous
1,00

fggﬁ;ﬁ@

25,46

25,61

26,66
25,22
25,19

25,89
25.20
285.20

26,40
25,65
25,23

26,22
29, 34
25,75

(5)

Egyptﬂ

32,01

13;41

. 5of

0:75"
1.00

l6a37:a
116,90
l@‘%suk

17.06
’16.92
16,40

16,69
17.04

16,37

16,60
16,60
16,65

16,97
16.84
16.90
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- Hgtimation of Reducing Sugars in Molagsses

vby Various Methods

(continued).,

(8) (7). (8) ,_ (9)
Molasses '.ALane & Munson & .KmnO4 Method |Low's Thiosuler
: HWynon = | Walker * Check., |phate method
no water|{method - Check.
-Check, Check,
(1) Java By Cus0
' 23,40 23,17 |- 23,70 22.80
- By CuO, -
22,91 -
(2) Hawaii |~ |8y Cus0 | S
17.28 .| 18752 417,82 17.25
S | By Cuo < | _
(3) cuba |-, - "By cuéé : |
o 15.60 .- 16V3L, 15,79 15,74
- - 18,79 -
(4) Antigua S By;CuEQQ_"f‘”‘;Z
: - 25.26 . |~ 25,81 . 24,96 24,39
By Cu0 ;
- 24.72 - bl
(5) Begypt , By Cug0
16.50 17.065 16.72 16.53
By CuO
- 16.51 -
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-

jTablé showing method of Qalqﬁlation'of per pent

reducing sugars in molasses,

 This showsfresults,for silica cells by the

électrbmetric method: "the milligrams of invert sugar

wjf:afe ﬁaken-frqm;the'appropriate table.

Molasses

| %

-solu,

s C orl—

.| cen-}
| tra-
'tionim

T

hrasl-
“tion
from  faess i
I'tabled -+ o

ces.

Menms .
inverd
sugar

%
red,
sugars

S U~
crose

n
cone’.
gms, per

1100 ces.

Interpolation;.
from tabhle. '

"
b
b

1" Java.

:30{56
| o.60

# -:":\ v‘ 0' 65 |

47.80| 55,7

54;75,

37.20] ¢

23.48

iZB.&é

‘ ‘2ia98

0.17

< |0.20

0.22

54,05

54,10

53,85
53,60

53,55

51,95
51,95
51.65 .

51,70
51-65

2.10
2.15
1.90
1.90
1.90

1,90

| Hawaii -

0.75

¢‘1§QO
|ais0

10,58

29.85]
LQQQQM

17,63

17,33

0.23
0.30
0.45

53460

5370
53,70

53.08.

55410
52.28

152,40

51.70
51.80

51.80
51,40

- 51.45
50,90
50}95;

1,90

1.90 .

1,65

1.35

ff%;buba'=

0,75

1,50

44.68

32,98

21 161 '

115,95

15,99

15,27

chdz
0,32
047

53,90
153,95

53.25
53. 30
52.50

81,90
51.90

51,50
51,50

21.00

2,00

1,95

1.75
1.80
1,50

155

Antig@a

0.50
0.75

1,00

40,75

27.68

20.19|

126,22

25,34

25475

0.14-

0,21

0.29

B4 60

53,70

53,70
52.90

183,00
52,40
52,50

51,05

51.80
51,80

51,40
50,95
51,00

1;90

11.90 .
1.55

1460
1.45
1.50

Bgyp=.
tian

0,75

1.00

41.85(
31,291

11.50

20,40

16.97

(16,84

16,90

0.24

: OuSZ

0.48 .

53,70
53,75

53.20

53.25
52.40 -

51.80.
51,85
- 51,50
5‘1 .50 ;
50,95 .

1,90

1.90
1.70

1.45
1.80

152.580;

51,00
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Table showing concehtrntion of molasses soluiions)_
to orlng tltratlon value 1n range from 30 to 35 ces.

u51ng Lane and Lynon 8 l 04 per cent molasses molutlon.ilgw”m 

LT Prellmlnafy |- Hlake this ‘ o
f,Dltratlon As = per .cent - -+~ Dilution.
EA "ces., | solution. ‘

15 0.52 . | 50 ces. to 100 ces.
20 0,624 60 " to 100 "

260 [ 207807 Tl 7B Woto 100 Mo i

ome T L 1s9t e | eigh 6,95 omq'to'ﬁoocés,;7
TR s R “Dryndeleadlng | o

" »45§ﬁn;,5f§ f‘?;Lf56J"“, i«W81°h 7.80 gm% to 500"

‘Vﬁ’igdﬁq g'fiﬂ”f. 1.23;ifaﬂi: Welgh 8.65 gms.tp 5OQ“P:;W}

Thls table JS d831gned to mlnlmlse the effect of
dllution by arranglng to have the titratlon leue at

‘ :ySO to=35Accs.



(a)

-sugar estimations,

S w156m

SECTION (6)

In this section the foilowing work is recordeds-

Various experiments with molasses.

‘Result of variation of boiling time in reducing-

TEffect;Bfffﬁe;shépé:and size of flasks used in

reducing-sugar detérminations.
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.‘(a) EXPLRIMfNT (1).- Effect of concentfafion with_the = . -

v;norementa; method.

'Iﬁcrement ém amount of SOlUbiOH added in - the cold lb,

~’1A;incréased aJAntlgua molasses* Lsne & Bvﬂon method.

Titration = ces, = Titration'

~Nos . added- . . CeCSs.
before L
| boiling,
(1) - 35.0 . 37.85
(2)  37.0. . 38.25
- (3) - 38,0 - ‘5ij 38~86 nmeanﬂﬁaken as
"(4).'~-g, 38 b L x?ﬁ58 95 138,88 ccs.

\qeems to be more pronounced Where the

. This. 1ncremen”f

"; tltratlon flgure ig hlgh el g.-round about 40 ccs.'

Thls result ralses the questlonm; How much of the supposed
really due to the eoncentrataon and v150031ty of the
:ugar solutlon belng teutedQ R |

Thewresults obtained herewwould éugpestvthat one
1ncremental tltratlon may not be enough 1n Lane and Eynon s
method If the tltratlon value in No., 2 tltr&taon had
been aoceoted, there would obv1ously have been a relatlvely
- large error in the result as compared w1th the mean of

tltratlon@ Nos. (3) and (4)




(a) EXP“RIMENT (2).-: Efféct.qfxsmall’titrétidn figures,

o Antigua, Molasses.-

% Suérgsé:¥28f65f. . ‘ﬁ;‘ A egggiqg‘ Sugars

kw% Ash =10.12 *lﬂ(a) uslng 1% solu (b) using O, 5/ so]u;;w

" [Methoa | petailsfav. |z - Av,” % ‘
| 1. Titration|Reducing Titration|Reducing -
] ccs. . fBugars. 1cCS. sugars. -

Pt e el
. |Lane & Eynonijo.w;-ffffkg“ : N R ‘. L
;rﬁordlnary f?a¥Water iy'lBQéB;»g~26.4Q -] 38,88 25,10’

;f,f. ‘ép‘dcﬁ. ‘ U : - | N
.. |water- ). 19,987 | 25.66 | 40,05 2b.62

Tf;EleCti0;3 ;§ R (T C R Y
ylmetrlc.éqgf” “Alundumf - 19,20 |©26.04 | 40.20 | 25,18

| silica | 19745 | 25.96° | 39.06 | 25.86

| caso, | ie: 45 | 26,04 | 39,33 25,42

~fAv of. all:’éa.ogj;,: - | 25,44 .

Results by other methods of Lstlmatlon--

-4§1; Munson & Walker 5. method by CuEO) = 25,51
(2) T L by. Cu20 ‘ i
S . B .corrected) = 24,69
. (5) e oo " by Cuo = 24,72
; = 24: 26

nwf{4;_“By KMhG4Amethod - ,
- By Low‘ Thlosulphate method ' = 24,39

Mean of methods 2 to:5l = 24,69

The results Wlth a 1 per cent solutlon glving titrations
below 20 ccss are apparently too high. This points to.
the nece351ty for taking a concentration Wh1ch will glve
,tltratlon flgures of 30. to 55 ccs. :
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(a) EXPERIMENT (3).~“ INTRODUCTION

The effPCt of Galcmum Salts on Redu01ng Supar Determlnatlons. :

Eynon and Lane (loc. clt ) have shown that the
,nfesence of calcium salts CaquS 1ow results in redu01ng
 gsugar estimatlons. : They recommend that potassium
jfoxalate be used as a decalcifyzn@ and delead1ng~agent
Meade and Harrls (J I. m C., 8y Do 507) obtalned¢h1gner

Gresults when uslng pota391um oxalate, as did Norrls
& -Brodie (Hawalian Planter 8. Record, Vol 17, p.Sll)
QEThese differences were attrlbuted by them to a reduclnggfl*«vgg
“actlon of potass1um oxalate on ?ehllng 8 solutlon.
S Cook and MbAllep (Ibld Vo} 52, Pe 142) showed that
the. presenoe of pota351um oxalate or disodium phosphate
wﬁ;does not dffect the reduc1ng power of pure solutlons.
jiThey also demonstrated thaﬁ in the presence of neutral
1flead acetate elther a deflolency or an excess .of
"potaS%lum oxalate 1eaves lead and lime in’ solution and
. caus ses low results- 1n~the absence of lead.an excess
 yof pota351um oxalate does not affect the results, |

"EXBﬁR1MENTAL Some: experlments made by the author on

molasses usang oxalate alone and lead acetate followed

by pxalate defecation are reppgted on the follow1ng pages.:




'(a) EXP“RIMFNT (3)-~ Effect of method of aefecdtzon"'

i N W s S0 35 i Y R W Wt e s By U s S i 509 S A S SO =T S S e

(Java Molasses--ﬂ

. I Lead acetate and oxalate treatment
5. gms. waahed in%o 500 ccs. fla&k, 9. 5 ces. of neutral

lead acetate added, made te volume &nd flltered u51ng
'Kleselguhr, Then added solid potassaum»oxalate and »

gggiltered with'Kieselguhr. Filtratiqnlwas véry rapidg

II Oxalate onlv.

5 gms. in 500 ccq. Solid potasalum oxalate added and

filtered using. Kleaelpuhr.

Test Mhthod 'ﬂ . e6s..

“No. - ¢+ water | % Reducing Sugars.

_-_added.

T S ey

ngh U IT.

(1) Tane snd Byron .0 - - 23.70 24.04
() v v wo TR0l 23,85 24415
(3), v owm l ‘ ”;5[4dz}n5 23,60 25,96

(4) Eléﬁ%réﬁéﬁfic 311103 "¢_4<g_f MR '
' R cell 40ﬂv{} E 23:50 23.90
- LT , *:lwcell 44Onfﬁf'1“ 233?9 23490

(6)  wrl E'alundum) A S
‘ cgell ). .4o>g~3 23, 25 23.18

Hawaiian Methods of treatment I and II exactly 28
, M@lasses. for above Java sample.

Lane and Bynon 0. . 16,95 17.23
e ( 20 17,10 17.45

oo T 40 _ 17,11 17.18 .

Electrometrlc 31110a§ o o ‘

-

o cell 40 - - 17,23 17,55
H L - CaS04 o

, cell
" Alundum

cell

40 17.40 17.85

— —— P e T
o)) o CE e A

Tt N e

40  17.51 18.28




Cl6le

Resulté forrJava and_Hawaiian Molasses by other methods..

Method Jave  Hawaiian

(1) 'Lene and Bynon Without any .

treatment o “ 22;%5A 16,88
(2) )Blectrometrlc* silica nol , : t.i‘ e
& . treatment . ~ 22.60 . 16.96 - -
(3) Munson and walker o e 23,17  18.65
‘(i}f Permanganate 3 o 23.70 M:17.82>
(%fi Low s Thlosulphate method : '22;86 e i7;25“'“
 SUMMARY.

Wt e it e i

'ff The effect of calclum salts 1h‘cau51ﬁg low resulté'
,reportod for the Lane and Eynon method, has been |
4confirmed for the Lwne and Eynon and Electrometrlc
‘4methods. Wlth neutral 1ead acetate defecatlon followed
-by decalclflcatlon, the results on the whole Were very
*sllghtly 1ower than when oxalate alone was- u&ed Thls
p01nts to the preczpltatlon of redu01ng nonnsugafs by
the lead aeetate. . The hlghest réesults Were those for
oxalate treatment alone, Where the reduclng nonmsugars_
»r@malned, but the depr6531ng effect of calcium salts

- was rémoved.
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. (b) _Tests on Boiling Times.

A set of ordinary flat bottomed flasks and a set
- of pyrex flasks were procured and each flask was
weighed.,

Ordiﬁéry set 250 ccs.capacity. Pyrex set 250 ccs.

pe———— P . Sy

‘1.z;§§g_gg. Gms. . ' Flask No, Gms, -
1 49,35 C1p © 82.25
. vass5 0 2P 92,00
- %8,45i??5r.wr‘§T” :§3? ' . 82.50 -

T X B AV

4885 4P 186,35
4"i§éf955 . sp . 96.35
56 45 . S Tep . 87.15
49, 9ol'i3 ?5-f- 7P 91.95
45, 65;51" | .

YN IS ST SN S T

;59 05
10 ‘fﬁ;*{;gs;ao

'Flask Dimengions,

Dlameter at neck 2.1 cms. 3.5 cms.

Length of neck - . . . 8;5 cms., 4 5.5 cms.,
Diameter of bottom 4,0 cms. | 4.0 cms,A
Total height'3~:‘_ . 16.8 cms, 7‘13.o)cms:”

Max.biametgf of-bulb . 7.8 cms. 8.4 cms,

From. aboveAWeights it is-seen‘ﬁhat the glass of these
flasks must have varied greatly in thickness from flask

to flask.



(b) Tests on BoiJingVTﬁmeé;

250 ccu. Flasks of ordlnary and Pyrex oerles tested.

"‘Test Solutlon.-<”

S oMs)oze
(6) 6

© =8 gms. Sucrose-floo ces, standard invert solufion}
) made:to 500 CCS. | 100 ocs. standard invert solution
contalns l gm. of 1nvert sugar.“ 2
Thus concentratlon of Test Solutlon wast=~ " .

(25 gms, Sucrose “i Per

o lOO
(O 2 gm. Invert Sugar cesl,

‘Test Plask Flame Fehllng s cesy ©  Time . . Ti- ccs.flf*

No., No. 1nches solutlon ~solut10n to 7 tra- watep
L ccs. ‘ﬁeadded : “boil .o tion added

LR g Mlns secs CCB. 5 .

(1) I“‘**v«fﬁﬁ?i;?flo 5;;{!26 0/ 3 25 quteﬁﬁv*~

(2) 3P, iﬁi:i;é;; j;ﬁod O}wf 55 - out

(3)>?A5

| ~1o'"‘a;f15 o 10" 20.65°

(a) 4 ~sio;??;ﬁhaofo;;? 85 al.do

Rl mj;mgﬂm'

100 320 0 05 20,92

(7) 1 10 20.0 ~B5 - 21,05 <

(8) 1P 10200 B0 21.00

(9) 9 10 - 20.0° 00 - 20.90
(10) 10_

(11). 17P

15 21.10

10 2010 |
35 21.40

100 20.0

N - S SR R ) w@1®f

© O > s jo o O

(12) 8 10 - 20.0 15 21.50;

[ S I S >



;164§A5

(b)gTesfs on Boiling Times (ééhtd@l"~

Test Plask Flame Fehling's ccs. Time  Ti- ¢cs. -
No,  No, . -inches solution  solution to . tra- water.

ccs. added boil ‘tion'agded, 'M;;

Mins.secs.,CCS.,:

(is}

- 10 20,0 2 15  22.32 20
CGa e

O N

10 21,5 . 2 .25 22.30 20 _

(1) 10 . 22.0 . 3 05 22.50 40

0

C(1e) oz 0. . 22.90. 40

10 22,0

10 ___22.0. 00 _22.85_ 40

an s

C(18) o ape ‘10 22,0 15 22,00 20

> 0 0o oo -]

R o) I 10 . ..20.0 10 /22.20 20

EEETC-10) PR NS 10 22.0 7 15 '22.60 40
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Results of Tests on boiling times and on Flask shape and size,

In these tests the time of boiling was varied in

two ways . o o ,
(1) by adjusting the size of flame.

(2) vy adding water before heating. |

~ This-made a‘?éhge of "times\to boilv from 1 minute 15 seconds

to 7'minutes-15 seéonds. The variations in volume used

- for titration was from 20,65 ces, to 21.5 ccg. without _'
}.added water rising to 22.90 ccs. with 40 ccs.. added‘ﬁafer.

; The dlfferences obtained show that the tlme of

‘.b01ling is certalnly very important and so also is the

»;total volume in the flask, gince thls ig the most

'.1mportant factor 1n the time taken to boil.,

‘ fRecommendatlon.n
| It 1s recommended therefore that flasks of uniform
féize, shape-and~thlckness of glass should be selected for
. “the volumetrlc estlmatlon of reducing sugars, and that
fthe amount of 11qu1d in the flask should be - adJusted to
give approx1mately the same volume for each tltratlon. |
In order_td get a good_endapoinﬁ with the methylene
blue procedure it is further recommended that a volume -
of either 26 gr‘4d‘ocs. distilled water be selected for
addition before heating, and that the titration should be
arranged'éo:thaﬁ 30 to 35 ccs. of test solution are used.
The flasks preferred by the author are round flat-
“bottomed Pyrex flasks of 250 cecs., nomlnal capa01ty and of

| weight 85 to 95 gms.



. ~166-

(C) - Bffect of. Varv1np Shane and Size of Boiling

Tlasks used for Lane & Eynon s Methodo

Test oolutlon‘~ f A Concentratlon per 100 ccs.

- Kb gms., Bucrose

79 Flame throughout, =~ 0.2 gm. Invert Sugar.

10 ces, Pehllng S Bolutlon used in each case & G Tltratlons
performed.,

20 c¢cs, of Test solution was added to each flask before

heating.
Test -Partic- Nom Ac Dia- - Length Dia~- - Grea~ AvV. ...
No. ~ ulars inal. tual meter of meter Height test  Titra-
of . . capa-capa of ‘neck  bottonm dia-  tion
" flask - city city Neck oms. cms . meter ccs.
" .ces. to  ems, cms .
" .. .neck - NS
CCS.

(1) Prat Bottom .. . 5 T T ' : f
ed Round - 250 2556 2, 8.5 4.0 16.8 7.8 21.10
Resistance : | 77 LT : ‘

-Moncrleffs.‘

(2) Conical. - © L ' ” \
Flask .. 500 500 2,7 . .53.0 7.0 16.5 9.8 20,89
Monerieffs 7 0 o . ST e s

-(3) Conical o h e o o
Pyrex 850 290 2,5+ 3.0 - 6,0 13.5 8.4 21.12

(4) Conical . - = . ' _—
. Bohémian “”2001'350 2s1 2D 4,6 13,0 7ed 21,20
glass. S

(5) Conical A
11.0 5.5 21.20

Monerieffs 100 105 1,8 2.4 4,5
(6) Conical o ‘ , | - :
Monerieffs. B0 50 1.8 3.1 3.5 ° 9,0 4,6 21.00
(7) Plat Bottom - - ,
ed Pyrex 250 280 3.5 B3 4,0 13.0 8.4 21,00

wide mouth
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The results obtained in the above tests for.

'titrafioh‘ccs, Would’seem:téAshow that the effects of

“kind of glass and surface exposed have been exaggerated.

There is apparently’very‘little difference betWeen using

.a B0 cecs, flask and a 500 ccs. flask. It is obviously.
préferabie tO.USG one size and shape of flask for

standard purposes.
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- In conéiﬁdigg~this éectibn it should be mentioned.
'that'ﬁhe‘deteTMiha#iQn of reqﬁcing’sugars forms subject
4 ofathémresGéréh agenda of the Ihternaﬁi@nél Commission
for Uniform Methods of Sugar Aﬁalysis under the
lPre31dency of Doctor Prederlck Bates, U, S Bureau of
Standards. ; - |

The author is an associate referee for Subject 4: .
he hopes to. present the results here reoorded .at the

'Tenth Segsion of the Comm;sslon.
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PART_ 4.

' THE_DHTERMINATION OF REDUCING

QVSUGARS LN WHITE SUGARS.

In thls part of the work, the determination

of redUCJng sugars in Whlte sugars has been made

by several methods.'f The methods have been compared,

nu51ng specially purlfled sucrose, samples of white

sugar, and 1nvert sugar solutions oficnowg concentrationgg.<

'i‘i




THE_DETERMINATION OF REDUCING SUGARS IN WHITE SUGARS.

Until fairly reéegtly no attention had:been:paid to S

this question: even now some refiners are reluctant to

‘adopt‘contrdl'of redﬁcihg sugars in the final produot

The 1mportance of analy51s of white sugdrs has beenv:
"Fﬁshown in Part 1 of thi% Wwork, and there is need for an .

,gacourate method of dctenmlnlng small dmounts of redu01n8-

‘“Hsugafs 1nupresence of a large exceus of sucrose.

| ~; Seven methods Whlch have been put forward are hgre
‘#?dOSCleEd.: The methods have been compared, and thelr‘
3‘advantagee’aﬁd defects are dlscussed " o »

| The 1n+roducf10n to part 3 (page 66) descrlbjng:
i Lthe imporbant factors in redu01ng sugar estlmatlons, 

,may be referred ‘to as haV1ng obvious conneculon Wlth

“!'*the methods now detdlled.




‘Ngfié Luff Schoorl, estlmatlon made 1odometr10m]1y through

llNrRODUCTION TO Tﬂh METHOD

In the followzmg exger;mental work, several known mcthods&  -
- .of detefmlning small quantltles of reduc1ng sugars in whlte |
5ugarslwexe 1nveu£;gated.

flé. Saillard's ﬁéfhod, copper reéﬂent of high alkdllnlty,

reactlon carrled out at a lower temperature than the b0111ng
~001nt of. water, cuprous ox1de estlmated by Bertraﬁd‘

’:i;permanganate method.

'12. Berlin Instltute and R Ofnel 5 method, iodometric,

j%reduced copper belng determlned.

?the unreduced copperL

'-S:M Ost's method, copper reagent made w1th Potas%1um

”}blearbonato and carbon%te° cuprous ox1de eqtlmated by Bertrand’k

"?ipermanganate method.,

6 Maln s method, u31ng "L, T, Su" solution;*volumgtric,-'

¥~m9thyiene blue as internal 1nd1cator.\‘

DAILLARD‘S'MLTHQD:A The copper reagent contalns 65 g.
Na@ﬂ/mitre,pthegwisé it is prepared like Fehling~Sohxlet
isolutioﬁ. A ﬁixtUre of 20\cés of this reagenffahd 50 ccs
of sugar solutlon is heated in a ConlCal Flask 1n & water bath

at 63 = 64°C Tor 22 mlnutes and_the Cug0 ascertained by

92
: Bertrand)s<methqd in exactly;thegsame way as in Ost's method.
A tablefgiven covers a range of O - BO\mg.,of invert sugar”
and 0 -~ 8,15 g. of sudfose in the 5O cc used for the test,.

Tne a01d ferric sulnhate used for the dis- solutlon of CuQO‘

conLaln% ferrlc sulphate 50 g. and Hy80,200 g/1 . (Bettereve et
j uucrerle de Beiterave 19239 VQl 1 p.,137) ‘
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Bxample of Application of SAIITARD*S METHOD,

Determination of Invert Sugar in "Ily" Beet

Molasses:=- 13 g. of molasses plus 25 ml., of a 10 per

cent neutral lead acetate solution was made to 250 ml.
filtered, 50 ml. of filtrate plus 5 ml. of a 10 per cent
potassium oxalate éalutian and a little alumine cream was
mede to 100 ml. and filtered. 60 ml. of the filtrate was
used for the estimation.

0.9 cc. of 5% Klin0, was used = 9 mg. of copper

2 4.68 nmg. of Invert
(table)
Per cent of invert sugar = (.00468 x.lOO% = .36
1.3

In the same sample, invert sugar was estimated by Ofnexts
method = .é?? rer cent.apd by the electrometric method
= .665 per cent,

This method is very good for large percentages of
invert sugar,es in cane molasses and raw sugars, but is

not suitable for white sugars, as seen belowi-

Castor purified

Std. 118 Castor by double purifi=-
cation with alcohol.
Sgillardts . 000 . 0136 _ « 000

Ofnext g . 00156 . 009 « 000

— A W S AR SR MR e TE NS AT 6 ME W WD B S Sh ee S T G Bie S e S0 AR



=173~

DESCRIPTICON CF THE METHODS OF OFNER, BERLIN INSTITUIR,

LUFF SCHOORL, OST and WAIN WITH EXAVPIES OF EACH.

l, OFNER'S METHOD: In Herzfeld's Method, the consider-

able reducing action of sucrogse necessitates very

careful observance of the operating conditions, such as
the'time taken to bring to boiling, the duration of
boiling etc. Ofner recommends the replacement of
Soxhlet's solution by a copper reagent on which sucrose
has no action. Such solutions can be used for all kinds
of sugar producte irrespective of their sucrose content,

ne tables being necessary to work out the results,

Method of 1932 as adopted by the Czechoslovakian Sugar

Industryve=- The copper reagent is prepared as follows =-

5 g. of CuS0y .5 HgO. 10 g. anhydrous NagCOz. 300 g.
Rochellets salt 50 g. of Na2H904 12 HEO. the con-
stituents dissolved mainly in the c¢old, but heating for
two hours on a water bath to destroy the spores is
recommended. When cool and made up to volume i1t is
shaken with a little active carbon or kieselguhr and

filtered after standing for some time.
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The Iodine solution containg 4.0995 g. of 1/litre
The thiosulphate * J 8.0165 g« of NapSo0z.5H; 0/L
Iodine is soluble in Water only to the extent of one
part in 7000 parts of water, consequently the above
solution could not be prepared with iodine alone.
2.% g. XI plus the iodine is dissolved in a little
water and made to volume. (XKI plus 1, .iKIS).
The iodine”solntion for the Berlin Institute Method was

glse made with XI.

PROCEDURE & 50 ccs. of this solutlon and 50 ccs of the
sugar solution contazining 10 g. or legs of the sample

is brought to boiling in 4 - 5 minutes in a 250 ccs.
spherical flask (Ofner recommends 300 cc. Brlenmeyer flask)
and kept in gentle ebullition for exactly five minutes,
after which it is rapidly cooled under the tap without
motion, the liquid acidified with 15 ml. of N HE1.

treated at once with excess of 0323 N.1l solution and
excess of iodine is titrated with 0.0323 N thiosulphate

solution, using starch indicator.

t




w17 5en

CALCULATION: OFNER'S METHOD,

Bach cc. of iodine consumed equals 1 mg. of
invert sugar so that .006557 g. 0of coppexr =.00310 g. of
invert. One molecule
“of: invert sugar Cgljo0g reduces é.Z'CuO to cuprous
oxide; a correction of 1 ce. 9f iodine is made for

the reducing action of 10 g. of sucrose.
EXANPIE:

In a test 20 ccs. of .0325 N.1l was added and
14.2 ccs., of 0.0323 thiosulphate were required for
the excess of ilodine.
Find the percentage of invert sugar.
Iodine consumed = (20.0 - 14.2) = 5.8 ccs.
Gorrection for reducing action of 10 g. of

gucrose = 1.0 ccs.
(5.8 = 1.0) = 4.8 ccs. of .0323 N1 = 4.8 ng.
of invert; percentage of invert sugar = (20048 x 100)
. .0t

(The International Sugar Journal, Jan.1¢37, p.14S).
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Berlin Institute Method.

The copper reagent is prepared as follows (Muller's Solution)
35 g. of CuB0, SHpO dissolved in 400 cce. of boiling

water, In another vessel 175 g. of Rochelle Salt,

tbgether with 68 g. of anhydrous NsgCOz are dissolved

and maﬁe to 500 ces. After cooling the two solutions

are mixed, made to 1 litre, shaken with 1 - 2 teaspoonfuls

of active carbon, and after standing for seversal hours

filtered through é hardened f}lter raper.

PROCEDURE: BRERLIN INSTITUTH METHOD.

The sugar solution is not defecated. 10 é. or lesser
quantity of sugar to contain less than 30 mg. of invert
sugar ig dissolved in 100 ces. of distilled water, mixed
with 10 ces. of Muellexr's aolntion‘in & 250 cc. spherical
flesk (Method recommends 300 ml. Brlenmeyer flask) and
heated in a water bath boiling so vigoxously that the
immersion of the flask does not stop ebullitién, for exactly
10 minutes, after which the flask is cooled without shaking
under the tap, treated with 5 ces. of § N scetic acid
(tartaric acid may be used), excess of N/30 I solution
added shaken so that the precipitate may dissolve and the
excess determined by titration with N/30 thiosulphate, a
few cecs. of 1 - 2 per cent starch solution being used as

indicator.
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Calculation. The volume of iodine consumed is

corrected as follows:i~

(1) Correction made occasionally using
distilled water instead of the Sugar
solution; found to be 0.2 cc.

(2} Correction for the iodine consumption
of 10 g. of sucrose found by repeating
the test with the exception that no
heating is applied, generally 0.1l cc.
though may be as high as .7 cc.

(3) 2 ce. of N/30 1 for the reducing action

of 10 g. of sucrose.

After the corrections have beﬁn'm&de,
each cc. of N/30 iodine equals 1 mg. of

invert sugar.

EXANMPTLE ¢ BERLIN TWSTITUTHE METHOD:

In a test carried out in the hot 20 cecs. of
iodine was added and 12.0 ccs. of thiosulphate used
in back titration. In the experiment carried out
in the cold 5 ces. of N/30 I was added and 4.3 ccs.

of thiosulphate used in back titration.
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ijORRFPTI@NS'- 1n an experlment uslng only 100 ccs.’ﬂh

“fof‘dmstllled water pluﬁ 10 ccs. of Mhller”& solutlon
‘“1“5 ccs. of’E/BO 10d1ne solutun1WQweadded and 4 8 cca;
| of fhlasulphate used in: baek titrat&on.f Find the
percentﬂge of invert sugar if the reducing actLon ofiv‘
:10 8 of sucrose equala 2.0 cea. |

Iodine conSUmed in test - (20 - 12 0) = 8.0 cesg.

:(l) Correctlon for 1od1ne consumptxon. ,
of 10 g. of sucrose. (5 - _,4‘;5‘) = .7 ces..
(2) ~do- for action’ of" ' | |
B dlstllled Water'f“ (5 - 4,8 ) = +2 ces.

(3)‘§?do~ redu01ng actlon of
o 10 g. of sucroae

L
0

(8 - 07 - 02 - 2‘0) 5;1 005- : 5.;'mg;

fof invert sugar. j

Percentage of invert sugar"~( 0051 x 100) .
D T S . ¢ 10 )

.051.
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The copper reagent is prepared as follows:-
7. 3 gs of Cil 50, 5H2@ and 115 g, of

‘cltric acld crystals dlssolved in 200 cese. of
water by gentle heatlng.h To this solution; When
cnol, 15 added w1th ahaklng, a solution contalnlng
,185 3 g.zef anhydrous NaEGOS in about 500 ces. of
iwater 1n small quantitzes at a tlme so that aolutlon
may take place.s ﬂfter eoollng, “the solutlon is
made to one 11tre, shaken w1th e g. of washed and
ignlted klsselguhr and flltered by suctlon.: The‘
alkal#nmty of the solutlon.should be .78 N (vby |
phenolphthalein) and should be. controlled.

RaW'sugars are defecated thh”neutral Lead
aeetate anﬂ excess lead removed by phosphate-

oxalate mixture.

‘ PROGEDURE - LUFFBSCHOQRL MﬂTHOD.

’ Q15“gf or‘a smaller quantlty of sugar to<eontain.'
lessgﬁhan,45 mg. of invert sugar is dissolved in 25 ces.
| ,6ffaistiiléd watex;'aha‘ﬁixed‘with.25 ces. of the eoppe£ 
| reagent in a 250 ccs. spherical flask, & llttle pumlce |

' powﬂer belng added to 1esaen aupernheatlng.
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ThejSo;ﬁﬁipn.ia heated under reflux while resting
on wire gaéﬁé‘ﬁﬁicﬁ}in‘tukh”rest& on an asbestos card = .
-‘having a central hole of 6.5 oms. diameter. - Thé
llquid is Jbrought to boiling in three minutes (u51nb
a'Neker<Burner) and homllng_contxnued'fOL five minutea;3:
The flaak is then cooled under the tap and 15 ccs. of
20 per cent.KI (iodate free) solutlon added, followed
‘by 15 ccs. of 25 per cent HESO4 Whlch is added slowly
to avoid Ioss by effﬁrveacence.“ The 1odlne liberated
is" ﬁhen tltrateé with N/io NaagaOs 5H30. 1 ce. of
a one per cent atarcﬁ solutlon/addeé as ind1cator near o
the end of the tmtmatgan.;: The HQSO4 ahould be free |
frnm‘imen Lo avoié after-bxuelng._ The end point of
: the reactlon.ls ahown by tha dlsappearance of‘blue and
Tappeaxance of a cream coloratlnn.

=A blank determinatian is made usxng 25 cege oF dls-
tzlleﬁ water, this determlnlng the amount 6f copper in
the reagant.- *mhe dlfference batween.the colume of‘m/io
ﬁhlosuxphate used in the blank and that used in the actual
test is referred to in Luff Bchoarl'a Table and the 1nnert
,augar determlned..; Slnee the copper reagent contalns |

17 3 g.-of‘Cn 04 per lltre, ‘the volume cf m/io thia&ulphate

‘used in the blank ﬁheoretlﬂally shculd be( Ol?u X 25) ‘
- . . B ‘24971 D
% l? 32 ccs..v ‘

(The me&n of a number of‘blanks carried. out at dlfferent

ltlmes wa& 17.35 caa.}w
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EEFF %GHOGRIJ“C TABIE.

Shcw1ngfﬂlll?grams of Invert-%ugar.

ec.N/10

‘Thlosulphate.-

No Bucrose|’ 126 g. 2.5 gi |-

5.gs of
Bucrose. -

O 0

0.4

1.40

0.5

wi.‘fé()zmg.l QJéO'ﬁg;

ki.o;

1,75
;3;50“

1.30 | 0.90

2,00 | 2.80

0.45;
2,00

240

6.55

. 5.90 ’l‘S;So

500

410 -

1100

36 Ok

*‘ﬂila 6051*

12.557”

|11.90 1150
|18.00 | 1%.50

17,00

"24 vofi

f.a&vla) | s3.50

23,00

'~510 o

30, 55

'rgaso 25 |29.75

£9.05

35.30_

12,0
14.0.

3. 10@'1
_|43.50 .

‘56 .55 __| 56.25
';42 95f 14250

48,30

1@.0’5%

'»'50 20Tf

149.65 | 49.15

(Fréﬁkéﬁé intérﬁa€iénai ugar Journal Jan, 195?, De léﬁ.v

b

. Internaﬁnonal commisalon for unlform methods cf

SUgar Analyala)¢ =
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Example of Galculatlon. - In a blank test carfied 6étlf~"

the iodine llberated equalled 17, 35 ccs. N/lo thlosulphate~, ;
in a test u31ng 5 g. of sugar the 1odlne llberated eqnalled' v
16 V4 ces. N/IO thxoaulphate. Flnd ‘the percentage of’
invert sugar.< .

Iodlne consumad - (i? 35 - 16 ?) - 0. 65 cea. ‘which
from.the mef‘%choonl‘a Table la geen to eorrespond t0 0.45V

.2115‘x1.55) = .915 mg. of invert. Percentage of‘lnvert

sugar Ca g4009l5 x,IOQ; = .0183
, =5

This method. estimates the invert.aﬁgar by determining
the amount.ef unreduced capper. e ‘

20u804 + 9 KI GHRIZ * 12 + 2o 604 |
or 20u ' ¥[f*41 CugIg 0 Ig

Fbr thia reactLon to he complete the potasslum 1oéidek
,used mhat be ten tlmes that requmred theoretically.
(Clowes and coleman, Quantltative Chemlcal Analy51s PelOl
Ohurchlll,lgsl ) n The- amount of KI. salutlon used in
the Luff‘Schoarl Nethod Justlfles thxs.
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- Ostt s Methods

Theléoppénfreagént ia §réﬁared ag foll&wa:-

- 860, g Kgcos and lOO Ee KHGOa 1& dissolved in
}about.VOO'ml. of water in a lltxe flask by heating
in & water bath to 70 - 80° C. coaleh and a aolutlon "
contalning 15 ? g. of‘Cu'?zO4 is added to it in small
amaunts at a tlme, meanwhlle ag&tating. It 13
next made to mark at.the preper temperafure, well
 shaKen, and passed through a hardened fllter raper.
Ihia is called the normal solutmon." & flfth nolmal'
:aolutlon ig pxepared frem this, whlch gserves fer
the examinatlcn of reflned products, by m1x1ng
one volume of the narmal aolutlen.With four of

a solutlon.oontaining 250 g. of‘Kacea and 100 gs -

of‘KHCGS‘per litre.q This 15 nmore aensxtxv& than
solutlona of highex 00pper content and attacks

sucroae 1esa¢
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‘ Prccedure.'_ Ost's Néthod. ) o L |
M In ﬂhe determlnatlon of‘inxert sugar in whmte sugars :
"?5 ces. . cf‘N/S solution\le ‘mixed Wiﬁh 50 ccs.>of an aqueoua
\aolution.ccntalnlng 10 grams of the aample of whlte sugar
1n & 250 cas.'apherical flask and heated in a vigorously .
boiling water for exactly 15 minute&, after whlch it is,
filtered on a Goodh crucible covered with asbeatos, unﬂer :
vacuum, the cuprous oxide’ removed to the filter by hot
.water, anﬁ tharaughly washed by hot~water' next it 1&
Hdiaaolved in.?O coi.  of acid fbrrlc sulphate (50 g. of -
'fexrlc &ulphate and 20@ & of‘H2$O4 per litre), the flltrate;
belng received in another clean flask tOgether Wlth Washlngﬁ;
:the ferrous 1ron>pruduced 15 tltrated wmth 0.5 per cent |
KMhO (thls concentratlon af KMh04 is chasen, g0 that one
ml. of 1t equ&ls 10 mgx of copper for %_gm; x .006357;
equala .01004 g.) u51ng a mlcrohuratﬁe,zéifch reads the

volume to orne fiftlaﬁh of’a cc. L The follewing reactlonaV

ﬁak’e place:~ (:L) CGHI.ZOG ‘?ly approximately 6 CuO-’IﬁCuzo);
(2)cu20 . 5 Feg(304)5 . H2304 = 2 Fe 504 + 20u804¢ Hp0

(3)10 :ﬁ'esc>4 + 2 mrn04 * 3 st% z 8 Fez(so4)5 * K2$04 * 2Mn804 7

(?chwartz‘method) Thls method is known to give accurate

reaults Whlle belng less tedious than the gravxmetrlc
method, The‘pexcentage of invert sugar is found fxom*the% -

weight of invert sugar formed from Ost's Table.
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'0ST'S TABLE for N/5 SOLUTION.

Invert $ugar.u' Gu.\ Invert Sugar. .Gﬁs' Invert,ngar.. Gu:‘_

img. | 9.0med omg. | es.omz) 15 me. [45.5mgl

2 . Jiu.8 | o | 306 | 16  |47.6

14,6 | 10 | 33.1 17 |0 |
17.4 | 11 | 3646 | 18 52.1. - |

200 | 12 | 38 | 19 |54,3

22,8 | 15 . | 40,5 |" g0 |B6.5

< o o |a e

l2see |34 |iame | =1 |sB.6

(Zaltschrift der Vbrains der Deutacher Zuckerindustrie 1919} _
‘Nos 765 .. 40u - 445).V o

The normal solution contalns .004 B of Gu per cc. The
N/5 solution contains .0008 g of Gu per oo. The sugar
solution prepared fcr analysms sheuld contamn less than 21 mg. ”';

© of invprtasugar.
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 EXAMPLE @P CALCULATION "1;94“ccs; of jgsfx‘,s'per4dehﬁ*"

!3iKMn04 was found equivalenﬁ to the ferrous iron produced

fby dissolving the precipitated cuprous oxide in aeid
lferric sulphate. Eigd tha}percentage of Invert :

fsugar.r

1.94 ccs. of .95 x o5 per cent KMn04
’ « 1o 84 cese of .5/ Kmno4

= 18 4 mg. of capper.
~"1zfrom Ost s Table thls eorresponds to (4 . ;% = 4 45mg)
L S o - 2
. of invert sugar. ;
| Peréénﬁagd*af_;ﬁéértgsﬁggryaf;gggggl‘x 100 g 0,0445.
For Ost's method a blﬂnk test ought to ‘be

. carrled out usxng 25 ccs. of diafllled Water. Such

,tests were carried out and always 1ess than 0.05 ca.

' _'of permanganate was requ;red. , The correctlon was

J:;ignored mﬂz “many: blank determinations no

‘»permanganate was. found necessary.
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osmtS‘]mmiﬂon.'

Teat on.whlte sugar contalnlng known amounta of

,Invert Sagar, uslng “Flfﬁh Normal“ Ogtts Solutlon.k

;}10~gm3a‘prystal sugar(beat grade)used in each test

iﬁ§nﬁ iﬁveﬁt‘sugar‘soiution‘added in quantities

incorreapondlng to the underunoted mllligram&.

Inyert
‘ Sagar. 5.

fMllligrams Efi

C‘CS.
KMn04

Required .

'Ti 00rrected

“for -

| Blaﬁk ‘

Equmvalent
Mmlllgxama
Oopyer

Milllgramﬁkﬁ

from Ost*
Table,

5

:‘:2¢26

2 1l

SL.I

20 1

20 2‘

20,1 _

. f25173N~f{'

3;35

a.ozér“f::;

53.5

33.1

-r o = ‘ad » o -
Hedigr <ok £l CAT AR S DO
U RESERRYENLN] FERESX
. n
" 4

~f@5mﬁa

: V
LOCEC05eS |

33, 1

15

4.55‘”9

45 5

45;3

4556

Loas

N

5550 ‘

‘~'55.

_45.5
;'56 5 .

5.52

‘55‘2:

o0

56,5

miérdnﬁﬁretté'uaéd:~ Blank’ 0;15-03:

......

'k‘from those given by Oat In general_the agxegmﬁnt‘

iﬂ good.
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'Z@ﬁﬂbm OF LQW RESULTS IN‘PERMANGANATE METHOD .

- Low results ‘are due ta re~ax1datlon of

the ferrous salphate when the cuprous 0x1de

-is dissolved 1n & mlxture of ferric sulphate and'
“_sulphurlc acld.- If the Gqu is first. dlsaolvedy‘

.~in ferrlc ﬁulphate or Eerric alum solution, anﬁ

the sulphurlc 3016 ig not added until . 1mmadmately

f}before the tltratlon with permanganate, ccrrect

f:‘results are ubtalned.1m;‘

Vide.

Schoorl and Regenbogen. .

Z* ver. deui* Zucksrlné. 67. 563. (1917)1*

%Q;LBruhns: Cantr. znckermnd. 38, 1013' (1930):*7“ e
»rgjplckg i zuckerlnd Cechcslovak Repﬁ, R
- 49, 235 (1994/5)
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“dlssolved in Water also 14 647 g, K Fe (CN)

”maimfv WETHOD,

Thls 1s a volumetrtc method uoing methylene blue
as internal THdlC&tOTa For larger percentage of invert

sugar Sohxlet's modlflcation of Fehling's solution is

lused as the conper reageut but for the estxmatlon of
small proportlons of 1nvert sugar in presence of large
’_wamounts of sucrose, a8 speelal copper reagent named "L.F, S

‘fiSolutlon 19 prepared conLaann potassium ferfocyanlde.

(1) 173 g. of Roohelle salt, 40 g. of NaOH ave

dissolved .

‘ 6

 1n dlstwlled Water, the two,solut;onw‘made up to 250 ¢cé,,t.n

fjafter m1x1ng.

(2) 17, 315 a. of Cuoo . 5H20 mdde be 250, con. .

of NaOl made to 500 ces.. (5N solutlon)

["7ff Equal volumes of (1) and‘(z) 1S'known as "L.F:S.
 $01ut1on" o For purposes of determlnatlon of SMdll

ﬂpercentages of invert SUZAT, equel volumea of L 7, S and

I ﬂ.S;" 1 cc, of Whlch equalsl.OO?B-g; of invert sugar

The solut1on is standdrd1zed agAant standard 1nvsrt

'yugar solut:on,:w

© e vth

~~~~~

2 solutlon ( ) are mlxed, thls is known as the,"extra alkaline‘zwi
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Fi1G.17

-MAIN'S- POT- METHOD —

.-CLIPS-

-ARRANGEMENT- FOR-IMMERSION

IN -WATER-BATH-

FIG.I18

G o
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- APPARATUS.'"

| The apparatus consists of tubes 15 0 mm. 1ong,
‘88 mm. in diameter, provided with floats of the same
‘form which make a sliding fit in the other tubes. |
The endsﬂof the floats‘are drewn out to a taper-makiﬁg‘A_
 the tbﬁal length 170 ccs. The water bath is an
‘ordinary cyllndrical pot of three gallons capaeity
'and is fllled with water to within- 5 ¢.ms of the -
_; top. L i. .‘ \ :
o “g} The tubes can be fitted in and - looked t0 a

" rack’ which can rest on the pot.

?'PRocBDﬂRE.f_; | ST A

. A twenty per cent or thirty per cent solution\
A{Nof the sugar to ba examined is prepared the |
coneentration chosen being according to the invert
sugar concentration prasent. Gradually increaslng
. vclumes of this solution are placed in adjecent tubes__:
in the rack, the volumes differing by equal inorements.a
A,Qefin@te volume of the extra alkaline L.F.S.a(l or 2
ﬁl.waccérding to the concentration of the invert. sugar
. 'present) is added to each tube together wi th two drops
“-of a ten per eent solutian of methylane blue whlch '

serves’ aa,indieatar. The tubes are well shaken to mix

the 6bntents. :
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Theificaisfarg plécéd iﬁipoéitibn, pﬁsheé ;ddﬁn end
aliéwed‘to rise by buoyancy, the purpése being to
eliminate air bubbles. The tubes are then ibeked to

the .rack and the rack placed in the boiling pot for -
exactly five or ten minutes depending on the concentratlon
of invert sugar present,'at the end of which time the '
rack 13 taken out of the bath and the colours observed.

'The correct volume of the sugar solutien which reduees

. >.ucompletely the voluma of the Tie F S._under the given

conditions will 1ie between the volume of the last sugar
solution which appears blue after the teat and the volume
;of the first sugar selution Which will be- colourless - at
;the end of the test. CIE the 1imits were not found in
the :t‘ix'st test, a: second teat should be done, - In
subsequent tests the intervals will be 1essened between
the found 11mits and 80 on until the required volume i
of the sugar solution is determined down to a tenth of a “
.{ mle |
Results ave fqugd £er a Table given by the

author ef the methdd;‘ | . ) ;

The potassium ferrocyanide makes the L.F. S. axceedingly
sensitive; it is to be present in the quantitatlve amount

requlrad. It reacts with the cuprous oxide as it is

formed, thus removing the red c61orati6n thét téndS'bn




:to ‘mask the end point of the reaction as indicatad by
:;methylene blue.,i The end point is shown by the sudden

»disappearanoe of the blua colaur.‘x

| écﬁéétfxﬁguFéétcN)6‘§=EHQQZQ CugFe (CN)g 4KOH
(Thé’lﬁtéfnaﬁioﬁal_sugar Jeu:nal;ﬁJuﬁe, 1932.) -

!BXAMPLP ‘ BN R

' With a twenty por cent, solutlon of sugar, lco if

onf extramalkaline L F S., the voluma of solutions uéed

;éin test (1) were 15 ml. 20 ml, 25 m. 1. 30 mle After

' five minutes of heating first was blue and other |

f;colourless. N In & second taat volumes of" the solutmon

f used were 16 ml. 17 ml. 18 m.l 19 ml under the- same

~1;conditions as befere* after fiva minutes of heating,v; 

© the first twa tubea were blue, 1ast two tubes were
cclourless.\ In a thlrd test the volumas of the same '

'fsugar solution used were 17 1, 17 3, 17 5 and 17.7. ml. :

 ?under the same conditions and 1t was found that the first

| tube showed a trace of blue while others were all |

colourless. - 1Zg

The required vdhma was taken equal to 17.1 * 17 5
‘ 2
- - =1'7?m1. :
From Main s Table this was found to eorrespond to;

O 0560 per cent. of 1nvert sugar.




?E’AR‘}Z OF W\.IN*& TABII}.

Sucrose Grams per thre W; =20 30

L.F.S. Zﬂxtra,ﬁlkallne. gca.m."' 1 : " AR S
%iTlme of heatlng (Minutes) . B | 10

o, of Salutlen E : | In%ért ‘ - 6
lrequired for S Sugar nver
| zeduotlon. ©* a5 | Lozes “%esss -

oo de e | .02 fﬂ_‘ '.oovljfu.

1o ) .o389 ’f‘.ooeo‘
g | .o208 L0052

g o] L0191 0045

o.2v .| .0166 .0035
22 | .oiss . 0031

s ‘.0145‘ .0025

—

-’Eéfi ;f“" ,0125¢f_J‘ gOOiS

sz | .omes g

.8 | .o00a | -

(From the International Sugar Journal, June 1932)., . -
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'71N0TLS om‘mazmw pom mﬁmnona-
: The use of a bolllng Water bath as a source of{  5f
»ﬁéat ig not NEWe, It was proponed many years ago | |
by Relschauer and Krulﬁ (Oeaﬁrﬂngar Zextsch

f?uckerlnd 12, p.254) who- used & flxed volume of

"fsugar solution and 1ncreaaing volumos of Fehllng'

solut¢on and 1mmersed the reactlon tubea in a" bath o
of bOlllﬁg Watex ?or QO mlnutes (see Browne'

B "Hﬂﬁdb°°k of ﬁugar ﬂnalysla" (1912) p.a98, wheTe: ltmféﬁv

is. remarked that ﬂuhet”

maxge amount of 1abou£ and tlme ek
,necessary fox complcﬁlng a deb&rmlnatmon nag bean,v |
however, aﬁﬂerlous obstacle agalnat the general use
- of ﬁhe meﬁhod.“) B SR S , n

J‘S. Nann adopted the aame prlnclple, but used ~¥U’

1ncmeaslng volume of FEhllng solutlon.ﬁ Thls method1k

s'figwaﬁ mmmeakw"maln but 1t wa& found that “the backui;,733@

ox1datlon of the cuprous oxxde ‘and- Lhe methylenﬁ |
: blue 1ndlcator made the endﬁp01nb uncertamn. AfterV:
a numher of’eyperlmentﬂ floata were devised Whlch 3
‘almply buﬁ effectlvely eycluded the aJr frem the

solutlon dur:ng heatlng. ' The end~p01nta were now

very'deflnlue.-

These tubes shauld be of nearly the smne wexght
~and szze, and ag thin as- practleable, gsince thln o
[giasﬁ allcws of more rapld heating of the llquld.;
‘Those used in thls work were made of pyrem glass.v

The floats are slmllar tubes maklng a ﬁlldlng flt
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in ﬁhe r&actlon tubes.‘;fr

| 'MﬂlmfﬁtPOT'METHﬂna»-' Standardlaatlon of the L.Te s.-

- , ﬂiextxa alkallne solution.m
56 5 3?, a? 5 38 38 5 mls. of tandard Iﬁvert

Sugar uolutlon contalnlng 05 025 gme . tinvert sugar“‘/*
100 mls.,were added to- each of 5 Lubes, 4 ml. of the

extra alkallne L‘P}ﬁ. solublon zdded and then two"
droys of a l per cent methylene blue solublon, the
floats 1nserted and the tubes 1mmersed in the boxlmng '
bath for exactly five mlnuteg.jn It was found that |
38 mls. and lower were still blue. whlle the 58.5 ml.
- was dlscoloured.< On furthcr experlment -

: 3§ﬁla“” mls. were employed and. 1t was found that 38.3 mls.

e

,?i38 2 o WEre Just reqmlred Tor complete discolouration.

~‘2’58 Si On.repeatlng thls range the result obtalned

" waa o8 2 ml. so the mean u8 25 mls. was- taken

Euc"as the requlxed amounﬁ of tand&rd Invert Sugar. %clutzon

iﬁrequlred for complete radmcﬁion. Thls giveg a normaln

féfxty of 38.8 2 = 1 03o8 for th@ L.T.S. ices ~A

" 57 5 , B
1,0338 X X‘ 4 S ";where X w wmount of L.F.8,
”“@'" .jextra alkallne solution re=

1.0858"  guired to give a standard
solutlon.

In order to test thls normallty flgure 56.9 37 0
- and.¢?.l mls. q£ the Standard Invert Sugar Solution .
*_<don$aining 0.025 gmg’/TOG)ml.'were placéd in each of
three tubes and the experlment carrled out as bafore

Zexcept that Z.87 mls. of Tehling's extra alkaline L. F .
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'solution were added, and the tube immersed in the

boilihg water for exactly_five minutes. 1t wasg

found, that 57.0 mls. were. just sufficient to cause

decolorigation, and this figure is in agreement

with the required amount of Standard Invert Sugar

Solution required. ' RS
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| EXPHRIMENTAL. |

-1l Wiih sugar‘pupifieé_by eryﬁﬁalliSihg out from

an‘aquebua soiutioﬁ‘by addition of absolute

alcohol.;‘ A super saturated solutlon of the

purest avallable cane ‘sugar was plepared and’ flltered* ?ﬂ

specially purlfled absolute alcohol was added and the -
stgar ﬁh&t sepa:ated‘apqnloff in awgentzxfugala A
por@ionAOf’thiéiwaa dried in the air and then in a .
?aﬁﬁﬁmszEn aﬁja témper&tufg of 40°¢C. andlwaa‘lahelled
ﬁﬁﬁg&r @ufified by singlefﬁre¢ipita£ion with algohpl;u'-;
The other pof£i6£ was again>dissolved in water, pre-~ m
clpitated in the same way aa bafore, spun off in a
centrlfugal. air dried and drieé flnally in a vacuum
oven at. 4000.,for two houra. " Sugar §ur1fled by
dcuble precxyltatlan wmth alcohol should contain no
1nvert augar'f suerose prepared in the above way is
uaeﬁ for” standardlzing saccharlmetexs.

The methods for purlflcation of the alcohol

and.aucrose are here glven in- deta11-~
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PRHPARATION OF PUR& SUCROSH.

PREPARATION OT ALCOHOL' The alcohol used for the

‘:preciplmatlun of pure sugar should be hlghly |
pgrlfled with reapect to acids or ald&hy@es.

It is ndt essentiathhét:it be dry or free from
éthef meﬁberé of the aleohol group. The method
of puriflcatlon,here,described meets these re=-
:quirements.

' Dissolve l 5 gms. of silver nitrate in 5 ces.a .
gcf water, - adé to a lltre of 957'alcohol in a glass
:stOppered cyllnder and shake._lmﬁ

a ( Dlssolve 3 gms.lof‘potassxum hydroxlde in
ilO ees. of warm alcohol and after coollng pour S
~alow1y’1nbo the alcohollc allver nltrate solution.
- Do not shake. ﬁllaw to stand overnlght.

:Slphon off anﬁ dlstll.’

J"
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PURIFICATION OF SUGAR: Prepare a saturated

solution of sugar in distilled water, never

alloﬁing—thé temperature to exceed 60°C. Filter
throngﬁ-a sintered glass fdnnelvo;Jasbestos under
vacuum. The solution should bé ﬁ%illi&ntly clear.
Keep in a bath at 60°C and add enough of the

prepared and wormed alcohol to precipitate the

lbulk of‘the augal.‘ Fllter through a lintless

‘gand thoroughly Washed piece of llnen in a Buchner

| funnel..ﬂ Never let sqlutlons_touch metal, paper,
”“g’or;pe;contaﬁinatéd“by“duéth Keep all vegsels

éovered;:; Wash crystals w1th a Little warmed

prepared alcchol, then agaln dlssolve in distilled

B Watel at 6000{ maklng a saturated soln. pre=-

clpltatlng and then fllterlng through the re-

washed llnen as- befare.

Dry crystals at not over 4000. in dust-free
air, thgn reduce to a moderately fine powder: do
not acreen, and dry in a layer not more than F"
'ﬂhick over freshly burnéd'iime, preferably in a
vacuum. Keep in a large weighing bottle and
determine ambunf$ taken by différence in wts. of
bottle.

Determine mdisture in a sample by drying four.
hpurs-at 7060 in & vacuums Correct weight of

portions -taken for the moisture contained.,
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The original sugar and the two purified

gamples were tested by thé'féllowﬁng methodss-

. . Purlfled by Purified by
| oRIGINAL smc;m ‘PRECIP~ | -DOUBIE PREUCIP-
METHOD - - SUGAR. | ITATION BY ITATION BY -
o ALCOHOL. - . ATLCOHOL.
1. Saillard - 000 000
o, Ofner | .011 .| 0016 . 000
. Berlin . [~ . f S e
3. Institute|  .026 |  .0lg . .003
| Tuff o — .
4. Schoorl. - “9.001 . 0000
5. Ost - 000 .0000
6Ma1n | - - L0005

The results for the suvar purlfled by single

) preclpltatlan,by aluohol are hlgh,

this may be due

' to traces of alcohol stlll presenﬁ in the sugar :
which exert reduclng actlons on the copper reagent.

2 ﬁ&thfWhlte Sugar.' The percgntage of invert

sugar was deétermined in a ﬁumﬁei:éf‘éamples of white

SUZATS by the five methods of{Ofnér,.Berlin Institute;
Luff‘Schoorl, Ost and Maln. The results are shown in
the follow1ng Table. Results by De Whalley's method ,

desceribed later, are included for comparison.
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3. Tests c&rrled out Wlth %olutlon@ of Inverst ﬁﬁg&f&ﬁ;wf

PREPARATION GF smmmnn INV!:.RT sownolq. R

pure sucxose is dlssolved in abouﬁ ?5 cca, of water

| in & iOO ccs. flask and 5 ce. of HCL of 1. 19 spe01flc
ﬂgraVLty ig - added and the flaskhallowed to stand for
one week at 14 - 15 c. - Iﬁ 15 then transferred/
W1th rlnﬁlngs to a lltre flaak, madc to. volume and
SF939§? Splutipn containa: 9.5 xlogﬁg or 10 grams
*ofiéé§er%7sug&r_pér litre. ‘iﬁ:keepa for moﬁtha,””

wéﬁﬁ@&t change& e

. Ina sééiés Qf teété”ﬁédff@l“ih%ert sugar
solmtlons of‘dlfferent concentratlons were used,_'
the 1nverﬁ sugar 1n 50;ccs. be¢mg determlned by
the flve methads. FDl example, to prepare an
» 1nvert>sugar solutlon which ‘containg 25 mg.'of in~-
vert in 50 008.;50 ces. of the stock solutlon wa.g
taken, neutrallsed W1th ten per oent caustic goda
u51ng lltmus as 1ndlcaﬁor and dlluted to one 11tre.
50 ccs. of thls solublon were uged for the test

excapt,ln the case of Luff Schocrl’s method where

25 ccs. were used.
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3 mg. oF Inve:i:t

Ofner.

Berlin
Inatitute.

L@ff;

05t ¥ain

e 14,58

Per 50 ml.
ﬁs ’
10
12.5

1 ;Bf,

_2?

25

10‘95

13 5

.16 25 .

‘21 0

15.58.

4.5
10.0

15:05
25.32

C14.5%

Bchoorl,

4,55

9.42

. 11.5%
13;?
18.8
25,58

13.60

3.9

.25
10: 28
11.92
16.35

2l.14

11.80

4.94.
9.95

12.38 -
165.0 .
'20.05}

25;63?

14.5%

- Average of‘the dcﬁermlnatlon by-dlfferent

, methods fbr each concentratlon.

e

Mg. of Invert

Average - -,

“per 5O ml.y

§

,;4;677

10

15

T o S

__14.38

20

19.25

25

24.3
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%, DISCU %ION 0F’HT%ULTS:~ From the experiments

done-wlth augar purifled by double precipiﬁéﬁimn~"
by alcohol, assﬁmiﬁg that the sugar was finally
free from Invert sugar, it 15 seen that in all

the methods the copper reduced by tne action of
sucrose on the reagent has agreed well with what
had been allcwed for the respectlve methods, eX-
,‘eept 1n the caae of Berlln Inatltute'ﬂethod where
f;the redu01ng actlon of’lO & of sucrose has been

ﬁ fbund hlgher than Lhe equlvalent of 2.0 ml. of

o m/BO lodlne (what is allawed) by @,3 ml,.

:HOFNfﬁ'S ANU BERLIN‘INSTITUTE METHDDS: Résultﬁ

)L,for the whlte sugars by the Ofner's and Berlin

;prnstltute Nethods are faxrly comparable, though

{1ﬂ any Dartlcular case the result recorded for

the Berlin.Instltutc Method is- hlgher than that»
for Ofner's MEthod. In the caae of invert sugar
solutions, the“dppositéfis ﬁru§@5but in this case
it must be-noteQ'that the ooncehtfatidn of invert -
ialhigher; However; in the case of Berlin
'_Instltute Mbthod the results obtalned for invert
“sugar SOlUulon are in close agreement with the

, agpqal;vaLgea, Which is’evxdence in favour-of the
,aqéd:aéy_ofthe methbd. It mugt be observed that

- the concentration of invert sugar i# the invert sugar



solutions used are higher than in the solutions

of white sugars.

For the invert sugar solutions, results by

Ofner's

Method are higher than those of Main's

“and Berliﬁ‘lnﬁtitute‘s?by 1 mg.

The atcuracy of the two methods appears

about equal.

Tor each method, if the sugar is weighed

accuraiolj dnd volumpq meaaurpd to 0.1 ml. convb

cordant

results can be . obtalned for the same sugar

to OOleer cenf”i in any duol1Cate determﬂnatlons,

Thls ha% been found to be tT&P

(A)MPARI ON WITH OT:[ER Mn,mons

LUFF SCJOOhL METHOD.

The Luff Schoorl Mﬁthod 1s not as accurate as

The two 3reced1ng m@thods For the follow1na reasonss:-

1,.

lnvert ou?ar 1° determiﬁed in half as

'much the quant11y of sugar as in other

BN ! mpthdc‘ (5 gr. \) ¥ el MR

EResult is. found from titration using

“;f;N/iO thlooulphate, whereas in the above

two methods answers are calculated Erom

readlngb in 1ermo of N/30 solutions,
The method does not det@“mlne the reduced

copper directly but by the difference of

two estimations, one the total copper and
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the other the unreduced copper and there=-
fore, the result will contain the errors
of both estimations.

The range of invert sugar determination is
wider in this method; the method was principally
designed for estlmatlon of larger ‘quantities of

invert sugar. Invert sugar»04n be estlmated by
u»the method to O Ou per cent. . »*

Wlth the Luff Schoorl Mbthod, the results
founﬂ»for'the whlte augars are not concordant.

- The amount of Invert %ugar 1n whlte sugar correg-
" ponds to less than . 5 ml.Tof the “thiosulphate

solution, hence the dlfflculty of obtaining accuracy.

'OST‘” MBTHDD' |

h In Ost's Mhthod, & mlrco»burette was uaed for
the bltratlons.;ﬁ,mheﬁpermanganate method of ag~
centaihing the copper (BertranﬁfE;Method) has
been-éri;icised in that some of the ferrous éulphate
will be“retained by the.aﬁbestos. - Neglecting
~ this, invert sugar can be determined to .002 per
cént.‘ it is possiblé tb obtain concordant results

by this method.
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I% mu&t be polnted out that uDluLIOnB~WhlGh
cbntaln‘a cerﬁaln q&&ntltY'OL 1nvemt*sugar plus a
,large quantlty of sucrose dlffer from solutlona
,whlch conhaln a certaln quantity of 1nvert sugar
Wlth an equal quantxty of sucrcbe, beagause the
greater v1scosxty due to the exXcess. sucrose in
 the flrst case Wlll lnterfere w1th the formatlon of
cwprou oxlde,

Results‘given for invert sdgar solutions With
0Ost's Method have been found from Ost's Table.

They are lower than the Quanﬂities of inverﬁ-éugar-
known to be. present in the solutions. If it be
assumed that smx gxoups of CuO are redu@ed per invert
wsugaxéfgggulté calculated w1th the ald of this

:assumgtlcn.agree more closely with the aotual

lvaluea as shown below.

mg. of invert . Result EQUnﬁ Result by the

present pex’ : from Ost's above assump=-

50 mle \-‘_' ; i Table. “tion.

“‘115‘ “ iuA‘~’I';f 5 o ;a | 4.64 mg.
G TR RN 9,35
125 ! " l0.28 13,0
BT 192 | 14.96

20 16.35 19.8
25 | - 2.4 . 24.9
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OF THE OFNER & BFRLIN INSLITUTP METHODS .

These two 1odlmetrlc procedumes have the

follow1ng dlsadvantagesz-

l.

e

They require the use of several solutions and

thé.mani@hlatibn igs too complicatededr

‘routine work.

- The cal@un of the copper reagenﬁ 1nterferes

Wlﬁh the starch indlcator chdnge at the end=-
point. : | | |

The correct amcunt of sample to be taken

_;*ifor an estlmatlon is difflcult to gaug?»

4.

He -

6.

31nce there is no indicatlon untll the end

of the test as. to whether ar not boo much
1nvert sugar has been present. )

The apnllcatlon of so many corrnctvons unduly
complicates the methods. | “
The'neceﬁsity for maintenanCe'bf*ét&ndara

iodine and thiosulphate solutions i a

_great dis&d%ént&g&é' the copper feageht
itself does not keep very well, requiring

_occasional blank tests: most potassium

iodide contains some iodate, which causes
after»blueing.

Any lnclease 1n accuracy obtainable does

_not seem to Justify the extma time and

labour 1nvolved.
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' IM\.IN' S I!LE. ‘L‘HOD. -

Thla method 13 recognlsed to be exceedzngly
kaccurate, determlnmng the percentage of'lnvert
sugar in whlte sug&rs to . 001 per cent. The method
-_ia employed by the London reflners.
| The average results for Luff Schoorl Method
igndimﬁih’s Method gfegéf_thé same order of magni-
-tuée. | The indiﬁiéual.reauiﬁag however; do differ
con31derably 1n many cases. The §e$u1ts-shown—
fer the invert sugar- solutlﬂng by Maln*s Method
clesely agree with those of the Bexlln Instltute
and the actual results. .

The foreg01ng comparlsons have shown that the
’{results for whlte swgdra and invert sugar solutions -
Nare nat oomparable._: Thls ig because the con-
%aentratlon of’lnvert sugar in a reactlan mixture
vconsistlng cf whlﬁe SUgaxs is muoh less than in a
. reactlon.mlxture nontaLnlng the chosen concentratlon
of 1nvert sugara. h'-:ﬁ;;;;n

“ Further, the reaults for 1nvert »u&ar*alene
are in’ closer agreement than those for whlte sugara.
Slmllarly,‘whenever the percentage of invert sugar
in the sagar ig hlgher the relative dlfference of
the determlnatlon by the dlfferent methods is less.

These facta show thdt as the quantity of invert sugar

increages, the regults found‘by the different methnds

épproaéh one andther more closely.
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; comcm IONS ;

The remulte obtained by the Berlln Instlﬁute'
Method dre the hlgh&?t the next hlghest belng .
those by»aner'a~Method..

It can b s‘een that as the precentage of in-
‘vert augar present 1ncreases, the results by the
, dlfferent methods approach each other‘moxe closely.”
The tlme requlred for a 81ngle estvmatlon by

"the dlfferent meﬁhods*@&gyn'

- aemmop TIE IV MINUTES
**Luff uchoarl' | i_ s |
ﬁf@fnex ?;%u‘}fi,gﬁﬁﬁw? ; 20
,iBerllnvInatitutéif:ifjf;7‘ 20

M&:Ln %20 %o 50
These tlmes assume that Water baths etc.,
are all ready.' vWEth a. serles of tests 1t was
afound that the tlme per estlmatlon WS xeduced
LonSLGerably but not equally for all methods.
Ostfs Mbthod is prob&bly the qulckeat where many

eatlmatlens are necessary.
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SUMMARY &
B The Berlin Institute e thod and)Ofnex's Method
appear'to give results which are too high when
" the reduclng sugar content of a white sugar is
-below-o OlO per cent. it is s¢gnif10ant that the
lowest percentdge obtained by either mebhod wa.s
0. 008 ‘per cent,

On the other hand the Luff 6choorl Method
-and Malnﬁs'Method seem to mlve results whlch are
too low when the reduclng sugar content ig below
0.010 per cent.‘ ) T ‘ ‘

The methods of” Ost and De whalley are apparenmly
moét satlsfactory at:below 0. OlO per cent re-
ducjnv sugars. - De Whallev's method has the dig-
’advantage that O 020 per cent of 1nvert sugar
completely dlscharges the methylene blue “¢colour
gnqwlt 1s\not pOSBlble tgfchange the Welght taken
without altering the whole procedure.'ﬁﬂw

: Abdve‘o;olo per cent reducing sugéfé the
results by all methods tend to come closer to-
gether. |

RECOMMENDATION:  Taking all considerations into

acéogntithe author would recommend the use of
either the Ost or the Mein Method for ﬁhe esti~
mation of small amounts of reducing sugars in

white sugars.
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Néthod for the Determlnatlon of Invert Suﬁar 1n'

Reflned Whlte Suvars.

by H, C S de Whallev I S Je Aug. 1957, D.300£}

Solutlons Requlred°~'

',(1) o 20/ Methylene Blue

(2) 3N NaOH (between 2,90 & 3. 1o N;
_ , , 1

Deta115 of Method° 7 gms.‘of'ground sugar sample are
wplghed out (to Wlthln 10,05 gm.)g poured into a clean

dralned tesf tube 6" x 2 (of;9,4 to 9.6 gms. wt,.), and

~to 1t added.

6 ccs, dlstllled Water u”tnwz~ From

1 cc. of methylene blue- solutlon . micro-
(l cc.,of ' Na.OH oolutlon AT ) burette,

The mlxture, stoppered by a rubber bung “is shaken
vv1gorously for 15 seconds, cork removed, apd.theltube
immersed 1n a bolllng W&te? bdth fTor Lzo séeonds° It .
is then removed and compared w1th siandard tubes:

5 seccnds.or 1eés 15 requlred to matoh it. The gas is

controlled bj a manometer*i«5io"m5 75“ of water,




”Stanqérd tﬁbgsﬁeA#f Ammonlacal copper. %olutlons, .
Basis ﬁwl9;57gms,'CuSO4 5?50 1n b011ed dlstllled Water

made to 500 cés.”

Invert Standard % Copper:Solution n@gﬂ&mmgg&gqggﬁL
L. L ces.e

o001l . 40,00 10
0.002 24,60 S 10
0.005 16,40 . 10
0.004 - 10.66 10
' 0,005 o 7.18 .10
o, oe6ii'l 4,92 | 10
o, ooz'is L é,gﬁ;;=~» . 10
0.008... . 2.8 10
0:000 U e 10
‘OQOlb,ffw *i;j?»}l.33i?' ":‘f 10
0. 015 N -0:50,% 10
Each made to 50 ccs. w1th b011ed dlstllled water ahd
sealed in a glass tube. ‘

Ammonla 32, Qﬁ NH4 0H bJ Tltratlon.
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DE WHALBEY'S METHYLENP
IN'WHITm SUGAR

BLUEfﬁETﬁbD FOR_REDUCING SUGARS =

EXEERIMENTAL:~: (a) WHITH SUGAR%.—

The Whlte sugars tested by other methods of

.détermlnlng,reduclng sugars.were used for this method,
 The resﬁlts obtained ere shown in the comparative table .
on page 202

(b) WITH SODIUM_CARBONATE IN RLACL OF_SODIUM HYDROKIDE,

Tests wexe made using 1 cc., of a 3 Normal solution‘

of soéiﬁm carbqnéte and 1 cc. of the usual methylene blue

solution: other details were as given for the standard
method, .1.e., VLQﬁS- sugar weighed, etc. N
No.|: White hminﬁﬁes:'% Red. |% Réduﬁiné: ‘
Sugar | boilingl .Bugars |Sugars usihg .
. AT R N . |NAOH with - ' ‘Remarks.
. L . |2 minutes
o R : ——tboiling, R
(1) i Ag‘i b@low OOlc . It is apparent that|
(2 " 4 40055 the time of boiling
(3 " 4.5 | .004 : when sodium
(4 " 5 .| .004) | = Goss . |cerbonate is used-
(5 M B .004 UYL 0 |as alkali in this
6. M 7 . 0058 method, must. be
(7 " 10 . . 007- . . increased to
8 ~-C 57 " 008} ' 5 minutes,
()| . om 5 ‘.0053 - 0060 |
(10)| Pure. R ;
Sucrose 5 .0035
1) =" 5. .0055; 0028
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() BEFECT OF TIME OF BOILING3-

U%lng the sfandard method (sodium hydrox1de alkdll),

the time of b0111n5 was varied,

No. | White| Minutes| % Red. | Remarks.
Sugar | Boiling| Sugars. -
(1) |- = 1 . 0035 These results show the
(2 " 1 .0030 -
{3 " 2 L0045 _ ‘
4 " 2 | L0045  [necessity for accurate
(5) | v 2,5 | .0065
7) [~ " -3 Colourless timing in this method.,
(a)

VARIATION OF WEIGHT _OF - SUGAR TAhuN."

2 mjnutes b0111ng.

No. "~Whitel‘Gmsg’ 1 % Red.. QEEqulvalent to
Sugar | taken' | . Sugdrs | Standsird No,

()| & | -+ 1 [.002 - - |+ . 2

{2; | JLLUN R 2 . 002" - ‘ S~

3) n 3 |.003 | .. 3

(4 " S 3,5 [ L0030 T 3

(B " g .0035) | between 3

(6) | " 2B ] .0035 .| and 4

(7) | m ool e floos Tl s

(8 " s 7 (;995 o : 5

The e experlmenta shoﬁ th&t the Welght téken need»
not be welwhed very accurately, The_percentages shown
}‘aboveghave not been calculated from the weight uéed, buﬁ
\have been deduced from the equivalen@ewith the prepared

standards,




(e) RBLOVLRY OF DLXfRosw AﬂDED TO WﬂlTL SUuAh OF ﬁNOwN
RLDUClN SUGARb CONT¢NT‘ ‘ '

Dextrose COﬂtdln7né 0. 58 per cent of molsture wa.s usca°~

- 1.004 gms. were made up to 500 ccs.A

No. | White  Gas. - |rotal Reducing

Sugar | Dextrose |Reducing |Sugars | = Remarks.
ams ., added. | Sugars found. "
' : present
(1) 7 <001 - [ ..006 .005 | The vecovery of
| (2; 7 .002 ,007 - .006 o
(3 v . 003 .008 ] L0075 dextrose is
(4) v L0041 .009 . 008 | ? .
55} . .005 = |- ,010 | L009 - satisfactory exXcept
6 7 .010 - - L,015 | .012 ' .

in~Nb;.6’test, where -

“it is low.

(f) VARIATION OF METHYLENE BLUE. STRENGTH:-

No. | White | Methylene| cos.. *. .|% Red. :

~ Sugar | Blue % | Methylene | Sugars Remarks.

IO I S Blue A : :

(1 B 0.1 1 |--.0045 | These results show

(2) oo 0,1 1 " ,0045 1 that there is o
(3) ool 0.2 1 . 005 little difference
(4). "o 0.2 1 .005 produceéd by . |
‘(53 o 0.4 1 0055 | alteration of the

(6 Wl 0.4 1 . 0055 | methylene blue
e Lo strength. '
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De Whallev o) Method for Redu01ng suzars.

The use of the Photoelectrnc Ahsorptlometer in nlace

of standards.

The standar&s described by De;Whalley were examined
in the Absorptlometer, and a curve constructed from the
Tesults obtalned

ThlS curve requlres oan ohe sfandard solution to be

*avazlablg When uq1ng De Whalley g method

Ammonlacal cupxlc sulohate solutlonb have been examined
photoeleotrlcally by, Yoe  and Crumplex (J T E.C., Anal JHd.,
Vol. No.- (1930) ;.’. | o

The readlngs obtalned by the autaor are shown below°

" Cuprammoniun A Corresponding

No. sulphate solution =~ | Scale Reducing
" cos, per 100 ces. . readings. sugars %
1.? %,l - 0.25 Between 3.0 & L030 .
2. 0. 50 =0 ',_i .015
3, 1,33 2.60 i .010
4, 174 2.55 | . 009
5. 2,26 2. 40 .008
;é}« “z.97 | 2.27 . 007
7. 4,92 o A~2.05 .006
8. -~ ovas 1,65 .005
0. 10,66 Y . 004
0. 16.40 - 0767 .003

11, .24.60 ‘ - 0.046 .002
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 DE_WHALLEY'S_METHOD FOR_REDUCING SUGARS.

DISCUESiON&«_ 1t Would'appear”from the resilts withw'

odlum c&rbonqte in place of ‘sodium hydrox1de that
this renlacement does not affeo1 the accuracy-of
the~method, and a;lows of more latitude ;n regard to
time of»bdiling.~‘

The Mdln defect of the mebhod is 1ts 11m1ted
ranges 81nce O, 02 per cent of redu01ng sugars
comoletely dlschdrges the blue colour, the test
appears to be too® dellcate for commer01al use, It.
is accurate, however, Wlthln its range.‘f The use. of
: methylene olue 1n thls m@thod lu an ]nierestln@

appllcation of an’ ox1aat19n/%eductlon Jndlcator.

—DEWHALLEY'S METHOD-FOR-REDUCING - SUGARS—

i .01
013 STAND|ARD-C UPRAMIMONUM-SUL [PHATE /
o2 SOLIUTIONS|—
i et )
@
<
3l J
3 /
B Z
L,
5m 9
2
)
. u: . /_/

s ~

9 043, e~
T
ng-ﬁ
; oot
| roog 5 3o

a5 I3} Is 3G
—READINGS - IN-ABSORPTIOME TER—

FIG.I9
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“'“The reduclng actlon cf a mono-saccharlde upon

iFehllng's solutlon may be eypreused 1n.gencral terms

as follows«-lz If for thg flrst mlnute quantmty, Ba
of a wlven suwal a definlte amounh c. of copper is
reduced, then for any multlple n of 53 the welght of

copner would be-ne if the same’ concentratlon of

'1copper was: malntained. - The latter conslderatlon'is,

‘When worklng with. welghable quantltleﬁ of sugar, th1314~;g

’;.however, never reallzed in practlce and thh con~-

txnuous rnmoval of copper from selutlon the value ncvu,

~ becomes ne = (n-~ len-2+n-3... m - n)k; L

expre331on should be modlfled to -‘f

- nc - (n - 1) d - (n.- 2 +n - 3 LAY * n . nDk in

hﬂwhlch d is the dlfference betwcen the Welght of

copper for tne flrst two members of ﬁhe seriea &
and 93.", The valnea of d and k are found emplrlcally

and knowmng these lﬁ is posslble to construct tables :

far any of the reduclng‘su&ars.

Caleulatlon of reductlon tables for reduclng

IVpower of. dlfferent sugars is usually made by the

'“method of least squdres accordlng to the gencral

;Sformula y = A 0 Bx E C X~

2 in which x is the mg. of

gopper reduced by ¥ mg. of sumar &, B and. O are

constants. Hﬁvxng determined the values of x for .
10 or more values of y th& calculatlon of Ay, B and
C is done as usual. |

(From C.A. Bfawne,.A“Handﬁbok of Sugar Analysis, p:401).
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: uﬁﬁ‘ﬂécountkﬁf the Nature_of‘ofner*s and Berlin

- Institutets Solutions ahd'thetOriginal Expsriménts

carried out with them by their respective authors,

due to I.H. TANE

» The.actlon of Fehllng‘s solition on sucrose is
con61derable._& Ofner*s solutvon has very little adtion
on sucro*e. i.In the Czeehoslovaklan uugar Ingtitute
gome 464 samples of raw beet sugar were tested and
thelr 1nvert sugar content determlned by the follow»

ing five methods. The results shows -

By'Herzfeld‘s Method ?«%ﬁ,“ Q 0597 per cent,averaoe
) Plck*s - “'"” f~ t“~.04057V o " S

" Vbndrak-Czeray Mﬁthod S 0.088L- 0w
‘? Ofner's Mbthad ;l': --d;oém#Q-& " "

;ﬁ Ofnexr®s. shart Method ~ 0.0645 " "

_ wThe results as foundiby Ofner's method are R
'higﬁerfthan those.found:ﬁiﬁh other methods. |

Tue Berlin Institute Method was developed at the
B?;liﬁ.Iﬁstitute; usipg'Mulleits soluﬁipn, with beet
‘ sbgars.f’\The'méﬁhdd was éppiied to a number of firs£
product beet sugars'the results were in the range
":.015 ".054 per cent, When known quantltles of

’iﬁvert sggar were added to the quantities already

present,féffgr the determinﬁtioﬁ of the qﬁantitiéaf

present, the results agree as follows:-




”’QQ‘Q—'

INVERT‘%UGAR ADDED., ~ EOUND-

0.050 per cent - " 0.052 per cent
0.100 % v o.io5 [
0.200 e . . 0,220 " W
OA 506:. " ﬁ: 0.5%4 w1

Eff@ct of the varlous conditlons on ﬂhe reducing

ﬁ;actlon of 1nvcrt eugar and SUCIOBE. The reduclng-
action of these were compared under- the conditiohs-

of bomllng water bath heatlnw for varlous perloda,

‘.Wlﬁh excess of alkallne copper solutlon.of equal

_GOpperwcontent but dlfferent alkalinities, . ranglng“
from: that of Fehllna*s solutjon Whlch at the ten fold
dllutlon ‘had pH = 15 %o that cf ‘a. soluulon hav1ng

 pH‘ 9, 1t Was found that the lcwer the pH the slcwcr

the rate of” the reductloﬂ of sucnose. ' The invert
auva£ sﬁawed on the contraly a rapld rlse to a practlw_;
cal Ly constanﬁ value.”‘ The hlwher the alkaanlty of
-the reactmcg mlxture, the lower was the constant value,
but . the more rapldly was 1t attalned. ) At-pH’lO - 11
(that of Mnller‘s solutlon) or more ﬁhe congtant was |
| reached in ten’ mlnutes.‘“'”w

'Wiﬂh.Fehllng*s soLutlon, ‘the constant value
correapondcd to tha reductlon of about five equ1valentg
of copper per hexuaew "@1th Muller's solutlon to 6 |
and Wlhh a splgtlcn,pf gbout the same alkaliﬂity,aa_
 Ofnerts sclution'CﬁHﬁg 9),iﬁ éérrespanﬂed to abduﬁ
geven eéuivalent& of copper but regquired forty-five

minutes to reach constancy.




PART B,

THE. COLORLUETRIC DETIRMINATION

oR IRON LN_SUGARS.

Th@ aroblem of the occurrence of 1r0n in %ugar
: broductg 15 here dlscus ed Flfteen colorlmetrlc
methods of debermlnlng 1ron have been examlned with
pavtlcular regard to 1ron 1n sug&rs, and for several
of the methods graphs are plven for use Wlﬁh the

Photoelectrlc Absorptlometer.‘m
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IRON IN oUGARu.

Tﬁe presence of iron in boﬂh cmne and beet sugar.
'produots haa long been known. .
| The coloux of raw gane Jﬁlce is lar@ely dellved
“from 1ron.compounda of polyphenols. Steuerwald
(Archmef’vocr de Java Suikerindustrie, lgll, 1o,
1543._1,SQJ, (l912) 55) has suggested that the eompound
Sacchare%infiaolated by him from the sugar cane, may_:
be the cause of the 1ntense colour produced by the :
lpresence of 1ron, sxnce saccharetln forms ar. 1ntensely |
dark oompound Wlﬂh 1ron. '_ o

L. Brlant 1n hls“Texﬁbook~for Brewera" (1911)

3Lates Lhat not more than 0 005/ of FeEOSShouLd be

1present in sugars used for the best qudllty brewing
:products, and that O 025 Fe203 should be consuiered
3the max1mum amount allowable 1n any caset

?scheye (Centr.vﬁuckerlnd 32, luaG, 1924) asks
'AWhy cemtaln raw beet sugars cannot be Washed Whlta,
and flnds a cause 1n the formatlon of'lron glucinate
1n the: seoond carbondtatlon of the Julce.

'COLORATION‘OP SUGARS BY TRON SALTS: - lfere traces of -

iron aampqunds;iﬁpart a éafkﬁtiht to_§§¢rose,cryéﬁal&;'
fbrmeé-ihféubh solutions; ~~Thus Lﬁ“Bas%ide mentioﬁs a
>_case of yellow colcured sug ar obtained from syrup
thch had been flltered over %dnd contalnlng iron -
‘:(ﬂrchlef 1903, 954).

© Stolle determined the solubility of iron salts in -



;_yucrose soluuzons, and atabed that although Lhe S R

.W*L:?{$OlUbllltleS were ver lOW’ the amounts were more:
'-:thhan Sufflel@nt ta 1mpart a yellow or red colou?
fAfto the sucrose solution.ﬁ“l‘ |

’UTiRON ﬁ&ﬂ'” SOLUBILITY N &UGARS PR LITRB AT 17. 5°c./‘;;ﬂ5£

Per Cent 'eﬁ-?epr;cf‘\;l,f‘ Ferrlc o Ferrogo~‘fi‘“
. Sucrose, D Hydroxide . 0x1de o Ferric, '
10 ég@ffj5ﬂ”-"l.' e 103
- -2 L 124
50 2 5 1” "0.8m1ﬁ SRR Y-

- mon DI%SOlNED FROM fA@TQRY'LQUiEMENT-g; Geerlzgs

f (“Gane sugar and hts Manufactura“ Norman Rodger,

emarka ﬁhat sUgar from the

j*London,,lgzé, p zvo)fﬁ

7;commencemcnt of a cane~m11l1nm season contalns much s
more 1ron,than the sugar proéuced after the rust 1n the
‘»tanks and plpes has been washed away.

rrTIRON INTRODUCWD FROM?PROCHS% MATLRIALS. In Tefiﬁing

1_ 1ron may be 1nLroduced 1nto the suwar lmquora from thef'~*“

‘Eanlmal chareoal used. Qﬁfﬁsrflnltlally contalns about  ";
'QO 2 to O. 3 per ceﬂt cf 1ron Whlch 18 probably derlved S
 from nalla ete., mlxed wmth the bcnes.;? The iron 1n%
‘anlmal charcoal increases Wlth use of the chaxcoal by:.fiv

adsorptlcn\from sugar llquors, and from abrasion by %;:?

3 machlnery, and may Ieach a p01nt where the bone~char

:i:becomes saturated Wlth 1r0n and loses its power of reuf»”“

mov1mm lron from sugax solutlon.,

) Tucker (”Manuai of bugdr Analybls“ Tan Nostrand



5{”;18w@ p.&Oa) mentlons‘a‘

';ggfrom the Cane and Beetﬁ Longmans 1920) | He attrlbuteﬁf

111%526“”xf:f

1ncrease of 1ron in anmmel R
*,f?eharcoal fxom.o 18: pex cont to 0. 36 per cent durlng

A282 days of use. -

COLORATLONTDUE 10 TﬁNNIN” AND POIXPHPNOLD%

Sohneller h&s proved hhat the addltlon of ferrlc
salts causes very thtle coloratwon in solutlons of

. :Pure sucro e and glucose (Eerlot "Manufacture of %ugaf,_

”7the dark‘colour of JUlceS contalnlng much 1xon Lo the

"*7ff31multaneous pmesence of tannlns and polyphenols,

o whlch-comblne Wlth the 1ron. ‘It is known Lhat tea

-1nfusmon“turn&kdark,whenf1fde Wlﬁh sugar or Wnter

contamnlng more lron than normal, and”the above stateui

.‘ment is analagous to thls.
: Reduclng agentsﬁcause only a Lemporary'bleaehlng'
__of thls dark colcur{ the darkcnlnv of dlreet proceﬁs
sugara lS due to re- oxidatlon of traces of phenol=~
':Lroncom;pounda.w | ‘

Iron 1n the cane Julce één be - mlnlmlsed by’tapplng

the cane “low“ - that 15 remov1ng<more of the tannln

_centalnlng mpper Joznu& of‘ﬁhe pIant bafora mllllngs
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;fIRON DERIVLD TRON PROC? MATERIAD%.‘*'

;ﬂIRON’IN‘WATTR» Iron 13 one of the most frequent

.COﬂStJtuenLS of potable Water.i Thrash & Beale (Whter
(and‘Water %uppllea, Churchlll 1925 P 160) state there Ghid
-should not ba mmre than 0.5 part per mllllcn of iIon
.as earbonate present in a potable Waﬁex. ~ W&ter fox

n”breW1ng purpogeﬁ must be practxcally frce from . 110n,

and lt follows Lhat gugarq for brew1ng musﬁ also be
110n»f1ee._‘ If more than l nart per mllllon of 1ron
lS pre;ent 1n watcr dcp031t of “the oxycarbondte
results.-i Lo ) _

In the sverage sugar reflnexy procéss about‘3
tons of watex la used per ton of sugar melted, of
hlch,z ‘conm are used at the boxlers.; 1hus a refinery

meltlng 200 tons of’sugar per day Wlll use: 200 tons

fof water and 1f the ther contalns O 00014/ iron, this
o Wlll mean approx1mately 6 3 lbs. of iron per day
4,1ntroduced 1n ﬁhls waye h

LRON IN'DFTEOATLNG GHWMICAI& The avexage pex cent of ’

k'lron 1n the llme uged 1s about O 2 dnd in calclum

phosphaﬁe ("suyerphosphate”) abaut 0 5. - The amounts

*of 1ron 1ntr0duced to pxocess from these are small

'glnce only about 2 ewts. each of Lime and rhosphate

are uaed per 200 tons of‘sugar melted. The blue used

T*;ln the flnal stages of reflnlng to neutrallse any

 ‘yelloW't1nt in Lhc sugmr alao contalna iron.  Analyses

i X)



O Losee

‘,madéybyathe:aﬁthor~3howedAthe'following amounts of irﬁn;?
3§ﬁfa1ﬂ§yfbaaié.iﬁfﬁ%ﬁious'typéa of augar b;ue; ' |
- ihdanthreﬁeiblue pasté~l;01 per ceﬁt:ultramarine;blue
0,0Q?‘pér deﬁt:“gumaziﬁe" blue (Sodimm'chloride‘base)
0.019 per, eent. | Perllne blue .005 pe:r: cent. The
quanilﬂy cf‘blue used per ton of sugar is cxtxemcly emallg,
S0 that there ig not muou danger from this directions a
1L nust be remembcred, hawevcx, that this ia a diﬁect'v
~addition to the nearly‘flnlshed proauct. -

BALANCT; OF. TRON TN £y %UGAR RT“I‘II\I}'JRY.

In the follow1ng flOW‘sheet of a sugar réfnnery
'process the amounis of 1ron found by uhe uthor 1n
‘typlcal avexage ploductq are ahown (1n bx&ckets)
follow1ng each plouuct. ; The quantltles of sugar , 
pxoducts 1n each stage represent avezage ylelds foxr
good- worklng. (The aucrowe loaﬁ Ln manufactuxe ig
about 0.7 to 1 0 per cent. ) -

:The flgure& how that the bulk of the iron is
: washed 1n£o the qviup (raw washings), during the pre=
llmlnaxy anglnng and centilfuglng of the raw sugar.
The balance 13 by ne means exact, owing malnly to the
sampllng d:ff:cultles 1n'follow1ng one batch of sugar.
zthrough the . procea%. ’The ﬁalanée relatesito a melt of
‘Natal 9ugar. | |

It w1ll be noted that there is only about 5 pounas

of iron im circulation per lOO tons of raw sugar.




L a2es

ihe anlmql @harcoal appewrs to adsorb abouh

“half of ﬁhe total iron preseni, and most of Lhat

‘=lefﬁ goes out ‘in Lhe Lower produet sugar
&yrupwi' '

The house syrup lb of‘pH 5 o and 13

«stomeﬂ ln 1r0n~tanks ln a hot atmoephero'

;sone solutlon of the tank matcrlal taﬁes

‘It 18 xnown that‘such tdnkS wear thln 1n

~

w{lof some years.»‘

FET R

The r:se iR the lIOH contenﬁ of the'

‘f:s probably due to meltlng the raw-sugar

and golden

normelly.

where -
131&0'9. ‘

the courge.

raw liguor

iy filtér‘

i,washlmg Water and to galn of‘lron from process mater-‘

41als added.-A 3:

‘,Z

AAll analysea were made by*the sulphldc

7eolorlmetrlc methoﬁ‘ ,-f ?mn

W
L et
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; IRON BALANQT IN A UGAR RLFLNLRY’TOR 100 DPY T@N&

NAT&L RﬂW‘SUGﬁR@.

PRODUCT

% Fe

Tong of

‘Product

Lba. of
Fe '

Raw uugar

: RaW'wa”hlngs

‘tiCrystallluer
s nUgar f

| ! MO lc.! S@S S
. Washed %ugar
‘Raw quuor |

AFiIteled

- _RaW'quaar

A tdndard
Whlte 3ugax

;’Yellow-Sugarﬁ

A:ﬂ:House Syrap
'fi-Golden yrup o

faRefinca Liquor

. T¢1Ler Oake éi,‘j

‘{%o 0270_&*

Tfoéin
70,0035

an'éry

o, O@Oqﬁlf¢i'“}
‘1;1335010914?';1 g

o 0030"’1 e

0. GP7Q
o 0020 -
0. 0130;

On - Dry
100"
10

o &

on Dry

470

IR
| o.eo

0.64 |

032

i TN .
REETSIE E
o.o8e |
. zi0m
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- JRON IN RﬂW‘%UGARQ.

.By Sulphlde Colormmetrlo Method*

&nalyses maée hy)ﬁuthor.

ﬁll:rééaiﬁé on Dry Basis.

e s

ORIGIN R fMILLION %ww | a
ST DR I Fe “xlm‘ﬁ,*“é 1~;£@

- 0.0008

:_‘Javé'<;
Meurisigs 0 - | U 5. 7| 0.0005
Cpatel oo S| oer | o.0021

Pexru .. | s - 040006

San I)Gmlngg R e C).OQO?_‘




'.onw;%ﬂﬁhm oF 8 ﬁGARiﬁrFTNiNG'RROGEﬂ (ON DRY BA%IS) :
(, - 100 Lons RAW’SUGAR (o Oﬁzlﬁ)
R Y‘I B L D :

» 90" tons W@ﬁhed \ -Q}‘” 10 tonﬁ RaW‘Waﬁhlngs (O 018)
-~ rsugax (0. ooou) - N | _ =

/0.3 Ton loss N 6 h@ﬂs (0 0005) % tons .

.‘f,crygtaln‘ , MOlaases,{”;
o ligexr - (O 027/)a;pi
 gogear. ‘ 5 T

) : 95,? tone raw*llquar(o UQlé) Pllter ' |
Tlltér watar(——— IR —» Press - .
.l(O 642 ) 0.2 ton‘loss on filters = - Cake.;wm' s

,;;95 5 tonﬁ Flltered Raw Elquor N (O.ng)

5 (o oooa)
Over chan O 9/ losa

~_‘n vaaumn
Z'O 5 ton 108 1nﬁpana ete.,‘
(emtrainm&mt and unknown loss)

. \;94 3 banu reflned products
-*89 5 tons S U T .

Standard- *“f*‘ L _
white 3 ) Yellaw- T House,(o,ozvﬁ) |
granulated Tons) sugar U - syrup R
sugar (o 00016) (o ooa) = 2.0

1.9 ) Golden. (0. ooz}
tans) syrup sei ,

: All Pe results ca&cul&ted on dry basms,‘and maown in

'parenﬁhealﬁ.
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The\Colorimetr;c~Qgtgrmination‘of Iron.

The colorimetric determination of iron has
engaged the aﬁténtioﬁ of many éhemists onﬁaCCOuht of:tﬁe
numerous dlfflcultles encountered : |
In 1885 Thomson (7.Ci8. 1885, 47, 49) using the
well known thlocyanate reaction claimed . a gensitivity
. such that 1. part of iron in 50 OOO OOO parts of water.
ioould~berdetected. Thls reaction had been used
) %quantltatlvely as early as 1837, (H. Ossian Pharm.central
bla‘tt, 183’7, 205) | ’

Mbst of the methodsfor 1ron are of more recent

P development and many of the older methods have been

greatly 1mproved 1n the lagt twenty or thirty years.

’flThe volum1nous!};terature relatlng to tests for iron

‘f.requlres much:careful slftlng before the best method

 ’A» available can be selected for a 9iven purpose.

The great sensit1v1ty of some of the methods 151“'
almostvan embarrassment and specral prec&utlons have
t@ be taken“ﬁo avoid iﬁnﬁritiés in thé reagenbs used,

The method most generally employed for sugar
products is the Sulphldé colorlmetrlc method dEQC11bedb
by Eastlck, Ogilv1e, and Llnfleld [int Sug@r Jl 14, 428
';-(191?)] o o S R
. B Thls is. an adaptatlon of the suiphlde process due

'-z;o Winkler (Z.‘Ang.Chemle, 141 and 550, 1902): it is
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ciéiﬁed that it¢mayfbe'ﬁséﬂjﬁkﬁfeseﬁce“of the sugar
for cértaih‘prﬁduﬁts,’paffiCularly.the,light‘boloured.
«jﬁiqés‘and sugars of‘the.refihery.‘ |

" The aufhor”ﬁéed this method for some yéaré in?

reflnery work, “and was never entirely satjsfled with the

matehing of the Stdnddld tlnts Wlth those produced in the RN

sample.; In addltion, the preparatlon of ammonlum

“:-monesulnhide is troubleaome, and it must be frpshly made

"’to 1nvest1gate vaL

7ffor each serles of estlmatlons. It seemed desmrable,

.._«_\u‘ ‘— WAty

Aus methods of est:matlng iron to

v;:;gfdlscover ife p0331b1e an alternatlve procedure: Wthh could  ﬁm-

s also be used 1n presence of sugar. It is obv1ous that

Af* ‘a method which is. not 1nterfered with by the. presence of:- i

éVsugar would be 91mp1er and more rapld, snneedltquuld,.
’;'elimlnate the tedlous abhlng of the materlal.l
It is also apparent that Where colour is already

S “present 1n the sample, great acouracy could not be

“h"ex@ected,




‘ M235m 3

“Requirements of a Golorimeﬁfic Method. -.

| The conditions which sﬁbu1d<exist_ih'a good
coloiimetric>§rbcedure.are herefenumerated‘(abstraoted-
from J.H.;Yoe;ﬁPh§tometric Chémiéai,Anaiysié" Vol. I.
 Jomn Wiley'lgéa;-p.ﬁ et ség);

¢@1)5?Colour produced. by the. reagent must be characteristic
BT r$of the test substance. :

b (EL_ Colour produced by reagent and tESt substance
" should:pe the only colour present in the solution.

¥;1(69M;0010uv produced by the reagent must be re&sonably

: (4)71Nelther colour nox 1ntenslty of colour produced
o by test ‘substance and reagent .must be affected by
_electrolytes’likely- to be- ‘present - i, e. pHmay =
have to be adjusted’ carefully before comparlng.?

”(5)K Colour—inten51ty should vary dlrectly w1th the
R ;concentratlon of the ﬁestnsubstance.

(6)  Colour should Be easy to distinguish and mateh
o ;-'e g. ‘blue s red green. |

‘(f)i4MBthod should be . rapid, accurate, and sensitive.

Object of present work' With the above consideratidhs

1n mlnd,tests were made Wlth severql colorlmetrlc methods
of:determlnlng iron Wlth»the object of flndlng a method
Whichfmight~be“aﬁ improvemehtfon;thélexisting_sulphide

procedure.
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Quantltatlve Colorlmetrlo Analyszs.

The bosic principle of colorimetric moasuremohts
'is the comparison under standardised conditions of the
colour produced by4the subsﬁanoe in unknown amountu
with the same:’ ‘colour produced by a known.amount of
the material belng examlned

There are four’ general methods of making this comparisons-

-(I)T The Standard Series Method:~

o The test solutlon is made to a definite volume, ond
its colour oompdred W1th a series of sﬁanda?dS'similarly
prepared In oertaln cases germanent standalds may

be made ug from 1norganlo salts.

(2) The Duollcatlon Method~-l A standard oolublon of

the substance under examln%tlon is added to the reagent
untll the colour produced matohes that of the unknown

Sample in- the same volume of solution, This is less

accurate than method (1).

(3) The Dilu@ion Methods-

The sam?le and standar&~are observed horizontally
through Nessler tubes of the same dlameter and the
strongor one 13 dlluted untll the colours match.’ The
relativo concentratlons 01 origlnul qolut:ons are then

prooortlonal to the heights of the matched SOluthﬂo in~

the tubesr
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(4) Thn Methad of 5alanc1_g.q'

The height of 1he lquld in one tube is adgusted
S0 that When both tubes are observed vertlcally the
oolour 1nten31tles 1n the two tubes are equal.

If the concentratlon in one tube be known, ﬁhét
in the other 1s calculated from the respectlve 1engths
of the two columns of 11qu1d. 

In praotlce these concentrations are not exactiy
in inverse nroportlon to the lengths, partly since
monochromatlo 11ght 13 not empleyed, and partly because'
of chemlcal changes Which may occur on dljutlon - €. g.
increase 1n degree of 1onisation.‘53w

For accurat@ work by ths method the solutlons
4compared should not dlffer greatly 1n concentratlon,

and an . Pmplrlcal OdlibrdblOﬁ curve should be constructed

vtOther Methods | |
| In the Lcwfbond Tlntometer dnd the HPlll”e comnarator
_the bOlOHT of a solutlon is matched agalnst coloured
glasses Whlch &re standardlsed to show parts per

million of the eubstance belnp eqtlmated.

By the use of photOHelecfrlc cells comblned with
‘_sultable llght fllters it is possnble to attaln thh
sen%1t1v1ty and in many cases a stralpht llne
calibration curvehln agreementuwith the Lambertmﬁéer Law.,
A coiori@@tﬁicfdéﬁefmimétion‘by this means is thus a
- pfeéiseXphyQ;éﬁl‘ﬁeaSurement ihdependenﬂ}offthe judgment

and idiosyncrasies of the human eye.
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lHL ﬁPuKKER PHUPULLLCTQLL ABSORPTIOMElhRg

A numbar~of dlzferent systems may'be, ‘and are,"
~ used in “photoelectric colorlmeters.“. - An some

'systems no. pruv151on is made fbr ellminatlng the

»_ieffectS of fluatuations in the voltage supply to

'»Mthe lamp; - con&equently it must either be run frcm

'some spe01al, stablllsed c1rcu1t, or else the.
~j l1ab1l1ty o small unrecognlsed errors arlSlng out
of" voltage fluctuatlonu must b@ accepted. . The

-system.used 1n the bpekker AbSOrptlometer ellmlnates

"wthe efject o these fluctuatlons and thus allows the .

mlnstrument to be run rrom the mains supply.

ln other systems, althougn prov131on 13 made tor
{jthe ellmlnatlon of: the efiecta of malns Lluctuatlon,
Tthe reproducmblllty oi bhe readlngs depemds on-

certaln assumphlons concernlng the 1nten51ty»current
:characterlstlc of tne photocell used, and these
'assumptlons may be 1nva11dated by changes occurrlng

‘as the cell ages. | in tne bpekker Absorptlometer the

‘ arrangements are such that hhe readinas are 1ndeoendent
“of any assumptlon concernlng the linearlty of the re-=
~sponse of. the cell which is. used merely as en indicator

‘, in 'a null method.
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FIG.20

LENi LENS

CELL - 1L

]R LAMP VARIABLE

diaphragm aperture

—OPT ICAL-ARRANGEMENT-& PHOTOELECTRIC

CIRCUIT : '5PEKKER' ®AB50RPT IOMETER —

FIG.21



The ohlef features of the Spekker Photoelectric
-Absorptiometer may be summarised as followe- '
(l) It i1s run directly from the electric mains
. | supply - no batteriae are required. . |
(2) The readinge are independent of fluotuations
‘  in the mains eupply. | |
(3) ,The_photocells_are of the”"rectifier“'(erv
T “ﬁf"sberrschieht") type and are extremely
L | robust and- durable. |
o idé).wahe 1netrument readings are not affected hy e
N variations in the sensitivity of the cell
| or of the galvanometer, since 8 null
method Lla employed. | \
T(E)Ef?The galvanometer which indieates the pheto- o
T electric current is a robuet pointer
instrument and is used as a null indicater. >
-;éﬂéj"iﬁeadinga cen be taken with as 11ttle as
1_~ R 7c.c OF llquld. _A " - o
_.?;(7) a;Although Lhe instrument embodies a properly
o designed optical syatem there are ‘Pow
‘eptical surfacea to be kept elean. |
"(8j‘ The'calibration does not depend on the use-
| oﬁfwedges,.which are not readily made
:aecurefeiy:and usually showjindiv;dual

.variatienSQ
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(9) - Independence of the v1sual Judgncnt of

the observer.

(10) Freedom_frpm_thgunecessiiy of having a

standard solution against which to
compare Every test solution «mﬁii&

necessaty Wlth v1aual "colorlmeters“)

utandard solutlons for a glven test

are. prepared and meaeured on flIuL use

3of Lhe 1nstrument, and need “he repeated
Lfonly after long inﬁervals.. (Some workers
'1nevertheless prefer to make a: stgndald
f TS0lUtl0n.Wlth each batch of test solutlons

'7;as a-chegg;qncthelr~rputine),
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PERCENTAGE_TRANSWISSION PIGUKES OF FILTER SHI H.455 .

| - Blue~ :
Red Orange __Green  Green  Blue .
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i
[
D
~2
t—J
o9}
®
iaY

o4 -
AL -
A4
46
» 48
, 50
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.54 15,9
.56 47,3
.58 0.9 75,8
.60 15,9 . 81l.4.
62 70,8 83,3 -
.64 93,5 - 84,0
.66 93,6 - 84,6 -
.70 93,5 85,77
.72 93,5 - .86, o ;
74 93,5 86, 3
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These are averagp flgures and do nou necessarlly hold to

: Wlbhln a 3% for any nartlcular fllter.
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go Ebr llght ef a’ glvén 

wBABe

,YCBEER-LAMBERT I&W‘l& obeyed by uolutlona 1n whlch“

no alteratlon Jn coJour 1s caused by chemlcal
' chdnges occuxrlng -on* dllutlng the solutlon.

j %TATED MATHﬁmmTchLBY; 10 -1 x 1oe°d

‘}<Wh¢re 1 = Inten31ﬁy of the 1ncxdent }1ght
oy a jj”:n; 1 'iﬁﬁfg5 mergent llght
‘ &4.¢_;'congentrﬂtlon of coloured aubstance

F'Qfdfskthe thlckness of SOlUulOH o

,mf’for a glven ane length of llght.~

(Log Io)\é absorptlon densvty

A D.»~zgc,. ecd

wave»length the absmrptlon

&s;

}(d@ﬂﬁlty for a glven thlckne%b of solutlon 18

";ffﬁlrectly ploportlonal to ﬁhe concentratlon of

' Ethe GGlOUfed ﬁubstance.

,w For A c -: ecd &Ac,,_ ec.a

RS O 1501

N+ Strafford, A@alysﬁ;-vdl.ﬁl; 1936, p.170.

w":acﬂ.em.x.‘usl.:r: extJnctlon o~ efflclcnt el
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fSen51t1v1tv of Test

.% The follow1ng deflnltlons of terms uéed in- expresalnv
the results of micro~chemical qualltatlve tests ("spot= testé")-
are’ extracted from an Instltute of Chemlstry lecture bJ
Brlscoe and. Matthews (1934)

In dellning the sensit1v1ty of a test. several torms

are used.-"“

(1) The lelt of Identiflcatlon is the smallest amount

recognlsable, usually expressed in mlcro~grammes or

gamma, one aamma being the thousandth part of a mllllgramme

”75j1;or one mllllonth of a gfam (0 000001 pm)

(2) The Concentlatlon lelt is- the greatest dllutlon in

Whlch Lhe test gives p051t1ve results- 1t 1s,expressed~

‘»>=ﬁ_ao 8- ratlo of the substance to the solvent

(3) . The Proport;on lelt... meanlng the 1east pxoportlon

of "X"”which can be detected by the test in the presence“
of another Speclfled constituent‘Y |

These values are by no means fixed quantltles for
8 glven test ~but are largely dependent on the method

;of carrying it out,




PUBLISHBD uENSITIVITILS OFFTHOTS FOP IRON,

- OS

Method -

Limit of

- Idenuiflcé~‘

. tion.

4

" Goncentration
" Limit, ‘

‘Reference

)5i1.jAé¢£y1{acé£cne

‘2. Alioxantin :

‘B Ammonlum

sulphlde
4..
: 5.'2 3

resor01nol

‘Quinoline

/ Pota851um |
- 'Ferricyanide.

‘Potassium - ¢ -
Ferrocyanide - ¢

Pyramidon’

~10;Pyrdcaté¢hin.

ll;Salicyliq;Abid

Dlmethylglox1me .

4 Di- nltroso'

'V«Iodo 8~Hydroxyff“
’[-5~3u1phonlc Aéidf,'

'W% Q{i'*jm

3.0

, 5“2Q;Ou‘; ' :

10,0

12, Sulphosallcyllc_}m‘u -

‘Acid

lo.Ammonium

Thiocyanate
14, Thloglycolllc
- Acid

V 15.°§¢¥LDipyridyl

10.0

2.5

2,000,000 ':
fﬁl‘- 125,000

~?110 pdrtS)“'.7?
“~Tgkper mllllon

L m ,,
|+ L million

1 in 2 million

1 in

3.5 parts per
"mllllon :

T;@ﬂ“l part
|.per.:-
’“ﬁmllllon

|1
' 161¢300 ‘

-

11 in

»2003000
1. in. -
10 million

1 in
1,660,000

Felgl,

‘(10(.:0

ali'éﬁelgl,
T R s B 13 000 OOO

“Seott
. Method of chem.=,
. |rAnalysis" P.223.:

’:Telgl,

Combes(lod>bit'jf

WRew tenths of
a mgm per litre"

| mastick et al
‘w(-(loc. city)

P. 93 |

‘Nlchols & Cooper
clt -

ﬂ<Methods of -
| water analysis -

(loc. cit. )
P 93

(Balley "Efeweﬁ'c

1-Analyst" Kegan. -
| Paul 1907). e

4 He ! A
“(locs eit,) . -

van Urk

Bernouilli.

(Loc. cit. )

"Standard g

Lorber (loc.cit..

P.93.

Leavell & Ellls
J.I.B.C.Anal.Ed.
Vol.6.P. 46(1G§4)

Feigl, P.93
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 MBTHODS 1NVESTIGATED.

The methods selected for study. were: chosen as belng
'representatlve, but they by 0o meansg cover: all the |
methods which have been proposed.

) “An extensive bibllography of iron methods is given
ilauby Yoe: (loc.vcit p.613). (upp glbljoqraphy)

It was planned to observe the follow1ng data for emch _

N method.n1'

";(1) Colour gradlng of standards..)
ﬁ5f(&)g‘Fad1ng of standards.;;

n;(%)tiszeitaken to’ developzmax1mum colour.

’“(@5E5Effect of Tﬁivalue::adJustlng by buffer 301Ut1°n$'f

»ﬂEffect of raw suvars.;?

‘553ensitlv1ty of method. | =
Thé.questlon of 1nterfer1ng substances other than
.suéar, st not dealt w1th, as thas already has been |
stabllshed for many of the methods. ‘r
” A short descrlptlon of each method 13 given, Wlth
details of the experiments made.

- The methods examlned are summarlsed on the next

two pages.
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'SELECTED_METHODS_FOR_COLORIMETRIC DETERMINATION OF IRON..

- Method

‘Reference

\Reagents required

l,Acetyl-Acétone‘

105, 868 (1887) .

Combes, Comptes Rendu,

0.5 per cent acetyl

"acetone in water or”

weak alcohol.: Red-
colour with ferrlc
salts. ' S

z,Alioxanﬁiﬁ.ﬁﬁ‘

G- ﬁeﬁiggé‘

Alkallne T¢rtrate

Sulphide ° -7

7 Ansi. Chem,.
41, 550 (190?)

<yj;;00mptes ‘Rendu solution: :
01925, 180, 519, . | Alloxantin. Blue
:J.C.84 _1925, 1284, ‘colour with ferrlcj.
- K ’ ii;*441 o . balts. ( e
'3;Amﬁdhiﬁm’“g.;wﬁ~ﬂL W Wlnkler | Freshiammoniﬁm |

sulphide solutlon.< 

| Ferrous salts give a

brown colour

4 Dl-Methyl
Glyox1me

QTschugaeff and
‘% AOrelkln,i
ﬂex401, 11914)

ﬂnorg Cﬁem 89,Fw¢,v

‘gsat.

Dlmpthylglyoxlme . .
in 986 per cen-{;‘
alcohol. Red colour .

‘,¢W1th ferrous salts.VA

ResorCJnol

/;Nlchols & Cooper
i Am.C, S 47,
¥(1925)

4 5 2 4 Daletrogd

1268

Hot saturated :
solution of reagent.
~QOlive~green colourluh
-w1th ferrous iron,

6. 7-Todo
- 8~Hydroxy.
Quinoline

A01d

J.H;Yoe T Am.C.8.

D bulphonlc o

4139, 1932

Aqueous solution-
of reagent gives a

stable green colour
with ferric iron., -

T.Potassium_::
{ Ferricyanide

Association, .New York,
| 6th.Bdition 1925,

Methods of water anelysi
American Public Health

':E}n 4:9. :

s Freshly prepared

potassium ferri- -
‘cyanide solutiong.

0.5 per cent, Blue
~colour (Turnbull's

blue) with ferrous
_diron. '
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S MLTHODS FOR IRON (continued).

;;”MEthOd“,f‘ 3;‘ . Reference

Reageﬂys‘feqdired"

8 Potas ium | T Carﬁelley, Chem,
Pevrocyanlde News. 30, 257 (1874).

0.5 per cent solution

of potassium ferro- - -
cyanide. Blue colour
w1th ferrlc salts.

9. Pyramidon - '|H, van Urk (Pharm_
ST | Weekblad, 63, 1121,
1926. ‘ T

1 per cent Pyramldoﬁ
solution. Light.

mauve colour with

ferric salts,

lO Pyrocateohln',AA. Bernoullll,;"*
(C&teohol) " | Helv. Chim, Acta_w
| 9,827 (l926) ‘

izpér cent solution

in water. Dark green

11}Saiicylic |4, Vogel.

;colour oroduced.

Saturated solutlon

‘5Abid_;g¥¢qi¢-‘thom._Zentr. 3¢§;i of salicylic acid
ST g"(1876) o (0.15 gin, per 100 ccs..
) at 15°C., Red colour .

, e _ with ferric iron,
W¢f12 Sulpho~fii I Lorber.‘ff;Vf ‘20 per cent sulpho--

sallcyllc ,7ffBlochem. L.,18l, 391
AC 16— SR )'19?7 @ T -

salicylic acld.-
10 per cent ammonia.

"Yellow colour with:

13 Ammonlum ; iﬁgH Sfokes and
Thlocyanate %ffJ R.. Cain., J. Am.Chem..
« 1 Soc,.:29,:409 (1907)

(extended study)

_total iron..

4 per cent solutlon

of potassium

~thiocyanate. Red

colour with ferrlc
iron,

14, Thloglycolllc R, Lyons. J.Am:C;S.
Acid. 149, 1916-20 (1927)

4 ccs, Thioglycollic
acid added to 8 ccs.
conc., ammoniain 50 ccs
water. Red or purple

.colouyr with ferric

salts. in alkaline

15. cic* Di- pyridyli F.Blau. ih, chem.
19, 647, (1898)

“‘solutlon.

2 per cent gsolution in
dilute HC1 or in
alcohol. Deep red
colour with ferrous
salts.
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DXPERIMENTAL APPARAT Us :-
| ATheaobserations of colour gradin@sQWéﬁé'ﬁade iﬂ
Nessler, glaés@s; pl&éea in qténds having a whité glass base; ~
For accurate matchlng of sample Wlth standards a -
stand was designed and constructed which held four
Nessler glasges 1n pa,lr,s . A prlsm Wlth eyeplece

\ 5served to brlng the flelds of the sample and standard

f“frtogether.a% Thé;arrangement Was modelled on - theﬁmwibmm&

or Helllge type'ofgﬁ{compavator, a photograph of this
’apparatus 15 shown on pagezil ‘

Thls was found to be very us eful, and permitted

J‘"f"fuﬁof very close matchlng. 3

The plpettes and flasks used were re-callbxated atl
1500 , R o
ﬁ*ﬁ{ As far as p0331ble all colour matchlngs were made

WJth the same inten31ty of llght
STANDARD IRON SOLUTIONS;-

A llst of the standard 1ron solutlons recommendedA
 for the: varlous methods is here glven, with an account
fof an experlment,carrled out on the hydroly81s of iron

" solutions on standing.’
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STANDARD IRON SOLUTIONS.

Gms.

Fe

Feo (80, . -

Method - Reagent
per content
litre. | per cc.,.
_ ' . Jm.
Dimethylglyoxime | Ferrous ammonium sulphate
Acetyl ' . ] ;
0.1404 | 0.00002
Acetone ( )
Potassium Ferro~ | FeSO,6 (NH S0 . OGH.O
cyanide 4 4°2" 4 &
Ammonium Ferrous sulphate
Sulphide FeS0,. 7H,0 110.0 0.002
in_50~60% sucrose solution
Potassium Ferrous.ammoﬁium sulphate
- E 0.7022 | 0,0001
Ferricyanide :
Sulpho~ | Ferrous s_u1_‘;‘3];15;‘[:e.,~'~-i . 0.4978' 0.0001
salicylic or - ol _ e o
acid Ferrous_ ammonium_sulphate 0,7022 | 0.0001 '
Salicylic'N T, -Ferric ammonium sulphate B
e - . ‘ A | 0.0864 | 0.00001
Acid Te,(80,). . (NE o400 |
T z‘goé)si(mﬁ4)2394 24H20
Thioglycollic ™' | Iron wire 1.0 0.001
acid B ; - N
Thiocyanate Ferric potassium sulphate-
’ 0.315

0.00%5

In all iron solutions it is advisable to add sulphuric

acid to prevent hydrolysis of the dissolved iron salts to

insoluble basiz compounds.
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STANDARD BUFFER SOLUTIONS.

- In connection with the use of buffers, two sets

of standard buffer solutions, having thé Fokléwihg i:7

composition, were made up and standardised by the glass

gnd quinhydﬁone electrodés.

vy
I

SERIES I.

‘Composition

pH

SERIES II.

Composition

SIS
* . ®

® < o o & »
L ]

9.

p.

NeOH / KH,PO,"

0.

HC1 / KC1
HCL s KC1

NaOH "/ Phthalate

L L IR S S | N
2 . Nt

" o
" "
" "

NaOH / 'Borie acid,

" "

HC1/ Na, CO,

S

-t

}Acetic acid/%bdium acetate

S "

T . "

fBérax/boricﬁaéid/NaCi

Rl 1] . n
i |
-

Referencess-

I, Julius Grant "measurement of H-ion

concentration", ILongmans, 1930, p.l1l42,

II. Lowry & Sugden "Class~book of Physical
Chemistry," McMillan, 1930, p.3785.
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Solutlons were prepared contalnlng lO ccs."of

standard Jron uolutlon and 90 ccs. of standard buffer

solutions. These were 1eft standing for 3 monbhs

(Julyaéeptgmber) and examined.

Iron

2.| 2. 0.0001 -

4.1 4. o.0001

7.| - | 0.0001

g.] - | 0.0001

;hC%i*HL; 

Aﬁe@ic acidfjJ
o / sodium acetatel -
5.] 5. | 0.0001 |
6.| 6. [0.0001 | w-.
~|No Buffer

10,10 ce.-céne.

|Suceinic” - |
acid-f borax -

W Sw

HyB80,

No. | pH eoncn;" Buffer L -
: per c¢c..|solu- ‘Result after 3 months
solution tion 1 -
M. s w . T
1.] 1. 0,000l:;»KCl+~ﬂCl ~+ -| Colourless: no hydrolysis .

LU n o ]

Basic compound precipitated

Brown colourz no precipitate-

JB&Slc compound pr601p1tated°-t
‘:more than in 3. :

Ba31c compound precmpltatedf -

| more than 1n 5,

Hydrolyo;s: Yellow

precipitate.

Golourleés: no precipitate. -

It is evident that at 1 or 2 pH the hydrolysis is

supressed suff301ent1v to-: glve the solution good keeplnw

propert:es. It is- recommended that standard iron solutlons .

for pH work ‘be. made up in this Way with standard buffer .

solutlon of 1 pH.

This Will be

found advantageous.where

a reagent sen51t1ve to hydrogen ion concentratlon is being.
used. The usual haphazard addition of acid to give iron
solutions stability will be avoided.
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DLTPRMINATIOV OF IRON

Method (L):~ U51ng Acetvl Acetone. CHz.CO.CH, co . CH

Acetylwacétonezgives a'red-coioration with ferric
salts by formation of ferric acetyl-acetone due to the
replacement'§f>eﬁolic hydrogen.;; Aceﬁylgacetone is a’”'

colourless liquid: b.pt. 137°C,

Reagenﬁs.n Acetvlnacetone -"“ O 50 per cent solution is

made by dllutlng freshly dlstilled acetyl acetone with -

water or dllute alcohol.-

Standarg Iron Soluﬁlcn:-{ 1?§c. equals 0.00002 gm. of

iron.

Prodéduféés':Tﬁe sample ﬁaken’shduld contain 0,00005 to.

0.000086 gm: Fe;‘- It 1s placed in a. Nessler tube and
2 cCs.” of the ‘acetyl. acetone reagent added. Standard
tubes contalnlng known amounts of iron plus 2 ccs. of

\: reagent are matched Wlbh-the;gample.

Notes:~ ~ The smallest amount of Iron which car be detected
flsv@iven by Lyonav(loo cit.) as O. 000003 gm. 'Nitrogén
oxides give a brown eolour and must be removed., Alkali
and acids destroy or change the colour. The colour is
stated to be quite permanent, and is only slightly

altered by strong-sunlight. The colour does not vary

uniformly Wwith the height of the column of liquid, so the

- method of balahcing cannot be used in comparing sample




: and standardé. The amount of free acid,pfesent must -
_befthé-séme ihksaﬁpi§¢and;éfaﬁdérds; | |
InVAQueoﬁgisdluﬁion)the feffic acetyl—acetoﬁe
complex is only'sligh@ly ionised} but it*hydpolyses to

ferric hydroxidé.
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UE THOD (1). ACETYL ACFTONF - EXPERIMENTAL,

(l) ,Test Limitg:a Standards were prepared using a

ferric alum éolution‘and a 0.5 per cent solution of

'acetyl acetone. 2 ces. of reagent used in each case.

No. 'Gms.‘Fé"? Parts  ?.2%';“ o
- present’ . pep Fe in ; © < Remarks,
'in 50.ccs. million: 50 ces. SRS

(1) 0.,00001 - -0.2° =10 ' Almost white: yellow
e e - ... . compared with water.

(2) 0.00002 - 4 . 20 ° Pale yellow.

(3) 0.0COQB ¥:u | 30' Siightiﬁfdarker yellow,

(4)- 0,00004 ° 40 Yellowish pink.

71f%0 o woo "

0
0.6
0.8
(5) 0.00005 1.0 . 50 . v ow
(6) 0.00006 . P 2
2.0

(7) 6;60016 : .jjloo  Salmon pink.

- Each sample was made to 50 ccs.,ln a Nesgler glasg.
Standard number seven. Was stlll of the same colour

after three days. Below 0.00005 gm. of Iron the colour

- was not dlstlnctly pink and thls woula appear to be the

Tower limit of the test for quantitative work,

(2) Effect of Buffer Solutions: optimum pH.

Nessler glasses were prepared using carefully standard- .
ised standard buffer solutions and adding to these 5 ccsg of

the acetyl acetone reagent and7b,00005 gm, of Pe in each case.
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(2). o |
LEFECT oF BUFPER SOLUDIONQ ON_ACRTYL~ACETONE

REACTION WITH IRON

No. “pH of. - . - pH of solution
- . .Buffer Remarks. after mixing.
solution : -

1 .10 Pk 1
2.0 » l Orange- Plnx _ f£5' 2,0
3.0 - .»Lj'Yellow1sh~orange pink - 2.8

407 | {:“ﬂOrange~yellow ‘,‘{i 3.7

%fisyofAfi: o Deeb yellow S ‘ - 4.9

6.0 © ' Pale yellow 5.8

R s T S R Y

7.0 7. Paler than (6)  6.75
8.0 . om0 7.6
9L0 e o wowi(g). 8.9

10 ‘(1i.0‘ ff“ Almoat colqurléés f}!* 10.8

© o

11 5 ecs. 0.2N R —

: HCl added. ,Deep“Pink:_. 4 * Below 1,.,0.

18 No Buffer e o '
(blank) Dirty orange~pink. - 3¢3

The distilléd ﬁater used had a pHm?alue of 6.7, ,h
and thedrdﬁ-solutibn aslprepared showed pH 1.6. |
There was no evidence of fading after 3 hours.
pH is evidegtiy‘important here: it showid be 1.0 pH

or below, and always in the acid range.
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ACETYL-ACETONE: - (3) EFFECT OF SUCROSE ON_COLOURS PRODUCED.

Standards were made with the addition of varying

amSUnts of sucrogé; The iron present was 0.00005 gm.

for e€ach tube, with 2 ccs. acetyl acetone reagent added.

Blank

No. Gus. o ,X“ . - o

© - Bucrose . Fe - in = - Remarks.

' 50 ccs.

1 ‘O.§§§L:" '5§i"rl L{Géloﬁr gradatlon was good
2 fl;25f ‘ 50 | - but the. colour in the blank
3 2;561": < BO ”';¥ ﬁ}%NQ?6);WaS distinctly darker
4'-‘1m5,0 ) 50 - jyvn_fhanie§en No. 1. The solutions
5 10,0 50 . containing 5 and 10 gms. of
6 50 T égcrbsé'were colourless.

The above test shows that acetyl acétone,@s useless in

presence of sucroseyy

(4) ESTIMATION OF IRON IN Asn OF SUGAR PRODUCTS USING

ACLTYL—ACBTONE
_ Per cent shown_ on original Droduct
No. Sample % A S . % I R O N
— (1) (2) (Ll _(2)
1 EBgyptian :
molasses 13,49 13.33 0.0022 0.0028
2 Natal - :
molasses 11.84 12,03 0.032 0.018
" 3 Java Raw o .
sugar 0.54 0.55 0.0010 0.0013
4 Demerara Raw _
sugar 0.37 0,38 0,0008 0.0010

(1) and (2) are duplicates.



~259-

Determination of Iron by Acetyl-acetone.

Readings indSDekkex'Photoeléctric Absorptiometer.

No. ©Fe P.P.IM. Fe Mean-Scale
: o ingﬁo cCB. Readihgs.

450 . standard

400 . 026

- 350 - . .03l

300 ;7 - .038

S 260,043
R00 . .050
S50 . . 060

. . vBO . T . ,086 .
R LN .100

THDUAOTO DO -

-0

OO DTG O G

—ESTIMATION Or IRON®Y ACETYL ACETQONE—

—COLOYR={ FILTE R—~|
\ 2B

DY

w —IRON P.PM-—
/

8

_ > |

. - & - .
~READINGS IN ABSORPTIOMETER—

G
»)

a2

|
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ACEEL‘YI;* ACETQNE’ i 'GEWR‘AL com‘cgﬁsioms.

| The reaults for 1ron in the ash’ of sugar products
are satlsfactory. It Was observed durlng these tests_
_thatzthg_reagent dia not deteriofate on standing for.oﬁér éf"
'thréefﬁbﬁfhé? freshly prepared and three months old ‘
<solutzons gave the same results.‘ ‘
The method cannot be used in presence of sﬁgar*l

the limlt for quantltative estlmatlon appealq to be -
0. 00005wgm. Iron, and the pH V@lue 1s preferably kept

?

below 1 0 for the best development of colour.

gﬁg:g X Gamma is one milllonth part of & gram,
equlvalent to O 000001 gm. Thus in the above experiments
0. 00005 gm, of iron represents 50 gamms and also is 1 part

~ per mllllon 31nce 1t was made up to 50 cos.
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DETERUINATION OF IRON:-

Method (2):~ Us;ng A&lgxdnflg¢ 08H6O81\T4 2H 0.

| Alloxaﬁtln gives a blue colour with ferrlc salts
1n-alka11ne fartrate solution, The sensitivity is
sald to be 1 part pexr mllljon. A violet Dlue

precipitate is given with Baryta ~ water.

Reagentsi~ él;gggggig. 0.1 gm, disSdived in 10 ccs.
of N/i caustic soda, If rose;qoloufedfit is boiled

and then cooled.

otandard Iron Solution' A féfric sélu%ion is-seleqted.

Procedures= The colour produced in:-the - sample tube:

is matched wzth st&ndards._  The blue colour is distinet
when 1 ce., of the alloxantln reagent is added to 2 ces.:
of a golutlon contdlnln% O 001 gm. of Ferrlc Iron per 1lt£e.
| The lowesL llmlt of sen31t1VJty 18 a few tenths of a-
mllllgram per 11tre (Denlges)

Tartarlc and.. oltric acids which. hlnder the reactlon
of iron with sallcylic acld,,thlocyanate or ferrocyanlde
' do not seem to interfere ﬁere, and eVéﬁiappear

favourablé.
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METHOD (2)s- ALLOXANTIN BXPERIMENTAL,

(1) Test Limits:~ 1 gm. of reagent was dissolved and
made up to 100 ces, with N caﬁstic soda. The éolour
of the solution was a ver§ pale green, and the salt was
difficulﬁ.to dissolve. |

Standards were made up with'varying Iron content,

using 5 ccs. of the alloxantin reagent and making to

50 ces,.-in Nesslér glasses.

- No., gms, Parts L Remarks.
Fe- . per - Pe in
present million 850 ccs.
in 50 ces. . - - T

(1) 0.,000002 ©0.04 2 ) Very 1itt1e differencé
(2) d.oOoogs 0.1 6-‘ [ ~between these:
(3) 'OQdQOOl 1 0.2 u;ol. nevertheless detectable.
(4) 0.00002 Q.4 ' éOff @;:Sharply distinct from
(5) 0.00003 0.6 B0 ) ?97 ka
(6) _ﬁo.ooddét f 0.8 ':"40, .

o R ' R Colours well graded.
(7) +0.00005 = 1.0 " 50 “ |
(8) - 0.00010 - ‘g,d”: 100

“'The colours appeared to be fairly permanent;
there .was no fading after 2 hours, The real blue
colour only commences at 20 gamma, and the sengitivity
can be taken as commencing at this figure.

(2) Optimum pH:~ Standards made up with Buffer solutions
of known pH with 0.00005 gm Iron and 5 ccs. of saturated
alloxantin reagent without caustic soda, present in

each case.. '
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(2) EBEFECT_OF BUFFER _SOLUTIONS ON ALLOXANTIN REACTION

WITH IRON.

No. pH of Remarks. pH after.

Buffer - mixing.

solution
(i) 2.0 Colourless - 2.1:“
(2) 4.0 " 4,05
(3) 6.0 jgf;y\[f : . 6415
(4) "‘B;b' “M m¥eIi§ﬁ5gféén.l rEJHC 8.0
(5) 9.0~ Green _} 9.0
(6) ?sll~0.;53V5iﬁérk"ggeéﬁ ;~ :‘r 11.0
(7) . No Buffer J}"f'f“t ; i? L R !fj~; l

(blank) e R

. Next mornlng ali éhe tubeélwere 1dentlcdl 1n5
acolour, numbers (5) and (6) belng sllghtly more’
 yellow than the others,‘;Lhe-gener&;_golour was;aﬁ
dark green. o -
Thls reagent appears to be much better in'the
alkaline range, the development of colour belng hlndered
by acidity. In above exnerlments the oolour developed

‘more freely pn_standlng.,

(3) Effect of Sucrose on colours produced:-

Varyihg'amounts of sﬁcfose'were added’to‘Nessler
glasse% each contalnlng 0. OOOl gm of Iron,  After

L_solutlon was complete, 5 cc. of the alloxant:n reagent

“were plpetfed Jn, and the effect observed.
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No, .. gms, - Fe
... sucrose. - - . Remarks.

'(l) 5.0 - 100 . _In order of amdﬁnt of

(2) - 2;5-35;~’ iOQy¢%ﬁuﬁf ;sﬁéarhﬁrésenﬁ?ésrfar as

‘(3)-1l ;1o25h“¢w¢f106' 'colour went; ~:the more

i sugar the less colour.

The volours changed 1n presence of sugar from

the Tlch blue w1th 2. tlnge of purnle found in the orlglnalAL;

‘rstandard solutlons to a faded reddlsh purple,

Bv1dent1y thls reagent 13 uselese 1n pte%ence of sugar"'

“and no further tests Were made.;

”Colourless - g reactlpn.wf i
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DE&LRMINATION OF IRON

g Method (3) - U81ng Ammon1um Sulphlde.

| Déscription.bf:the¢§ulphid64001primefric e thod : - (Eaétickf

Ogilvie & Linfield).

Stock Sélution ofylronlu lO gms. of pure ferrous sulphate

'FeSO4.7HPO &re dl solved in a 50~60 per cent sucrose

solutlon, w1th addltion of a few drops of sulphurlc a01d,'f

-and made to 1 11tre.’ The acld should be ldrgely -
diluted Wlth Water before addltlon.i A
Thls stock solutlon 15 dlluted Wlth Water as:

rrequlred u'e g.llo ccs. to 100 ccs, and 50 ccs. of thls

_solutlon to.:g""CCS., this glVlng a solutlon oontdlnlng
0.000002 gm.'Fe per” cc.yfﬂ e o

: Determlnmtlon of Iron.u, Por llght colouJed products

3 to 10 gms.vof the sample, dependlng on the amount of
1 1ron present, are dlssolved 1n water 1n a, Nessler
cyllnder and made up to 50 ccs. B t

Into a serles of Nessler tubes of- the same- helght
‘and dlameter a8 that used for the sample are- placed
‘1norea51ng amounts of the standard iron solutlon, ‘and
_the volumes are completed to 50 ccs.. | o

To- edch oyllnder 2 ccs. of freshly brepared ammonlum{
,monogulphlde solutlon are now added and the contents "
}Qstlrred," After 10 mlnutes the cylinder contalnlng

the sample is matched with one of the standavds. ~Both
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7 toen conta;p}the same quantltv of iron, Lh&t 15, the“

‘ - of i ,
quantlty/lron 1n the Sung used. The oyllnders should'

,‘stand on Whlte glass 1n maKJng the comparison.

‘ The sulphlde is prepared by saturatlng ammonium -

.hydrox1de Wzth suiphuretted hydrogen, and then addlng :

v an equal volume of ammonlum hydroxide.

In ﬁhe case of dwrk sugavs, the m&terlal 183“

1n01nerated w1th the addltlon of 1ron~free SuthHrIC

aold, burnlng at the 1owest poo51ble temperature‘ - Théf“u

ash is dlssolved 1n a mlnlmum quantltj oi 1ron—free

hydrochlorlc a01d, and Lhe 1r0n 13 estlmated in thlst

.solutlon as descrlbed above._?fgﬁ.

The adVantages clalmed for this method are.—‘

(1) -1ﬂ01neratlon is not_necessary except for darkng
coloured products. "
-Note:- «The feryocyanlde method for iron is . -
stated by Bailéy [Brewer s Analyst, Kegan Paul,
1907] to be capableé of-application in presence
of sugar, provided the colour-of ' the sample is
not dark,  The- ferrocyanlde method 1s descrlbed

oo later in- this sectlon.,

:(2)-‘The colloldal ferrous sulphlde flocculates very
slowly. - , A ,

(3) The state of ox1datlon of the iron is 1mmaterlalr
(4)  The maximum colour 1nten31ty i8 qulckly reached.

‘ CS)EIThe tlnts of Standard and sample are usually
1dentlcal « : S =
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. METHOD (3):- AMMDﬁIUM/SULPHiDE BXPHRIMENTAL.

'(1)"Test Limitsie It was found that with white sugars-

the lowermoqt llmlt of- detectlon was 0.1 part per mllllon."

Standards:-  The standard FeS0, solution in sucrose
was diluted .so that 1 cc._bf it contained O;OOQOOB‘gm.
.of iron per cc;‘(==5 gamma); | Standards weré‘pfepared
as usual in Nessler tubes by taking 1, 2, 4, 6, 10, 15
and 20 ccs. of the iron solutlon (thus ranglng from

5 to 100 gamma) and addlng 1 cc. of freshly prepared

ammonium sulphide and maklng up to 50 ccs. ’ Odlours
fram very faint blue to deep green blue Were obtalned

in successive concentratlons.

-Raw Sugars:-; 25 gms.;of raw Sugar Was dlssolved, made
to*200 ccS, and filtered u51ng Kleselguhr. 10 ccs. of

this flltrate representlng l 25 gms. of sugar were

| plpetted 1nto a Nessler glass, 1 cc.-of the ammonlum

'sulohlde added, volume made to 50 ccs, and thg\tube
matched agalnst the standards. - o o

' On\addltlon of the ammonium sulphide thétalready
‘yeliow,orib?ownfcolour of the sugafAsQlutioh-Was 
intensifiéd;wiﬁhout-prbducing_any apprgciable-blue tint,
’The.éolqur-ﬁatphing-in the comparator could only be
~done'very'fbugh1yvas the tints of sample and standards

were not identical.
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Tests u51ng 5 ccs. of-théfsuga% sdlutibn were -
A llk@Wlse unsatlsfactory, except Where the raw sugarm

';was falrly llght in colour.‘“

LOMPARATOR.~ The arrangement in the comparator 1s here

'shown.- _ ;j {“ e
T " Fig. 24

sugar solutlon ' '? »fisdga;§301ution
| aJone : .’x, é% %% - plus reagent

: standardv¢.1h -—7?$l é% é% fr;' distilled water

) [
e “ml

o TeIéSOOﬁéﬁ

Four Nessler glasseé wefe affanvéd\as shcwn\abové, ﬁhe‘
‘yellow colour of the sugar solutlon belng thus common

to both gldes of the comparatef.:7?.g ;” —‘ |
When left overnlght the stdndardé darkened cons1derably

'and unevenly.;,ﬁ

ANMONTUN uULPHIDE a”IROﬁ'IN?SUGAﬁS:EY DIRECT METHOD:-

sugar . . cAmount = % % Iron
S - Wbaken . Iron ;bz ashlnp

West Indies . 10 ccs. 0,0028 O, 10050
San Domingo = . 10-ccs. 0.0040 .  0.003L -
Natal =~ 10 ces,  0.0032 0.0040
Demersra - 10 ccs. . 0.0016 0.0023
Jeva © 10 ces. 0,0012  (0.0013
o T ST (0.0019
*xmaurltlus f;f 10 c¢es, 0.0020 . 0O, 0016

WhlLe Beet © 10 gms. 0.0002  ° 0.00009
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";AMMDNIUM SULPHIDE. METHOD APPLIEb TO AoH OF_SUGAR _PRODUCTS

‘The ash was determlned in dupllcate by sulphatlon

1nd 1nc1neratlon in the usual way.

The ash Was

dlssolved 1n 5 ccs. of concentrated hydrochlorlc acld,

boiled for 5 mlnutes,

up to 280 ccs.m 

flltered, neutrdllsed,

and made -

10, 20 or 40 ces,. of the ash solutlon Were plpetted

g 1nto the Nessler tube and the reagent added.;

‘were then matched Wlth standards.'f

The tubes

No.

'ﬁgsémﬁlélfi

| '-f‘.-mmus S

% I'[‘Ol’l -

Egyptien
- ‘Molaﬁses” B

04081
704013 .

*,Natal

Mblasseéh

© 0.0086.

0.0150.

Java
Raw. Sugar

10,0013
©0.0019

Demerara

~ Raw Sugar

0.0024°
00022

Weést Indies

Raw Sugar

. 0.0023
© 0.0019

- San Domingd -
‘Raw Sugar .

0.0026

10,0036
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NoJ ‘Sample | % aAsh % Tron.|
/16

7| watar | 0,37 | 0.0039

‘ ‘ Raw Sugar : 0.39 0.0041

‘8 | Meuritius | . 0.34 | 0.0012 -
o Raw_Sugar ’ 1. 0.35 0.0020.- |

‘9 [White Beet Sugar | 0.018 | 0.00007:|

. L i 0.019 | 0.00011:}

Dmecuseion-é’ The Teeulte for rdw sugare are much more

i o+ St T e ol S S P e

conelstent than those for molasses. : f”jﬁi

The agreement between the dlrect eetlmatlone and the

/ash1ng resulte 15 ood except in the case: of “the whlte

',sugar Where the;aeh method result is: muoh lower, probably-~
'due to Volatllleatlon of salte 1n Lhe burnLng off

In- the~ceee of the two molasses samples{ the

agreement betﬁeen the dupllcatee is extremely poor.'>

The colour due te the am@onlum sulphlde was found to.
requlre at leasb 30 to- 85 mlnutee for full development.
It Was found essentlal to prepare the reagent on the day
of uee. with even falntly yellow ammonlum sulphlde a much
”‘brlghter green colour 1s p?oduced, and uhe proper L
gradations of colour do not occur. o |

Wlth'whlte sugars the method is better than Wlth

Taw. sugare, but 1t seems 1nadv1sable to uee 1t in pfeeence‘

of evenymoderately dark colours.,
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RS DECERMINATION OF IRON. |
Method (4):~ Using Dimethylglyoxime CHE—C C-—CH
| \ | J \
o - NOH NOH
| ﬁlmethvlwly0X1me Jn alcohollc solutlon added
to a solutlon contalnlng ferrous 1ron produces a orlﬁht
red colour due tO Fe(CéﬂvNéog) , one of the ‘oximino
hydrogen &tOMm being replaced by an equlvalent of iron,
followed by co~ordination._ﬂ The. 1ron is convenlentl

reduced by solld hydr321ne sulphate.

":,nggggig{ﬁjg Dlmethvlplvox1me - A saturated solution

in'95,oer cent ethyl alcohol 13 used

— bt i it ey S e

l'.Standard Iron oolution ~ Prepared from ferrous ammonium

sulphate.. l cc. equals O OOOO& 0'm. Fe.

Procedure - The 1ron oontent of the sample should be

0. Ol to O 06 gm.\per lltre. Take bO ccs. of the sample,

add 1 um. of hydraz1ne sulphate, 5 ocs._of the Dimethyl=-

»"_,glyox1me solutlon and hedt to b01llng. Add 10 ccs. of .

25 per cent ammonia solutlon, oontlnue bo;lang for nalf/a-'
mlnute, cool rapldly and dllute to . lOO ces. for comparison;

'~;The,oolour matchlng may be made by.any of the usual methods{“

e

: ygggé - The minimum amount whlch can be deteoted ig lesw:,
“than 0,00005 milligranm. Magnesium may interfere and the
method cannot be used in the presence of relatlvely larse

‘amounts of alumlnlum or 21nc.
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MEIHOD (4):- - DLUBTHYLGLYOXING. - ﬁxmm‘mmm

(l) Lest Limitgss- U81ng standaﬂd ferrous 1ron solution5'

a falnt olnk oolour was obtalned with 1. part of iron in

mllllons. &'

,7(21 offect of dlfferent Buffer solublonse-'A 10 ccs. of

stook solutlon was- taken in a bolllng tube, and 0.2 gm.,

’of hydra31ne sulphafe was ddded, followed by 5 ccs. of

_the saturated alcoholic solution of dxmetoylglyOXJme,
o The soluﬁlon waa made to about 40 cos. with the'

requlred buffer solutlon, heated Lo b0111ng, oooled

rapadly, Waghedflnto a Nessler glass and made up to 50 ccs.‘f;:“

The buffers used were of pH 1 2, 3, 4, 5, 6; 7y 8, O

and: 11.”, No colour appeared 1n the aold raﬂg@* with pH R

-9 &nd 11 a falnt yellowish tinge appeared

”3(3) With Ammania.~ Prepdred %olutlons &s above u51ng

'10 cCs. of 35 per cent ammonla in place of the buffer.:
301led for half a mlnute cooled qulckly and made to 50 oos
'ﬂ‘ln a Nessler glass. A brlghb yellow colour appeared M

"which faded. gradually to pale orange 1n a few mlnutes.

IThe aolutlons were made contalnln varylnﬂ amounts of

.1ron, and the rebults are shown in the table below. |

- The colour for each amount qu & brlght red of

dlfferent 1nton31ty, hut thig faded to the pale orange
colour on standjng, when a gradatlon of coloufs could be
This gradatlon was not entirely regular, the

seen.
-‘40 gamma tube belng deeper in colour than the 50 gamma., _
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j A mlnlmum of about 15 mlnutes appeared: necessary
before Judglng the colour.
In this method much Beems to depend on the mode
'of heatlng before ‘adding the ammonia,
- If heated gust to b0111ng~p01nt a pure plnk colour
'jidevelopa, but 1f 1t 15 boiled even for & second or two |
‘before addlng ammonla a yellow;%h pink colour is obtalned
whlch is much 11ghter than the plnk colour. i The method

dppears to be nelther very convenlent nor very reliable,

.but 13 sen31t1ve.(wﬁ‘?“ﬁ

Wlth sugar solutions 1mmed1ate fadlng took plaae,

?

and the colours Were very muah 11ghter than those obtalned o

in abaence of sucrosef

No&"gms. Fe L “;"iﬁwa-i' éaffé §"  o o
present. in © Fe in-. - per . “Remarks.

B0 _ges. 50 ces. - million

0.0000025 “T‘i1855:f¢773f0 o5 Faintly pink.

1
2 6.000006 . 5.0 §f§f“odlo ) ralrly well
3 o.oobééb 2~‘x~éd~01;vfs' o.4o}» graded - yellow1sh‘~‘
4 0.000040 40.0 o 0.80 ; fplnk shddes.,’ o
»5 10.,000060 - 50.0- | )\1.00»" Deep pink.
6 0. 060101‘ 5 160*0_:  A“2.oo _Deep pink.
E The alkallnlty nece%sary 13 apparently out31de the.
pﬂ range. |

- The need for boillng is the WOTSt feature of the o

,:vg;.gmsthod, A It‘ls;valueless in presengejof sugar,
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DBTLPMINATION Oﬁ IRON

‘Method (5)'~‘ U51ng D1~N1troso Resor01nol C, H 0. (NOH}ZkH@éf”‘

Dlnltroso resorelnol glves an ollve-green colour
Wlth solutlons containlng ferrlc iron.

Reagent ’ D1 Nitroso-resorclnol solutlon-njyihis is

D repared by adding excess to b0111n® water and. fllterlng. 
The solutlon is made Jjust pTGVlouS to use.

Procedure.u Th@ ferrlc hydrox1de preclpltated from the

‘pample JS dlssolved 1n the least pOSSlble quantlty of
hyérochlorlc ac1d and nearly neutxallsed with sodium |
hydrox1de, 2 to 4 ccs, of the reagent 1s added, keeplng
hot whlle maklng;test, and a few crystals of- sodlum' |
acatate are dropoed 1n.§§” 8 ;

'. Iron glves a green preclpltate of colour;

The solutlon must not be strongly acld.

Sy PR onJy qualltatavely Co e T
Notesg: The method has been/éxamzned by Nlchols and
Coopér {.J.am, O 8.747, 1268, 1925)
Solutlons 1ﬂ 50 pex cent acetic ac1d or 50 per-cent
'aicohol Were not so sen31t1ve a8 the aqueous solutlon.
It Wag found that the_oodium acetate coayulates the
»preclpltate and darkens the oolour. |

The sen31t1v1ty appears to be" about 5.5 parts per

milllon.
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Method (5)z:~ D1~N1troso Resorolnol - Experlmental.

(l) Reagent*-' The s&mple of the solid reagent obtalned”*

- was a ddrk brown colour ‘and on . b0111ng Wlth water gave

an opaque brown solutlon. ' On b0111ng Wlth decolorlslngﬁﬁj o

: carbon and f11te*1ng, there was no change 1n the colour.frx

.It was therefore accepted that this dmrk brown oolour

- was. Lhe natural oolour of the product' thls compound

- js descrlbed in. Hellbron‘s "Dlotlonary of Organlc

qupounds"l as occurrlng “in. bxonzo leaflets.

Wlth 2~4 ocs.fof the reagent and standard 1ron

solutlons, the oolours Were muoh too brown to detect

~”d1fferences in the gr@en tlnts. About 5 drops wave the

‘Treoulred ollve green colour - :

’  ;801ub131tV. f The compound Was practlcally 1n$oluble in

~mosL of Lhe ordlnary solvents - ethyl alcohol, ethyl

_ acetate, ethov, toluene, chloroform, anyl alcohol.
'iWith ether and iron solutlon & deep green tlnt Was 1eftf
'illn the water layer-m the excess of - roagent ‘remaining in
the ether 1ayer.jf In methyl alcohol there Was slight |
solubllity. . ERTER S (” ’ R

10 drops of reagent w1th oF 00020 g, Of"Iroﬁ

_‘SOWutlon made to ‘50 coe. 1n a Nessler gla%s gave a fine
v“ollve grwen colour, but - this took severaltnlnuteo to ‘M
,develop.,f Addltion of solld sodlum acetate 1ntenslf1ed

thls colour - making 1t a "bluer" green.
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-(2) Test Limitgse Preliminary.experiments uéing

3 drops of the reagent With,amounﬁé df iron ranging

_ from,S‘to 100 gamma‘gave*yelldw coiburs in the Nessler
glasses with poor gradatnon of tint. These colours

 were 1nten31fled by addlng solid sodlum acetate which

'aﬁj;also gave better grading. . After stand:ng overnight

'x_j:these standards were much greener, bhut there was still

. poor gradlng. EXpexlments were now made usxng buffer
solutlons a8, detailed below (seotlon 3) and 3.0 was
"oelected as the optimum- pH (us1ng sodium hydroxide-

phthalate buffer solutlon)

‘*Test'Limiﬁs usingxa»drobs{?éagent at 3.0 pH.

© No. ogms. Parts S .
-Fe : per‘“.3“ Fe in Remarks.
~present  million 50 ccs.
_in 50 oC8... . ' =
1 0.000005 0,10 5 The solutions were made
2 0.000010 0.20 10 up with 3.0 pH Buffer
3  0.000015 0.30 15  solution, 3 drops of
4 0.000020 ©  0.40 20 resgent and 3 drops of |
5  0,000025 0.50 - 25  saturated sodium acetate
6 0.000060 - 1.0 50  solution belng added.’
7 0.000075 . 1,5 75  The scetate solution was
'8 0.00010 - 2.0 100  added last. The colour

grading was not very

marked after 10 minutes,

 Left overnight.
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Next morning there colours were exbremely Well
graded - the 2 parts per mllllon tube was almost too
dark fowx good.comparlson. It is evident that this
‘developmeht of colour is Véry‘siow, which would be a
-bad feature in colorimetric analy51s.

v%;(S) Effect of Buffer Solutlons‘«' Optimum pH.

Teats were made as with other lron methods, using -
éotendard buffer qolutwona ranglng from 1 to 11 pH. It“
fwas found that bora?e buffer so1utlons interfered giving

:: xa blue colour 1nqtemd of the blae ~green.

Effeot of Buffer uolutlons,uy

6olut10ns contalnlng 1 DeD m.'of dron were treated

Ei;wz.th %) drons of reageﬂt 5 drops of sa turated sodium 1>
 acet@te solutlon,'and made to 50 ces, with standard -

 (Jbuffer solutlons._ The colours obtained after 1% hourb,'

'£ are descrlbed below. ”

The buffers used were free from borate.

No. Buffer

‘Solution Remarks.
pH .

-1 1- Lighter than (3)

2 2 - . Olive~green s
3 3 " Deep -greenish blue - best colour.
4 4 ‘Same tint as (3) : slightly lighter.
5 5 Olive green - paler than (2).

6 6 . Pale greenish-yellow,

i 7 - Paler greenish yellow than (6)
8 8. “More yellow than (7). |

9 .9 Light yellow. :
10 11 Deep yellow.

11

Blank - Deep ollve-greemmdeeper than (z)
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These reeults show that dlunltroso~zeaor01nol
has almost the propertles of an 1ndlcator. The colours -
1nten51fy very slowly, so th&t standards and test
samples should be made uo at the same tlme, a8 the .

"time factor is obvnously vexy 1mportant here. The

. amount of sodium acetate added to intensify must also

J \;be carg@gl1y3§ontrolled.

(4) Effect on Suéé;:?"*ﬁolutions -
In the presence of whlte sugars “there was no
"fadlng of oolour,_but rather 1ntenglf1catlon._

A raW sugar (San Dom1ngo) was used for est1matlon

_of 1ron by this method, and gave a result of O. 0006

”fper cent 1ron 28 agalnst 0.,0036 by other methods-

M tiusing double the quantlty of sugar 0.000%7 per cent

'fiiwas obtalned - Thls dlscrepancy appeay to rule out

~the method for: quantltatlve work under the above

’fcondltlons. o
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DETERMINATION OF IRON.

e et ey e ey v

Method 161.- Using 7-Iodo-8-Hydroxy=Quinoling.

‘5=Sulphonig Acid

‘09H4N'0H I.S0 H ("Ferron').

This reagent in aqueous solution gives a green

- colour with ferric iron Which‘fs very stable to light.

Procedure:n_, 5 drops of a 0.2 per cent solution of

 the reagent is added to the solution under test, which
Cis then made up- to 50 cos., and matched against

standards prepared in thp uoual way from a standard

ferric 1ron solutlon.L‘

Notes f The sensit1v1ty 15 about 1 part por million,

St i e s

The colour 1s destroyed by strong acids or bases: pH

. 2 5 is an optimum reglon.-ﬂ

The method may be used 1n presence of all ‘metals

o Wlth colourless 1ons. only»cuprlc ions interfere unless

the green colour is masked by the presence of excess of other
coloured ions.

With a concentration of about 1 in 10 millions a
greenish yellow colour is obtained. With higher'
concentrations é'fﬁll,gréen colour develops which is
almost indefiﬁitely‘stable; |
pH Range:a_ in inérganic combination iron hydrolyses
very slowlv at about pH3, but at pH5 and above more

rapid preclpltatzon occurs., "With the above reagent

- more adidgéolutions.turn blue~green, and above S.Qpﬁ‘

a yellowish colour appears.
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Method (6):~  7nIodo=8-Hydroxy-Quinoline 5-Sulphonic Acid.

Bxperlmental.nfx“

(l) Test leitq°

~The reagent in 0.2 per cent aqueous

oolutlon 15 a hright golden yellow colour. Standard

1ron solutlons were. preoared as below.

amb«,gms. Parts 7.
e ' per. Fe in

"in

Tfpresent, mllllbh 50‘908.

Remarks.

;o 000001>2
0,000002
70.000004 ;"
- 0.,000005
0.00001
.0.00008 . "
- 0,00003 .
©0.,00004 ¢
.0, ooqoﬁgﬁa

;‘Q mg”o} oh .b 0&‘&3‘?—-‘ _' V; o . .

RO 0000 C o

» o % e '8 eie o

S OWOBVHOOO

REES R

¢ The colours were well graded
.« from:Nos, 4 to 9 but very
" much alike below No.4,
. «tending more to yellow as

- the -iron. decreased.

“The .1imit "of sensitivity is
Cooothus. gbout 5 gamma, and the
coLimit of concentration 0.1

part: per million under these

T condltions.

.usianQ;OOOGI%éﬁi‘Fe in_each tube and

(2) " Qptimun HH:-

- 5*drpp§mreagent.

No. pH of -

L. Buffer

Remarks,

__Solution,

CO®IOODUMDE |-
OO0 O M

. H—

Very pale green

Darker green

of green.,

- almost identical: maximum intensity .

Slightly more yellow than Nos. 3 and 4,
Much paler yellow~green

Almost colourless

Less colour than No. 7

Colourless
- Colourless.
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Optimum pH continuedi~

This reagent is ev1dently very sen81t1ve. The limits

of the range are to 4 pH.,

(5) Effect of sugar on colours produced-

it S S iy S bl o St

(a ) Raw Sugar. L. Wlthout added Irons= "
o Solutlons were prepared containing 1, 25, 2.5 ana 5.0- gms. '
“of San’ Domlngo Raw Sugar Wlth 5 drops of reagent and- 2. drOps .
of N HGI to adgust to covrect pH range. These solutlons
Weig found to: be Wlthoub eny green tlnt, the vellow of the
sunar completely mask:ng nny co]our deveioped by the

reagent Wlbh the iron orlglnally present in the sugar.

1T, thh Iron ﬁdded‘AT

Thl& was further tested by addlng 20 ccs. of 1ron
solutlon to 1. 25, ‘25 5 and 5. o ﬁms. of the above raw sugai(g
On addlng the re&gent the colour af all three was less
, than the 1 cdh. standard for 1on, which conclu51vely showed'~
that -the meihqd-was valueless in presence of even

‘mdd@@&ﬁ@ly.eoloured sSUgars..

(b) White Sugars:~

No. gms. Fe gms. . Remarks.

- . presénff' SUQ?bse“ ‘ o -
in 850 cese . |

’ A ool 1.25 . Identical with 4

”% : 8:888%] A 2,50  Very slightly darker than

: e .. .. - standard. _» A
3 0.0001L - 5.00 . Practically equal to standard.

4 0.0001. .-  nil.. Standard, a more X;g&@ green

o than others.
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. White SMQarsido hdt eeem to have mﬁch'éffect~here*z
the reagent WOuld probably be satlsfactory for white

sugars w1thout ashlng, pTOVLded the pH is cavefully
oontrolled . | ‘

.35 Tests were now made compar:ng the mefhod with the
ammonlum sulphlde and sulohosallcyllc acid methods,

all estlmatlons belng made'in presence of white sugar.

A T R r% IR QN

"No. Whlte.ﬁ' R ’

Lo Sugar - Ferron 'Sulphlde Sulpho
RS j.uviifi e S : gaticylic
1 . A . .00012 . 5,00007 '~ .00010
2 B - 5,000100 - S ,00011 . . o . 00014
(800 0 +00008" " {00009 . .00012

};QQO°1;-av_:¢.00028 300027_

These results agree remarkably well, much better o
1n fact than many of Lhe oomparatlve results shown for
raw sugars at the end of thls section,

(c) “With ashed su@ar nroducts.‘

Various ashed products were tested by this method, -

adjusting the pH value To the correct range by N HC1., -
Duplicat@ results are Shown heres~
% I R QN
- No. Sample R | .
L Ferron - Sulphide - _Sulpho -
: ' e sl galicylic .
o ) (2 1) eyl (1) wf2)
1 Egyptiﬁn o S : o
. - molasses " 1.020 ,011 |.081 013 0.108 .OQ5
- 2 Natal . - ; ‘ :
- molasses . |.009 ,012 [.,009 ,015 - . 005 JOLS3
- 3 San’ Domingo o ‘ o _ Y
Raw Sugar | .,0006 ,.0004].0014 ,0008 Q014 .0015

,'These rosults show  large differences. those for- Natal
molasses and.the sugar are fairly good, but the Egyptian

molasses  figures vary so¢ much that it is probable that some
other Lonstltuent in:this- particular ash 1is Jnterferlng.
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DETERMINATION OF IRON.

‘Methéd'(7):-~vUSin£ Potassium Ferricy@pide-KaFé(CN)é

vSolutioﬁé of'Férrousnsélﬁs'give with ferricyanide ég
blue ooloUrVdﬁe to the~foimation of Turnbull's Blue,
This‘ls 1ndlst1ngulshable in colour from Prussian Blue.
(Mbthod 8). “

oTeCl-PZK Fe“(Cﬁ)gifb Fez(Fe(cm)é)gfaxelo

Reanent5°- PoLa351um ferrlcvanlde -,

g B A s ot 2

A freshly prepared aqueous uolutlon- 0.5 gm. per

100 ocs. 15 used Sulphurlc acid - &8 6 normal solution

}

of 3ron~free acld 1q requlred

»Standard 1ron solutlon - freshly prepared ferrous solutions

0,k mgm. per cc.-w

Procedure

S o i g e e o S iy

i/}:{[o!50 cc;: of the.sample solution 10 CCS. -«
of the aci d is added, fllterlng if necessarys: 15 ces., of
the;ferrlcyanlqe reagent is now added‘and volume made ﬁo
100;§§§. in a.ﬁéssler glass, The;tast solution is

compared at once with freshly made ferrousiiron\standardé;.

Eg§g§L7 The?comparison‘of thercolour developed in both:
sample and standards must’ be made in matohed Nessler tubes = -
in the nresenoa of equlvalent concentratlons of ac1ds,
immediately after “the reagent is mixed with the solutions.
Thé.oolour is deepened by aﬂ excess of the reagent, and
d1m1n15hed by an excess of aond. It fades ra01d1y on

standlng. ‘ The sen31t1v1ty is. stated to e about 10 parts :
L per. mllllon,,
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AMFthod (7):~_ Potasslum ferricvanide -~ Exgerlmentdl

(1) Test Lim1t5° Ferrous iron standards,were made up,

addlng to each 5 ccs, of 6 V(sulphuric“acid followed by

- 7.5 ccs. of 0 / frcshly prepared ferrlcyanlde solution.

,?Nb,‘ gms . Fé C K'Z ’Parts
‘ present - Fe in per - Remarks.
in 50 ccs. 50 ces., million .

}O 0000025ﬁj 2¢6 - 0,08 Yellow colours were .
©0,0000050. "5,0° 0,10, obtained except with

J0,0000075 7.5 0415 No. 11 which was .. .
05000010 . 10.0 0. 20;‘ perceptibly blue: thlsi
0. 0000325"f13 5.7 - 0.85- appedars Lo be the gmaijeot
0.00002 320( S 0,40 amount detectable, .

. 0.000025"° 256 - 0,50 On standing overnight,

"f*O ‘00003 JSO'L s QfﬁDFgf%bhere was & slight
9% - 0.00004° 140, . 0/80 .7 ‘indistinet gr@datlon in- ‘
104 - 0,000058 ‘50-1¢{'w 1.00  the colours which were now -
1

0. 000175 170Ji%f5‘ 3,50 pale greenish-yellow. o
v L T e T No. llﬂwas‘distinetly blue,
but the colouring matter -
- e Coee TR had separated as a .
P T e ey precipitate on the bottom
RN, e of the tube. o

HO©COIROm D ONH

Tﬁiéﬁéﬁbgégéwgg)%ix»the lowest limit of qoncentratioﬁ
ﬁiléﬁ 3.5 parté ?ér million of iron.-

fThegcdléufs obtained were not satisfactory, and
hecéssitatéd iﬁmediate comnariéon.' The factJthat re&gent»
.has to. be freshly made each,tlme is also a dlsadvantage.
The ‘colloidal precipltate appears to flocculate more ea31ly E

than that produced by - ferrocvanjde.

(2)_-With White Sugars:- With white sugars no apparent fad-
ing deﬁrrqd, but on account- of the low é@ngi%ivity no |

fffﬁrther ﬁests‘Were madé with this reageht;
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. DETERMINATION.OF IRON,

Méthod-(B):—:“Usihg Potassium’rerrocvanidewﬁ

Pot&851um ferrocyanlde produces an. intense blue
"colour (Pruss¢an Blue) with Perric Salts oy form;ng»
“ferric ferrooyanlde |

AT eClB"‘BK Fe(Cl\T) --> r% [Fe(;CN)él 5 12KC1

"”%Pota551um Ferrocvanlde'- used in 0.5

per-gent}solutlon.”

~°$taﬁdaf& iron Solutlon.—;*ﬁffefrous solution is prepared

~thewiron belng ox1dlsed by permanganate* ‘1l ce. equals

- 0, 00002 gm. Fe.

i -_..n.,.........u.,--......—--u.

{ The solutlon to be- tested should contaln apprOXLmately
ﬂHO ooa gm.‘of Iron per lltre.‘v
The estlmation is made in-Nessler glasses as usual
ijby comparison of the sample with standards.
l For total iron, the solutlon is acidified with
Csulphuric'acid'and'txa&béﬁWith'permanganate to oxidise
the=fe:rous irons afterwards the colour ‘is matched as
aboﬁé;i' The meth&ds of dliutlon or balan01ng may also bg
—emfg{ldyea ‘ I't 1s best to allow the tubes to stand for

15 mlnutes before comparlson.

Notes:~

The test 13 1nferior in p01nt of del icacy to tnat‘
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with potassium thiocyanate.

The colpur produgéd.varies from blue to pale green
according to the nature and amount of the acid present,
and the full intensity of the colour is not»alﬁays

‘produced immediately the reagent is added.  Gum ghatti

l“. or gum arabic»éolutioh can be used to stabilise the

'5=suspensioh. ~ Permanent méthyléne blue»standards can

“be used.
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Method LSL--. Potasslum Perroovanlde - Exoerlmental

.(1) Test leltoun Btandards were made using the
oxidised standard iron solution and 5 ccs. of reagent

followed by sulphuric acid.

No. gms. ¥ Parts . Acid
e Fe in  per cohcen- Remarks.
present - - 50 cecs. million. tra- |

in 50 ccs. | tion

” 0.5
2 ‘Q;ooOooozs : 2.5 . 005 . 0.24N Jwere colourless.
s I “ )YBlue colours. appear»
5

SHN

QQ;000065 i 0.1 0.24 jed at once in-
- ﬂ*‘,: - Nos. 4, 5 and 6. .
4 »O OOO@l 10 - 0.2 0.24N Very faintly blue
"5 O, 000025 2B, L.0s5 . v Blue
6 ‘70%009;_h- floéff}5“”2.o o Deepesr blue

‘ Thls flxes a llmlt at O 2 part per mlllion or. 1 part

’_ in 5 mlllions._ The order of addltlon is very important -

- the aeid. must always be added last-otherwise no colour
" develops. On standing 72 hours, no Prusslan Blue had
? precipitated: the colours had changed to a slightly -

greener blue,

(2) Onﬁimum‘bH‘ Efféct-of Bﬁffer‘ﬁoiutians.

utandards were prepared w11h buffer solutions
 ranging from 1 to 11 pH, usmng 0. 00001 gi. Fe (or 10 g&mma)
| in each tube. After standlng for 165 minutes, the ‘ '
| .colours were Wel] graded from 1 pH which" was darkest

,Tubes at 2 and 3 pﬂ were also blue, but only about half
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so intense. At 4 pH fhe tint was a pale greenish~
yellow, and-7, 8, 9, 10 and 1l pH were identical in
. tint, Apparéntiy this reagent must be used at 1.0 pH

or below,

-7 f:(b) Bffect of Acid Concentration:-

No. gms. - Acid

- . Fe " N concen~ :
‘present. . tra- ‘ ‘Remarks.
iin;QO:qcs; ‘ 'tiqnf ‘
1 iﬂvo;OOOl B ”.?0:66: * Blue colours appeared
‘20,0001 0.12  immediately. Nos. 2, 3 and 4
3 i,OQOlef.A “._‘0L24 were the most intense: No,l
AAE:‘O;bdﬁlw‘;-fl, 0.48 :‘“ﬁaé»not quite so blue. ‘
5 fé.odd; T 0.60 Nos. 3, 4, 5 and 6 were almost
6 0.0001 . 1.20 ~identical. Optimum acid

§oncentratiqn.is 0.1 to 0.25

normal .
The aéid'must'be added after the reagent. 07!
standing for 72 hours 4, 5 and 6 had precipitated Prussian

Bluei Nos. éfdndLS were uhaltered.

(3) EBffect of white sugars on colours produceds:-
Preliminary testé'showed that there was a good

grading of oqldur With'éugaf prééent, but there was

definite fa@ing-qf colour from the colours of the

‘standards made with sugar. It seemed probable that

if the standard iron solution were made with sugar

present; the Prussgian Blue method'wouldhbe satisfactory

in presence of sucrose.  The following table shows .



“results obta:ned with”

.._Hpgg” e

Whlte sugars compafed w1th result

by the sulphosallcyllc a01d method and the sulphlde

‘ method
:'Nb,;f_Sugar H% ﬁe by.,-?*Fé by '%g?e by
: . Férro~ Sulpho- Sulphide
cyanide  _S&llell0 "

1A +00008 u;.OOQlO . 00007

2 B .00009  .00014 .00011
3 ¢ L0001l .00012 .00009

4 D . 00021 .00027 - .00028 "

(4) ZIrom in Baw Sugars.nifg 

It was. found 1mp0331b1e to get a match of Lhe
colours when raw sugars were trled w1thout ashlng.
The yellow of,the sugar made the blue colour appear'
7greener and no’ proper matchlng waq obtalnable w1th Lhe
comnarator. -"“ u,‘ .. |

Wlth ashlng oi the raw sugars the follow1ng results

Wel“e Obtalnedlm‘:

% IR . O N

No. Raw ‘ . - T
Sugar _ Ferrocyanide Sulnhosalicvlic.§"Ferron"
‘1 Cuban . 0006 . 0006 0002
: 2 Sén
* - Domingo +0011 . 0014 . 0003
3 Java ~.0004 . 0007 . 0001
4  Peru . 0008 .0010 . 0002
5 Natal .0013 0012 . 00045 -
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These results are comparable for the SulphO“,

sallcyllc and ferrocyanlde metnods, but 1ow for all

the samples by the "?erron" method

,(Sll,Gfabh'by Photometric Absorptiometer:-

- The fef;oéyanide standards were read in'arHilger
"Spelker" absorptiometer and a curve'drawn; 'The;
darkest cqiéuf‘was selécted and the‘remainingﬁétaﬂﬁarngﬂ
compared with it.  This curve renders the stéﬂdérds.
'superfluous -.only the one. darkest solutlon need be
“prepared, and the test sample is compared with. 1t, the

percentage iron belng found from the graph

gte:'

- One dlsadvantage found Wth the ferrocyanlde
method 15 the dlfflculty of removnng the PLu351an Blue
vcolour from the Nessler glasses, 659901a11y 1f the

blue has preclpltated
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. Determination of Iron by Potassium Ferrocyanide.

Readings in Spekker Photoelectric Absorptiometer. -

o ‘ ¥ o
No, Te P.P.M. Fe  Mean Scale
- in 50 cecs, Readings.

150 = ‘standard
125 . 0,058
100 © 0.110
75 0.151
50 0.196
40. 0.212
30 . 0.232
25 0,245
12.5 . 0,275
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DﬁTﬂRﬂINATION OF IRON..

N

LRI © (oHy) Woes G.CH,
) Method (91 :U51ng‘Pvram1don:~ R \T.Zf.”
' : E . Q0C N.CIH.,

N}C6H5»

Pyramidon (4~D1methy1am5noantipyrine)'
produces a bluelsh—v1clet colour with ferric salts

in a01d solutzon.

Reagent'—\ A 1 per cent solutlon of pyramidon is used,

oy it e ik i it b

w1th a ferxlc stdndard lTOﬂ solutlon.

'Procedure:- . The sampLe is matohed with the standdrd

tubeq 1n the usual Way. The most sultable working
range is from 0. 0005 to 0, 003. gms. per litre. In dilute
{)sulphurlc a01d solutlon at O 8 normal and beyond acid
'_concentratlon has 13ttle 1nfluenoe- but below this

vQGldlty lnterference occurs.f”

(ff EXperlmental°°

%(l) Test lelts.a Sﬁandards—ﬁere prepared using standard'

?ferrlo 1ron solution and maklng up w1th 4.0 pH buffer

isolutlon. 2 ces, of reagent were added to each tube.

No gms* Fe  Parts ¥
present per Fe in ‘Remarks.
in 50 c¢ccs., million BO ccs. '
1 0,00001 0.2 10 The colour gradation was good.
2 0,00002 0.4 20 No.3 seems about the minimum
3 0.,00003 0.6 30 amount which is detectable
4 0.00004 0.8 40 i.e.s 0.6 part per million
5 0.,00005" 1.0 - 50 or 30 gemma. This limit
6 1.2 60 agrees well with the 0,000%

0.00006
‘ gm per litre above(wllch is
0.5 part _per million,
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‘(P)‘ Effect of Buifer Soluflons on PVramldon Colours-~

f(a). A test range of buffer qolutlons from pH 1.0 to
?pH 11, O showed that the pH musb be on the acid sider
‘;The glassea at 7 to 11 oH were. colourless, and at pﬂ 6
‘the qolutlon ﬁas Just coTOured The four tubes from
2 to 5 pH were of equal intens1ty, and the colour was
slightly more 1ntense at 1 pH. N '_\ | o
?(b) A Lest made BL months 1ater Wzth the ‘same pyramldon
solution gave good results When made up Wlth 2.0 pH
; buffer soluflon.;$ The colours were a bllght bJuelshmpurple.»:
tThere was very mafked fadlng 1n 1 Thours . next morning all‘—
‘1ubes were colourleSS. *Jf;° l! %/\ﬂ

The optlmum pH is about 1, O._Af335

(3). Effeot of ﬁugars i:?Tests made w1th raw sugars

showed that the colour of the' sugar completely mesked
the dellcate mauve colour of the pyram1don~1ron complex.
With Whlte sug&rs there~was no . ohange in the‘colovr.
Thls method is therefore sultaole for use Wlth white sugars
ﬁummarz.-f Pyramldon gives strong blue:sh-purple tlnts
with ferrlc 1ron at an optlmum of 1. O ‘pH, and the method
may be,gged~for the direct estlmation of iron in whlte;:
sugars. Resuiﬁé‘obtained for white sugars A.B.C.D. were
O.Q"O‘Ol; 0.00013 050001, and o.o@ozﬁ respectively.
The method is n;t suitable for use with raw sugars:
ifs ohief'defedt is the reiatively‘rapid fading of the

'xtinﬁs’produced.
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DIJTLRMINATION oF IRON

‘VNethod (10) -‘ Pvrocatechln or Catechol

Pyrocatechln (1 Dlhydroxynben?ene) giveé<W5€h3y'Jﬁ"
~ferrlc salts a dark green colour. Thls reactlon
.‘apparently depends on the phenollc propertles of
:;pyrocatechln. : The colour is stated to be a brllliant

f violet in falntly alkallne solutlen.“

Reagent-"ié'ﬁ 1fper:cent'solutibn in*water ‘and a

it sy o, B ety vty ot

\?.standard ferrlc 1ron solut1on are used. The solublllty\tk

of the reag@nt 1s 80 p@rts to 100 watpr at lﬁQGm“

AProcedure.n Bernoullll (loc.1clt ) used a: speclal
“slldlng-gauve colorlmeter, and obtalned results accurate
to 0 5 per cent at a concentratlon of O 0063 gm. per

;11tre (1 e._l part in. 161,000)

The au%hoi’employed the usual_matchlng method

";LXDerlmental.-qi

=(1) Test LlMltS.Fi

. uolutlon -and addlng 5 cos.:of ar l per cent pyrocatechin n
_solution to each tube.aﬁ There Was a good grading of
:colour With standards ranging fvom 5 to 100 gamma. The

,mlnlmum detectable appears to be about 0.6 parts Der

imllllon' at 2 parts per million the colour is a dlstlnct]f;i

green, and thls would be the 11m1t for quantltatlve Work )
The colourq had changed consnderably after 1 hour, but

the fadlng 1s not 1mmed1ate. One of the chlef troubles

W1th this method is the darkenlng of the nyrocateohln
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“rby oxidation, both 1n the &Olld %tate and in’ solution.

 (2) Bffect of Buffer Solutions:- A renge from 1 to 11 pl

" fAst ur:ed out with pyrocauechln. Solutions buffered at

‘1, 2 3 and 4 pH were practlcally colourless, and
Solutlonsrbuffered at 6,17, 8- and 9 pH were in shades of
violet. The 11 pH solﬁtion'turned a very dark brown.

- Only at 5 pH was there a green colour |

The re&gent appears to be extremely sensitive to pH, =
'u:whiéh_ls a dlsadvantage,‘ The iron present ;n 50 CCS. was

"0.00001 gm, with each buffer'solution.

T(E) Efﬁebtwof Suéégg:n' Wlth raw sugars the colours

ﬁCOulQ ﬁﬁﬁ*beaﬁatchédﬁ' w1th Whlte sugars the tendency

- ;Was ﬂor the coiouf to e a truer green, this colour then

";ifadlng ratner quloxly to’bfown and~then to colourless.

No quantltaulve work was pO%Slble ow1ng to this fading.

Summary

. e eee e s, St it L

This reagent is too sen31t1ve to influences such

"> as pH, light, and ox1dat30n, to allow of its general use'

- for determlnnﬂg 1ron. " The vlolet colours in alkaline

“solution were very faint.
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DETBJRMINATION OF IRON. COOH

"\Eethod (11) Salicvllc Aeld AR lon
i Sa]lcyllc acld (ortho«hvdroxyben201c ac1d) glves a.
)reddlsh-v1olet colour w1th fexrlo salts.  ,SoluL1ons~of

'_ferxous iron remaln COlOuTleoS.

- Reagents-%»'xSalicjiic acid = a saturated solution is
'ovuseq.kngho reagent iw filterved and the clear solution ..
used. >’ :

' Staﬁd&rdglronISolution:m fefrioosolution used containing'o

[t

0.00001" gm. Iron p@r cc.‘ _
The solublllty of sallcyllc ac:d is O 1o gms. per 100 oos.jﬁ;Ag
.1j~at 15°c f’- ‘ o TS | ‘

&”Procedure. The solutlon to be tested should contaln

between o. 00001 and 0.0002 p‘rl. Iron. The method of |

matchlng standards oannot be used %1noe the standards‘ -

'fade fairly rapldly 1n Lhe 11ght -IL 1s-neoessary to

add the sallcyllc aold to Lhe qample and 10 the atandard

’o at the same tlme and to compare them at once, The

method of balancing or method of dllutlon glves good o

results.;ﬁ - w a

- The sample ig olacpd in a Nessler ﬁlass and 5. ccs“.-"
‘;of the salicylic acmd reagent added. . The standar@ 1rpnz,ff¥;w
4leo]utlon is added from a buxette to 5 ccs. of\the oeagént
‘Jn anofher Nessler tube, untll the colour of the standard

o matches the sample.jd A olunger is used to stir the

‘11qu1ds.'
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jﬁgtg; Phosphates, thiosulphates,’sulﬁhitesg fiﬁpriﬂééf?

'~ﬂdbisulphites and free mlneral aCst 1nterfere. ,Organic

' ematter should be absent

As 1Jtt1e as O OOOO} gm. ferrlo 1ron can be aetected.

Experimenﬁai"

(1) Test lelts:- Standards were made up with ferric

‘Jron solutlon, addlhg 5'cchlof the salicylie aeid

'solutlon.ni There was a dlStlDCh pink colour at 60. gamme

gradang down guite sharply to 1O gamma, but not below thls.fﬁ

5 -

f The effeotlve llmlt of detectlon can thus be taken as

O. PO part per mllllon (1 e., O OOOOl @m. Fe in 50 CCB.

: fsolutlon) Falrly rapld fadlng of standards took place.

(2) Effect of Buffer SOlHthHS’—f thh buffers ranglng

from 1 Lo 9 pH 1t wae ¢ound that fhe optlmum QH lay: betweenf-

3 end 5 pH At 6 pH the- plnkfcolour Was” very 11ght and

at 7, 8- and 9 pH the solutlone weve colourless.‘ A pH of

4, O was. selected as glvwng the best development of colour.,_

(5) hffect of . Sugar. Wlth raw sugars.the plnk colour
was masked by the suga¥ colour. i With whlte sugars 1t Was
| found that even 1 gm, of Whlte sugar ceused 11ghten1ng of ‘
the plnk colour,.and this f%dlng was - 1nten51f1ed as more
Asugmr was added

Summavv.-

TlT -~ The colour develops best at 4 pH.
Rapid fading of standards. occurs
3 - With sugars fading renders the method uselese.
24 The limit of detection is. 0.20 part per million,
: with the best working range for quantitative work
- - commencing at about 'l part %er m1llion.~a; .
(5)  On the whole, not a good me .
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DhTERMlNATION OF Ihom

Method (lz).m oulphosalllllc aold ”, 503“

(2 Hydroxy 5—su1phobenzozc a01d, CTHGOSS) PlVLS a -rose= -

red coloratlon Wlth ferxlc 1ron in a01d %olutlons.,;ﬁln

alkallne solutlons both ferrlc and ferrous lron react 1;};'~°7§

glVlng a golden—yellow calour..‘

| Re@gentszmwﬁsglphosaliqy;;c abidt* ‘20 gms . in lOO CCB. -

diStill%ﬁ)Wéter. A@mggia=~' 10 per cent aqueous solutxon.'

;Procedure.f‘ To the te L solutlon 2 ocs. uhe sulphosallnA3 (

- cvlnc a01d reagent 1s added, foilowed after m1x1ng by 2 CCb.“ 

of the ammonia solutlon.5  A Polden yellow COlour develoos
in presence of 1ron (ferric and ferrous) The order of
.addlflon must be adhered to. The test solutlon is then

fmatched w:th standards %1m11&rly prepared.iA;ﬁﬁ

Notéé‘,; ,1nf1uenced by hydrlon manganese,'

s ey s s

The 1nfluence of manganese 1s

!

dlsturbance by the other faotors
can be Drevented py uhe use of 01tr@te buffers and colour
'fllters (h Alten, et al\ 7 Anorg. Chemie, zlb, 81»91 1935)
| The method is stated to be 5en31t1ve to 0.2 mgm. of e
(Laopln % Klll, z Hy 112, 719, 1931) |

Tor ferric iron the tJnu mradatlon and QPnSltlveness‘

'are very 31m11ar to the thlocyanate reactlon Wlth iron.l
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SOdlum,;PdﬁéBﬁiﬁm, 1th1um, ammOHium;-daldﬁqu“ i

“**magnewlum, 21no, alumlnlum, chlorlde, bramlde, 1od1de,:

nltrate, uulphate and Dhospaate do not 1nterfere elther*; ‘
“\in aCﬂd Or 1n alkallmc solutlon._ Mﬂnvanese 1nteriereslf1/x
1n alkallne solutlon by pre0191tqtion of the hydrox1de.‘
,‘Nltrlte 1nterferes in the: ferrlc eatlm&tlon in a01d'

 so1ut1om (Lappln and Flll, Ide)

‘jExbefimeﬁﬁai:‘ Sulphosallcvch Aold.

(10 leits of Te%t:»_ Sﬁandards were‘prépareﬁ us 1ng

- Iron. concentratlons ranglng from L, Pamma “to 100 gamma.v

  A flne golden yellow oolour Was produced,)the @v%dlng

Abelnw very dastlnot It Was found that J gamm&

'''''

o 'represented the lowermost 11m1t of detectlon, the best

‘(fworklng llmlt belng w1th 5 or 10 gamm& as the lower llmlt
.for quantltatnve Work.'glﬂ;i ;~97' : : e

(2) Afiect of Buffer Selutlons ?, Wlth a range of buffer

g.lsolutlons from 1 to ll pH the yellow colour Was. produced i
B only at Q,m O and ll pH It 15 most 1mportant to add A

v]the buffer solutlon 1ast, otherwzse the oolour does not o

'5-‘develop properly. - Later work w1th sugar soluﬁlons showed f

that even at 11 pH the- alkallnlty was ‘not hlgh enough,
"‘aﬂd 1t Was found necesgary to go back to the full ammonla

addlthH.jn The reagent glves Lhe rose colour w1th ferric -
the solution

iron alonme in a01d solutlon, and/must be decidedly alkallne1;_ -

to give the golden«yellow tlnt with total iron{




(3)

The Bffect of Whlae Su@&r%*«

Wel@hed quantlties of Whlte sugar varying: from 0. 5 tg*'”

%o 10 gms. wexre dlssolved in Neos]er glassee in- dlstllled7;
. water and then.eaoh was treated W1Lh 2 ces. of the sulpho-~

- salicylié7reagentJfollowednby 2 ccs. of ammonla, and
made up to 50 000._~ |
- On comparlng the colours produoed, with standard

iron 3olutnons slmllarly prepared the following results

. were obtalned.

(1)

(2)

{5)

w(é)

Per cent iroh"‘fo;OOOQB 0.00008| 0.0007 |0.00009|0.000100. 000
: By ashing the per cent obtalned was O‘OOOOS

.;By the dlrect uulphlde method 1he per cent obtained was.
0. OOOOlo (u51ng 5 gms ) h

There Was no appearance of fading or lightening of
a colouz, and the reagent appeared to be entirely satlsfactory
in nresence of Whlte sugar. 'The variation in the results
obtalned above ‘is.no daubt due to the small gquantity taken
in No. (1) as’ oompared with ten times the amount taken in

No. 6. :

(4) The Bffect of Raw Sugars:-
It was found that the détermination of iron could be
carried out.in raw sﬁgérs of moderate colour byvsulpho-

salicylic acid, and that the results were more reliable
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. than thcse-by%the ashing method.; These results
"coﬁ@ared‘we;; with the résglts of other methods of
estimating iron. Some}tests were carried out to find

the effect of ammonia on the raw sugar alone.

Thevdarkenlng effect of alkalls_on the colouring-
matter of sugars is W311 knoWn. It is important therefore
to know how this affects the colour producéd in the

»colorﬁmetric estimation of iron by sulphosalicylic acid

" where ammonla is added

lgggnill —  25 gms. of Demerara Raw Sugar were dlSSOlVed
in water made up to” 200 ccs.band flltered using Kieselguhr.
Ten" ccs.~of the fllte?ed solutlon were taken in each.of -.
:seven Neésler tubes. | To flve of these were added varying
:amounts of standard iron, solutlon. To one of the-two
remalnlng ammonla alone W&S added, and the other one was
magde up to 50 cos. w1th Water alone. Iron spand@rds were

also prepared in the usual W¢y.

%l(a)-_Sugar and Ammonia alone as blank.

No. Gms.-Féj Gus. ces. 20% ces, 10%  Gms, Fe

added to raw sulphosali- Ammonia  found in
50 ccs. sugar  cylic ‘ - B0 ccs.,
present reagent
added.

1 Nil 1.2% 2 2 00000025
2 0,000010 1,25 2 2 0.000005
3 0,000025 1.25 2 2 0,000015
4 0.000050 1.25 2 2 0.000045
5 0,000075 1.25 2 2 0.,000080
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{(b), 1.25‘g§s..of Taw sugar alone in blank.

No. Gms. Fé .- Gms, ccs, 20%  ccs.l0% Gms., Fe
- . added to ‘raw sulphosall -Aumonia found in’
: BO ecs. - sugar cylic . 50 cecs. -

' - present  reagent -

“ ‘ ‘4\added. :

1 Nil - 1,25 2 2 0. 00005

2 0.000010 . 1,25 2 2 0.00006

-3 0.000025 1.25 2. 2. © 0.00008

2. 2 0.00010

4 0,000050 1,25

~ From No.»l (b) per cent iron in this sugar is 0. 004

This compares w1th Q. 0066 obtalned by the Sulphlde

method.

The vesults in (a) show sllvhtly lems iron found

present than has been added

| An obv1ous PXplanatlon of thlsAresﬁlt 11es 1n -the
fact that whereas in. tne blank 8 ccsa of free ammonla
has been added, ‘a part at 1east of the ammonld in the
sample tube has neutrallsed Lhe sulphosallcyllc a91d,
Formlng pregumably ammonlum sulphosalxcyl&te.

| | TJtratlon showed*-”“ o ‘f E

25 ccs, of 20 per cent sulphosallcyllc a01d required
20 ces. of the . 10 per cent ammonia to produce a yellow» *
colour.; By thratlon agalnst standard a01d and alkall

the - strength of the 20 per cent. sulphosalicylic a01d

was 1,472 Normal, and ‘the 10 per cent ammonia was

1. 712 Normal.
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‘ Yellow SulthSdllcvlate Mlxturo*—ﬁ

| The mlxture produced by tltratlng PO ccs. of the
10 per cent @mmonla agalnst 25 ccs. of sulphosallcyllc’
acid until féilow colouf‘apbeared was Found electro-
' metrical}y to haﬁe a pH of 7.2, An attempt was made
“to use this solution for the colorimetric work, but it
was found that!the alkalinity was not enough.to overcome
the natural acidity'of‘the sugars being tested; A
" further atfem@t to stabilise the yellow colour by using
fbuffers of 8 and 9 pH. (Borax and Boric acid and sodium

 chloride) gave a maximum intensity of yellow-colour only

B Hafterahaifaahiﬂouf. ‘It would be possible, however, to

;keep thls reagent ready-m1xed w1th the ammonia, It
seems obv1ous that the alkallnjty must be hlgh to obtain

-the correct goldennyeljow colour.

Effect of Salts of Heavv Metals on Sulphosalicylic Acld

v_determinatlon of Iron.,

Solutlons of metalllc salts were made up containing

-0, OOOOOo gm. per cc, of-Manganese, Chromium, Copper, Nickel

+ and Lead. “5}‘16 and 20 ccs. of each solution was treated
with an equal quanblty of iron in a Nessler glass and

‘compared with a similar tube containing an equivalent

'amount of iron alone, Two ces, of the reagent were used

in eamch tube followed by 2 ccs. of 10% ammonia, It was

found that these metal salts had practically no effect on

the golden-yellow colour, although a very small difference




Was defected Wlth 20 ccsL
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of Manpanese,

the 1nten31ty

;being sllahtly Pdeter in presence of the foreign salt

Détermjnatioh‘of ifdn after_adding known smounts of

Iron to Raw Supars.

~.amounts of iron were:added,_

To gb_

gms ‘

of each sugar of known 1ron content,

varying

~the‘solutlon belng then made

to 200 ccs, andufiltéréd'using KieSelguhr, 10 ccs. of
filtrate used in each test.
- ‘A B c D
' [No. Sugar| Gms. | Per % Totall % Iron|Original | Difference
: .~ |. Iron | cent |Iron in % Iron of -
“-| . Added| Iron |Found Sugar |Found in C and D.
. |-Added ‘ alone |[Sugar
1. san . |0.0009| 0. 00061~.ooa4 .0048 | ,0036 . 0012
. ]0.0015[0,0060| .0092{.0032 "|.0036 . 0004
‘quingOEO.QQQOHO 0080 .0115 |.0035 |.0036 . 0001
2. Cuban. |0.0009 010036‘*;00462{6610 . 0008 . 0002
10,0015} 0.0060:.0065 |,0005 ~|.0008 .0003
10.0020[.0,0080| .0088 [.0008 |.0008 Nil
13, Java |0.0009|0.0036| ,0046 0010 |.0007 .0003
© 10,0015(0,0060( ., 0071 [L0011 |.0007 . 0004
|o.0020{0,0080( .0086 [.0006 |.0007 .0001

Théée"réﬁﬁlts show that the sulphosalicylic acid

method is reliable in the presence of sugar of moderate

.col

good,

ourx,

colorimetric method.

since the vecovery of the added iron is reasonably

aﬁd”probably within the limits of accuracy of a
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Results of Iron beterminations by Sulphosalicyvlic Acid

and -Ammonium Sulgﬁide-Methods.'

0.00011

; % Fe: Sulphide Method| % Fe: Sulphosalicylic
No. Sample, - ‘ SR Method
Direct  Ashed Direct Ashed
1 Molasses i 0,013 . . 0.108
- Bgyptian 7 “”0.0Bl,y : 0,005
2 TNatal - - |~ 0.0086 - 0.005
- 10,0150 0.013
3 - Raw_Sugars | : S o :
ol o 0,0026 0.0036 0.0014
San Domingo|0.0040  0.0036 - 0.0036 0.0015
4 Java . |eeo 0 0.0013 0.0009 0.0013
o [90012T 6. 0019 0.0011 0.0013
5 Demerars [, oo .  0.0024 0.0020 0.0016
$PYL0 T 0, 0022 ¢ 0.0023 0.0022
6 West Indies [) o000 0,0023 0.0020 0.0016
| ¥ 0.0019 0.0025 0.0018
7 Natal o 00 0.0039 0.0012 0.0007
o . 0052 0,0041 0.0018 0.0014
8 Mauritius 0.0012 0.0014 0.0009
| 0.0020 .~ ¢,0020 0.0015 0.0010
9 White Sugars|
White Beet 0005 0.00007 0.0002 0.00007
B Lo 003 0.0002 0.00007
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It was found here that.5 to 10 mlnutes sufflced to
develop the maxlmum intensity of yellow with the
sulphosallcyllc a01d. With ammonium sulphlde 20 @o 25
" minutes elapsed,before'the:maximum colourxappeared.

'Ohvanélysiﬁg the results it appears ﬁhéfcfhere is
as much llkellhood of error in the ashed samples as ln.
those where estlmatlon was direct’ |

In practlce, these estlmatloné are seldom done in
duplicate: the duplloate results h@r@ reported show .-
large variatlons for. the molasses samples.

The raw sugars results also vary con81derébly, but

are probably as accurate Wlthout ashlng 88 Wlth aahlng.

Results w1th Spekkev Photoelectvlc Absorptrometer for

‘ Sulnhosallcvllc a01d method For Iron.

1Co§d1t;ong.~‘ A ferrou standard iron: solutlon was used
1acé:E§O 0001 gm. Tron containlng sulphuric’ acid to
;prevent hydrolysis. 2 ces., of 20 per cent sulohosalloyllc
acid and 10 ccs, of 10% ammonia were added in phat'order,
toémessler tubes cpntaining4O,5 to 11 ccs. of the standard
iroﬁ solutiéns._ Readings were made.in the Abserptioumeter
. in 1 cm. cellsfusing cbloux—filtér No. 5 and taking the

darkest tube asfst@ndard.
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No. <cecs, - . Gms. Fe ¥ “Parts  Reading
Iron present Fe . . per - in
Solution -in per cc., million Photometer

50 ces. :

1.0 11 10,0011 22 © 22  sStandard

=
o

2.7 ©0.0010 20 20 0.035

4. ©0.0008° 16 ¢ .16 0.060

5. - Y 0.,0007 14 . 14 0.070

6. © 0.0006 12, 12 0.088

o, 10,0005 . 1007 107 0.103

g7 4 Youboon 0.125

R U 0i0003 6 0.140

IR SN SRR U NI RS S e

10. - 0.165

N oy o

8
6
:O;OOOé . A
2 0.185

L=

11, - .0.0001 - -2

0.200

—

12, - 0.5 - 0.00005 1

{7ffhé iarQET ampunt of ammonia was used to neutralise
..thé’exgess;qfaacid.found-neceésary to stabilise the ferrous
standard solution. It will be seen from the accompanyihg
Aéurve'fhatwthemsulphqsalicylic agid coloﬁﬁs with iron

dbey the Beer+iémbert law fairly well, ‘EThis‘graph‘enables‘
iron to. be estimated using énlyone standafd (cohtainimg“ .

22 parts per million of Iron).
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anmlnaﬁlon of a, modlflcatlcn of the Sulphos allcyllc

‘Acid I\![etho;i.. ‘
Aftér‘thé”above work had been bompleted the authbf‘ég
attention was’ drawn to a paper by Alten, Weiland, and Tille
Z Anorg.‘ChPmle, 215, 81 (1905) modifying the sulpho- - -

salicyllc a01d method for 1ron. Details are glven below’-

Pmocess of Estlmation. Plpette the test-solution into a
if'floo cos. flask and mix with 10 ces. of N NH4CI, 2 ccs. of
1
sulphosallqyllc acld, and 20 ccs. of M sodium 01trate.~
T - - ) ’ 10 .
~ Now add N NaOH from a burette: the initial red coloar}

. n 1 3 »_ n
* changes tO‘yerloWared;ubecoming brightersy with very small

Mf*;amounts Ol 1ron 1t may dlsapaear completely.

The caustlc qoda 1s now added drop by drop until the
g'yellow colour r@aches 1ts max1mum 1nten51ty;when 10 cecs.
Cof N NaOH and ao cc f of borate ‘buffer solution of pH 12
areladdedxand the solutlon made up to the mark, After
Lf5 hours bhe remdlng is- Laken 1n a colorlmbter through a
*1blue or v1olet fllter , The colour is more yellow with
;decrease of hydrlon and ohanges to a golden~yellow ab

H;pH 7.9 or- uhereabouts. If Manganese is responsible for

" half or more of the colour visible, re-estimate in acid

S solution, ©
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ggggggigg; NV.NHQCI':n 53,5 gﬁs..per‘litre
,”N‘Dlsodlum CltT&tG:n«'DiS olve 21 01 gms. of oltrlc
107 :

',a91d in 200 ccs. of normal sodium hydroxide and make

u@ to 1 11tre.'
Borate Bu:fer Solutlon 12 pH-~ Dissolve 12.04 gms. of

borlc acid ;n lOOwccs. of COP« free-normal NaQH and made

towlflitre,j'lu.4 parts of N NaOH and 4,6 parts of the
L 10
borate solut:on give 12.0 pH buffer solutlon.

Eﬁﬁerﬁmeﬁtai:;" Thls method was trled out with sugars.
The cololir oradatlon 1n the standardg was found to be
,1nfer10r to Lhat Wlth no buffer present The exact
p01nt When the addatlon of. NaOH should be stopped is very
dlfflcult to Judge, arid the three hours delay before
readlng is a dlsadvantage.‘f Por SUZATS, where no -
1nterference of heaVJ metals is lzkely to occur, the
‘method appears to be too cumb@rsome for use. Several
whzte and raw suggrs Were te ted, and gave good agreemeni

with ‘the fesults,obtained)without ‘buffering.




- 3111-9
DLTLRMLNhLIOJ OF . EROW

Method (13L°- Ammonlum Thlocvanate=~ A red colour is

I-produced when a. thlocyanate solution is- added to a solution
 conta1n1ng ferrlc 1ons. The colour 1ntenq1ty is
\exbremely dependenﬁ upon the comp051t10n of the . solutlon
and is by nQTmeans proportional to the concept?gtion;-

The red colour is due to tyelghdiésqciated sé@ﬁ;&ﬂd

to 1t3 double comnounds, tﬁefibﬁiépd salt béihg colourless.
The red coloratlon fades SlOWlJ on exposure to brlnht

dlffused dayllght

Reapents:%, Ammonlum Thlocvanate°u~ 7 61 gms. of the pure
‘fsalt made to 100 ccs. Wlth dlstllled water‘, thls gives a
”‘mola?'solutign:‘ : A

A standard ferric solution is used.

Procedure:~ The sampiejéolufién‘isftreatedEWith 5 ccs.

of the reagent solution and mdtbhed with standérdasolutiohs'

similarly prepared; in Nessler glasses.

. 5 e e e

.Notés.n Thé.ééioﬁr is pfobably due to a‘complex,salt which
ferric Lhiocyamate form% w1th the alkali- salt: to the 7- d
‘-nota531um complex salt the formula Fe(CNB)B. 9KONS has beenf
attr;buted, A<More reoently the formula Fe[%e(CNS):) has

-been giveﬁ ﬁomihis oomplex. (mcﬂlplne and Soule, "Qualltatlﬁey
‘Chemical’,‘ﬁnalysis';f (Cha—-pman a.na“ﬁall, 1933), p.319)- '
Manv substﬂnces 1ntevfere markedly with the reactlon, the,g
'f’action belng £0 pronounced Lhat it may be 1mp0351b1e toly 

*produce a colour even in the presenoe of con51derable




qﬁantities of iron. Improvement is obtalned UY

'extraotlon of the ferric th:ooyanste w1th solvents such

as amyl'alcohol

cor-ether. N. Strafford,ln an Instltute~

of Chsmlstry Lsoture, (1933) said "the method requires

S0 many precautlons that in v1ew of more reliable methods,

- it nssds no further con31deratlon" Stokes and Cain

(loc.oit.) who investigated the method very fully, stated'~

"the intensity of the colour is so influenced by the

| nature and concentration of the substances present that

unless the test

solution and the standard solution with

which it is"compared have identical composition and

concentratlon,

results varylng many hundred or even

thousand per cent from the truth, may bs obtained",

onerlmental

to csuse fadlng

plnk oolour Was;

>of ths sugar.»

but a serles of

- Thefﬁfesehoe’o% white SuUgars was found

w1th thls reagent ‘With~raw sugars the

‘completely obsoursd by the yellow colour
r.fNwaupthsr tests were made with sugars,

-rea@ings”ﬁasfﬁaken’in the photoelectric

’ absorbtiomstsr, "
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Thlocvanate readlngb thh the Photoelectrlc Absorptlometer.« ‘

Condltions.« A ferric standard solution was used

qontalning 0.0001745 gm. Fe per'cc. : Two ces. of N
vamméniumﬁhiopyanate were added and the volume madé up
to 80 ccs;, reading‘immediately intfhe phqtoﬁeter'in a
l“cm. cell u$1ng No. 6 filter, and taking thgidarkeSt

tube as standard o " | - ”mﬂw 

No. |ccs, |Gms. ¥ . Readings | Readings repeated
“|Iron [Fe ’ Fe per in Photo-|with same :
180lu~ present cc. or meter | solutions.

tion |in 50 ccs.| parts per| - «
- : million
1 }11°00,00192 - | .38.0 Standard . Standard
2| 10l0,00175 | - 35.0. | 0,115 0.06
3 : 910,00157 31,4 - | 04150 0,13

4 .| 80.00140 27.9 - | 0.230 0.235

B | 7 10,00122 | 24,4 | 0,300 0.31

6| 60.,00105 | 20,9 0.410 - 0.42

%[ 5 (0.00087 L AB 0.495 . 0.54
8. | 4[0.00070° | “14,0° | .0.590 - 0.60.
9 S 310.,00082 ] 0 10.4 0,698 - 0,74

10, | 2/0.00035 | -7,0 1 0.860 ' 0.88

11 110, 00017 1 3.49 1.05 1.03

12 0.5 |0. 00008? : ‘l,?%_ 1.16 1.10

The 11me‘plotted on- the graph from the above figures
\Cshows that th@ BeeruLambert law is not obeyed° this may
: be.due to the,fadlng»whlch inevitably occurs with thiocyanate
during the reading of a series of solutions.

It is noﬁewofthy that the'Cuseiapproxiﬁates moré-tq a
straight line when the readings were repeated after some’

days had elapsed.
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*"*ﬁod Ll4ll USlnF TthQlVCOlllc Acwd

e e e

(Mercap,ton acetic acid ‘HB.CHy.COOH, or CgH40.8)

.!Witﬁ‘férfic salts;‘thigglycollic acid giVes a
transienﬁ'blue:coiour due to ferric thioglycollate. .
Excess of the reageht reduces this compound to
ferrous thioglycollate Which'iS"polourless in neutral ofi
acid solution. On making alkaliné, however, an intense
g purplé cqlour”appears caused by formation df\the coloﬁred
B aniénlgﬁé[islcﬂé.COO)é]

This/rgagénthiS‘used'tbfdetermine total iron, since

——y

-fefrid'saltswaré*reduced«féhthé ferrous state by the.
reavent 1tself, Wlthout need for prior reductlon. Oxidising

_'agents should be avolded since they tend to prevent thls

'reducilon, and also mnay Odelse the reagent to Dlthloalycolllc

acid whlch glves no- colour either with the ferric or ferrous
:1ron.» zThe'purpletblour‘ls unstable in the presence of
falrly small amounts’ of stvong alkalls, aﬁd therefore the

ouse of ammonla 15 recommended

:‘Reagents.n Thioglycollic acid solutions- prepared by thé;

: add1t1on of 4 ces. of thloglycolllc acid to a solutlon of

XB_ccs. -of concentrated ammonla in 50 ccs., of water.

Standard iron solution -~ a ferric solution is prepared .

from iron wire.
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‘?wProce&uré* ﬁ:The teat solatlon in a Ne sler glass 15
-tzeated Wlth l ccy of the thloplycol 1c ac3d reagent,
and then made strongly alkallne by the addltlon of

1~ ?«ccs, of concentrated ammonla." IL is now made up
to volume, and comparod Wlth standards similarly
prepared, | | o

Notege~ Arcomparatlvely 1arge excess of ammohia has no

v s vt v i

appreciable effect on the colour produced by a glven
amount of iron,
The preparatlon with ammonia reduces the unpleasant
- odour of the reagent
| The standard& may fade 1n an hour, but even 24 hoﬁrs-
lafer the colour can be restored by shaklng.

! Interference* Chlorldes, sulphates, flourides, and

aphosphates have no: effect- -sodium 51110 te has a bleaching
actlon on the colour._, Coppex galts cause a slow fading,
négligible when bnly‘small amounts are precent

Wlth manganese salts a brown colour develops at first,
' but 1 reduced by the reagent “on atandlng,

Nlckel gives a TedeShwaOWH colour whioh may mask
the iron,colour, cobalt.lnterferes seriously, giving a
: deep‘jellowish brown colour. 'Chromiuﬁ gives a pink-.
ﬁwpurplish«red colour and must be separated from the iron.
‘With aluﬁinium preaent, iron-caﬁ he determined if the

sluminium is kept in solution by addition of -excess tartaric

acid.
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| Thloglycolllé acnd ds. not very smtlbfactory as al
‘ spot test for detectlng 1ron ‘owing to 1nterferenoe by thp o
above metals but 1s suitable for quantltatlve work in |
their absence, .

The reagenf Wlll give an 1mmed1ate coloratzon Wlth
§one part in fzve m11110ﬂ parts of soluulon, and will" glve?'
a colour on %tandlng for a feéw mlnutes in a solution

containing one‘part of ivon in ten million.

EExpérimental:n Thioglycollic Acid.

(1) Test Limitss~ using 5!diops (0.26 ccs.) reagent and

. : > v
“2 ces, of 10% ammonia (5 )

. Series(1).

'Noojdmgifﬁéi"na35ﬁxfff B _Parﬁs _
~present " Fe in * - per Remarks.
~in 50 ces. B0 ecs., | million - ;

1 '{“O;QQQQQS‘Eﬁ ;.B;In?:“ 0.1 The colour grading qu
, é '"05606610{ - iOiﬂ)" VOQE.V immediately very distincté
5 0.000015 15 -..0.5 after standing overnight the
;4 'O OOOOBOiiw fééify 0.4 colours were still distinctl;
5 0.000025° 25 N 0.5 . graded but showed s little

6 0.,000050 50 1,0  intensification on shaking.
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Series (2). As in Series (1) using lower concentrations:

of iron and 0.5 cc,.

of Thioglycollic reagent.

No. Gms. Fe X j}artg

present Fe in per Remarks. -

in 50 ces. 50 ccs, million R

1 0. 000001 1 0.02 . Nos. 3, 4 snd 5 were
2 OgOOQOOB 2 -'fQ;O4ﬁff.dlst1nct1y plnk No. 2
3 0.000003 - 3 70;66 j:appeared plnk only when
4 0.000004 - ;;éfﬁ 0.08 compared Wlth the blank and
5  0.000005 mué,fh‘fiad;ikf 5Tﬂo;45,1 Wo. 1 was
- ‘3;practlcally equal to the

q;,blank tube,f s?
No. 6 blank )

‘Deft overnights:

th@ oolour% next mornlng wcre Stlll

~well graded, the plnks bexng sllgbtly duller,},43L

(2) Effect of Buffer Solutiongs~ . -

Solutions Were'prepared by taking 10 ccs;;cf;standard

iron solutidn.cgntainingrﬁo gémma of iron in 50 ccs., adding ‘

0.25 cc. of thioglycollic reagent,

with stan@ardfbuffer

solutions.

and making up to 50 ccs.

No colour was developed

below 7.4 pH (in the completed tube). . The use;of ammonia

in making up the reagent originally;brought up the pH "

valﬁesfof the final tubes.

fuJTy restored on shaking after 24 hours.

Above 7.4 pH the colour was

The reaction

appears to be more satlsfactory well on the alkaline sldet

The odour of the reagent 1s/obJeotionable when well masked _

by ammonia.
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10 ccs..of standard 1ron solutlon oontalnln@ 50 gamma

of 1ron were placed in each of 15 Nessler alasseo followed
by 0.25 cc. . of the thloglycoljzc reagent and. then by ‘the
'under—noted quantltle% of concentrated (0.88 sp.gr.). |
: ammoola.~ 0,053 0. 1s 0. 2 O 43 0. 6 0.8; 1, 4, 4y 6, 8,
10, 20, 30, 40 ccs.

| In each Case a bright pink colour was obtained initially,
‘ whichifé&ed to pale orange on standing. The iotensity of |
colour was equal in the tubes up to 20 ces. of conecs: amﬁonia:
after thls concentratlon there was disoharge of colour.
On 1eav1ng overn:pht the oolourb dlsapoeared and did not

eqappear on shaklng. Thls 1ndncated that too 11ttle of the

' reagent qu present

(4) Effect of Concentratlon of ThloplvcolTlc Acld°-

(a) _l'cp,’ofyreagent Wzthﬁ;;o ces. of conc. ammonia~and"
50 gaﬁma'of g%oﬁfwore médé*to'5®focs, in a Nessler tube and
1eft overnlght: the colour was permanent throughout.

(b)5 U51ng 1 5 ces. of conc. ammonla and 50 gamma of
iron“ﬁubes were. made up w1th O a, 0.4, O. 6, ‘0.8, 1.0, 1.5,
and 2“O>ocs, of the thoglycolllc reagent. After 0.6 ces,
the colour intensity was not altered by addltlonal reagent,

hbut below O 6 cc. the plnk tlntq were progr8531vely weaker

and less stable on standing.




~319-

(¢) With 1 cec, of thioglycollic reagent, bright
and stable colours were obtained when the ammonia was

varied from 0.2 to 20 ccs.

Conclusionss~ 1.5 ccs. of conc, awmonia and 1 cc. of

thioglycollic acid reagent are the optimum amounts to use,.

(6) Effect on Sugarss-
With white sugéfs ﬁheré.was no fadihg of the pink
colour with 5_gm§.’of’white:sugar‘preSent, but wifh yellow

or raw sggars the 1ea§tqtrécé ijyel1ow}ﬁaskedfthe pink
colour cdmp;etely'and;réﬁdered’Eompérisoﬁ*iﬁp@ssible,

| The method appears'suiﬁéble for detérminéiiongf
iron in white.sugars; bu$ §anno% beuabpiied ithreéeﬁﬁe of

coloured sugars.
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Determihation of Iron in Ashed Sugar Productss

Comnafiéon“of Thioalycpllic Acid Method with Sulphide

and_Sulphosalicylic Acid Methods.

"No.

.. Sample -

9 T ROXN

By Thioglycollic
, Acid

By Ammonium
Sulphide

By Sulpho-
salicylic
Acid.,

Bgyotian
Molasses

0.013

. 0.081°

0.005

\Naﬁ&l -

Molasses

0,021
- 04040 .

. 0.0086

0.0150

0.005

0,013

San Domingo « «.

......

20,0017 -
10,0019

L0,0026

0,0036

0.,0014

0.0015

| Java

0.0009 " .

| 0.0013
” 4;0 ° 0019

0.0013

10.0013

-
§,

Denmerara

0,0008

o ovooll

0.0024

0.0022 -

Wésf‘
oo Indies

0.0014
0.0014

0.00:23

0.0019

55Q,0016",
-0.0018

Natal

0.002=
0, 0017

- 0.,0039

0.0041

0. 0007

0.0014

Mauritius

0.0010

0.,0010

0.,0012
0.0020

0.. 0009

0.0010

P

‘The results are shown in duplicate. The same order

of results obtains for the three methods.in‘ﬂhe case of.faw:»“

sugars, but the molasses figures are very widely divergent.
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Determihatidn of.Iron by Thioglycollic‘ﬂcid

" Readings_in Snékker Photoelectric Absorptiometer.

| P
No. Fe P,P.M. Fe . Mean Scale
‘ ' ' in 50ygeshv‘ Readings.

‘125 - | 0.080
lOUT S 0,077 :
75 0.106 ¢
;60 < ol 0.124
~ B0 .. |i 0,132
Czse P ol1s0
B ‘0,188

O OO G-

o

OO OCHREHDL W
.® % e 5 e 0 8 e = o

Bt R Ro R VI No e K e)
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—ESTIMATION of IRONSYTHIOGLYCOLLIC ACI1D—
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DETERMINATION OF IRON,

N

0 & ! Dipyridyl
Gy oHgl, pyridy N
Ferrous salts react in solutlons of mineral acids

Method (15):- Using

with this orgahic base to giVe a. soluble deep red oomplex

aation $ this 1s very stable and possesses the coaordlnatlon
' . =+ '
formula

Ferric salts do not Ieact under the same condltlons.
Other ammine- formlng met&lllc ions in a01d oOJuthH also

react with the. reapent but onWy give weak co]ours.

See TFeigl and Hamburg,z- Anaiyt Ch. 86, 7, (1931)
also W.D, NbFarlane J.I. E.C, Anal, Ed. Vol 8, p.124, (1936).
¥or preparation of cﬂ-eﬂ':Dlpyrldyl see. E. blau Berlchte,

21,.1077, (1888), and Hein and Retter Berlchte 6L, 1790, (1928

Reagentss~ o <! Dipyridyl is used as a 2 per cent solution
in hydrochloric acid or in alcohol, A ferrous iron standard
solution may be employed. McFarlane (loc. cit,.) uses
artlflclal standards (made from cobalt nitrate) in a photo-

eleotric colorlmeter.

Procedures~ The sample under test is ﬁreated with 1 cc. of.

th@ Dloyrldyl reagent, and then 0. ?b ce. of 0.004 N'Tjtanou%am‘

chloride solutlon or a Llny fragmsnt of solid sodium
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thiésulphatetiéAadded to réduﬁe any ferric iron to the
ferrous coﬁditign. The sélﬁtion is diluted to 100 ccs.
with acetate buffer éolutioh of ﬁHué.V (made by mixing
_ equal part% of 0.2 N acetic acid and 0.2N. NaOH) and |
icompared Wlth standards prepared in the same way.
ﬂgggg.pz The ferrous dlpyrldyl compound reaches 1ts‘
max1mum 1nten51ty of coloux 1n a few minutes When the o
pH 18 above 3 5.-~ S

The method 1s most satlgfaotorj when the range is

O 35 to 3 O gamma oer cc.A

EXpeerental.

'\,

(1) Test le1ts:~‘ A 1 oer cent solutlon of the reagent in-

alcohol Was used. : Standards were made contalnlng from
l to 20 gamma of ferrous 1ron 1n 50 ccs., Wlth 0.5 cc, of
the reagent added to each tube. |
The colours Droduced varled from very pale pink to
plnklsh red They 1nten51f1ed to. a maximum 1n 10 mlnutes,
and became duller after about 2 hours without show1ng |
serlous fadlng. The colours were then 1ndef1n1tely stablei
S With O 0002 gm. of iron (1 part in 250, OOO)_a very brlght
deep red—colour was produced;_ The lowest amount Wzth thch
a pnnk colour could be discerned was O 04 gdmma per cc.vkx

(2) Fffect of Buffer-Solutlons:- A series of testS‘shoWéd»

- that the maylmum colour 1nten81ty persisted between 5 5 and 8.u
"pH thls conflvmlng the llmlts mentloned by Snell [:Colorlmctrlc
hm@thods" Vol I p.Slé] 'OuLW1th theseﬁllmlts the colour. . was

‘,not 80" pronounced.
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(3) Effect of Sugars:~ With white sugars there was

no change in the colour.with 5 grams of sugar added.
;Raw suUgars of even 11ght yellow colour masked the red

completely, giving at bhest a dlrty ordnge colour

_(4) Readings in “3Dekker“ ?hotoelecfrlc Absorotlometer°«
Using a 1% alcohollc uolution of 6‘¢*'Dipyr1dyl~ 0.5 ccs.'
of this re&gent added to each Nessler glasa. " The n
.colours ptoduced V&rned from very pale Dlnm ‘to pinkish-red,
' and Lnten51f1ed ullghtly on standlng rﬂacthg a max1mum
 after gbout ;O;mlnutqg.‘ Slow fadlng occurred after two

hours.

. lNo. . ' Fe. P.P.M. Mean Scale
e i .. Readings,.

o L.072

C..069

L0867

. 064

. 058

.052

046

-] 04:1

. 053
standard

Ll @ 2 L] * ° o » ° P ®

OOOOOOOM#@@

N U NRUR IR
CONO PGB RO,

[ N \ K
HOO®Ioo® W H ]

These res ults were plotted graphically, the line obtained .
'belng verJ nearly stralght, shoWing that the BeermLambert,

law is followed by thl% reactlon for the limits taken.
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%UMMARY or RFSULTS'

- FOR THE - COLORIMETHIC DFTERMINADION OF IRON
' No.| Method \thimum  : Fadlﬂa With Wiih :
* = Reaction  |of White Raw
| At Standards Sugars sugars
-1 |Acetyl~acetone 1.0 pH or [Do not fade ~Useless Useless
: ‘below - - ‘ .
2 [Alloxantin 11 pH or [Do not fade Useless Useless
‘ above . '
3 | Ammonium High Darken on Fair Fair
Sulphide alkalinity standing :
4 | Dimethylzglyoxime | High Fade - Useless Useless
_ SN alkalinity [slowly- '
5 | Dinitroso~ ' ' Intensify on ‘
| resorcinol S'pH_ standing Useless Useless
6 | "Ferron" 2 to 4 pH Stabie Good Useless
7 | K. Perricyanide | High . [Fade - No - Useless
e _.a01d1ty .zm,a;r_aidl;y'~"w - fading ’
8 | K. Ferrocyaﬁiae. 0.1 to 0, Br Intensify on | Slight Useless
Norma.l long standing fading T
Cscidity | T
9 | Pyramidon \100 pH : Fade slowly. Good Useless
: 0,2N acid - ,
10 Pyrocatechiﬁi 5 pﬂ green [Fade slowly Useless Useless
R -11 pH violq - -
11| Salicylic acid* 4~pH Tadeif&@i@ly* ‘Useless Useless
12 Sulpho%allcylzc" 'ngh i Do not fade Good Good
aclid al&allnlty
13} Ammonium pH’5 to 7 |Fade rapidly Useless Useless
| Thiocyanate. o o '
14 Thioglycoliicuadid High {Do not fade Good Useless
. x alkallnltv :
15| oA ot! Dipyridyl .5 to 8.5|Very slow fading Good Useless
pH - : ' '
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SUMMARY OF RESULTS FOR THE COLORIMETRIC DETERMINATION OF IRON.,

Method,

|Pest Limits

Parts per

~fmillion

Time for

Development of
- full colour

minutes.

0.04 -

1. Acefyiﬂaqétone 1fQ. }“ﬂimmediéte
2.  Alloxantin : 0.4 VL_Imﬁeaiate
3. Ammonium Sulphide :651,_ 20-25
4,'Dimethylglyoximé.f“lA ‘ O’?»Euh, .15wfﬂ
5. 2314 Dlnltroso resorcznbl;O,iAﬁ.a Very éiaw
6.‘7nlodo 8-Hydroxy . |
Quinoline  ~ T B »
5~oulphon1c ACJd ‘ Oﬂlgﬁ?'=‘ 1mmed1ate
7. Potassmum Perrlcyanlde\; 5i5f»;‘ Immedlate
8; Potaqs1um Ferrocyanldefz'O:élﬁ 5-10
9, Pyramldon : ;o.gg | Immediate
10. Pyrocatechin "O;é: Immediate
ll;rSalicylio_Aéidv 0.6 xmmedlate'
12, Sulphosalicylic Acid | 0.02 Immediate
;Ammgnium‘fhidoyanate“” 0.02 Immediaté
14, ThioglycoliiC‘Aéid" ”" 0.06 & Immediate
15. oA cﬂ’iDipyridyi‘ ;H { 'lO-‘
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Di%CUSSION.-; It is evident from the‘fabulated reéulfgaf
that the methodo most sultable for determlnwnw iron in
the presence of sucrose are Lhoqe emnlovinv (1)’"Ferron"
(Sf‘Pyr@m;qoni’(S) Sulpho%allcyllc Acid, (4) Thioglycollic<
-Acid,.(ﬁ}éigabﬁpyfldyl, (6) Potasslum Berrocyéhide; |
and {7) Ammonlum Sulphlde. s |

of these methods, the Sulnhosallcyllc procedure
1appears to oe the most satlsfﬂotory, since it can be
"used dlSO 1n the presence of" moderately coloured sugérso
It has also the advamta e of low costs some of the _:
reagents are- expenq1ve, e‘q; WEJYDipyridyl costs 24/~

per gram at,present, and thls hlnders 1ts generdl use.

: RL@OMMﬂNDATloN.-i The | Eulphosalicyllc ACld m@thod for

determlning 1ron appears to offer advantages over any -
other method Lrled, and it. 1s reoommended as sultable

“for use With sugar product& Plther W1th or Wlthout

1n01neratlon.
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- The reactions of orgenic compounds with ferric chloride.,

A, Reddish colbfatioh or precibitate:«’ gijen by

almost all 81mpie carboxyjlc a01ds.d

B. JIntense yellow colorat10n°w given by nonwphenollc

alnhanhydroxy a01ds.

Ce Green blue or v1olet COlOT&thHS. 'givén by‘most

\nhenols and phenollc oomnounds (some 1n alcoholic
solutlon only). KetOnenollc esters, and similar
compounds,x ' ””A_f4> ‘ '

' The bermanence of the colours varles vreatly, somé-
peTSlSt 1ndef1n1tely, some dlsappear only after several
minutes, Whlle otherq change 1n tlnt almost dimmediately.
In some caoes, phenolq‘glve colorutlons Jn alcohollc
solutlon, but none in water solutlon. »

Pyrocatechin, acefy1~acetone, sallcyllc and
.sulphosallcyllc a01ds are example% of the dbove classes
of comoounds which have been adapted to the colorlmetrlc
Aest;mat;on of 1ron.k

Tésts were made Wiiﬁvaufew-compounds in an endeavour
to adapt them for quantitative use.

With thymol ﬁhe:colour produbed was- transient and
not very deep even Wlth 1arve amounts of irons with buffer

solutlons and W1th ammonla9 sodlum carbonate, and sodium
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hydrbiide resPecﬁively, no improvement résuited; - . The
rsolublllty of thymol is only 0.3 part per 100 of water
'at 15 C, and thls ‘vendered it unsultable, 31noe with
| alcohollc solutlon preclpltatlon occurxed on addition -
to the iron solution. \ - _ |

| 'Wlth vanillin (solublllty 1 ‘part per -100 of water
at 1500) and salol (1nsoluble 1n water) no "better
results were got The salol dlSoOlVGd 1n alcohol and
ether gave ‘9 falnt v1olet colour W1th 10 gamma of irom,
and w1th methyl %allcylate in- the same solvent a f&lnt
C pink colour resulted Wlth the same quantlty of iron.
- Byvidently the insolublllty in w&ter is a drawbacx to the -
‘use of these compounds for the colorimetrlc detection of“
iron, | | 5

In general,vféfroﬁéCSQité rééct Witﬁka;gfoup

contaiﬁing’enoiisable hydrogen such as TIQOZé:N;OH in
anlOpen chaih, WHereas'the chbiQatibn of~ah alcoholic
- group wiﬁh‘anAéxime,.which is specific fbrhbuprous
chpﬁef does not react with fgrrousAiron, (éee Dubskf'
& Langer, Br. Chem. Abstr., AL, 638, Dec. 1938).

The rate of fadlng of the colours produced 15 generally
the
dgpendent ‘on The natuve oﬂ/groups pvesent in uhP compound
‘,formpd, and how prone such groups may be to Ohldlse, g.*

.Wlth the 0\0* D?pyr1dyl comnound there 1% 1tbv11ly nothlng

~present to oxldlsa,
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-~Qﬁhér Tests for Iron.

" Some methods of detectlng iron are here listeds

‘these Were not 1nve tlgdted in this work,

. Determination of iron by a colorimetric method

using QO=phenantihroline. Saywell and Cunningham,

J.I,E.C., Anal. Ed. Voli. 9. No., 2 (1937).

FWormaldoxime gives a violet red colour with iron

in several minutes (Deniges C.A., 927, (1933)

‘Determination -of Iron by Iso-nitroso-acetophenone

(Krghnk65 Gas;u;'w@ssérfach,vo, 510, (1927);
Brit. Chem. Abs., 8, B, 54? (1907)

Determlnatlon of Iron by the colour of ferric chlorlde‘

’“1tself= 7. Hostetter (3. Am. C.8., 41, 1531, (1919).

Chromotrop:c aczd (l, 8 Dlhydroxy naphthalene,

6 dl@miphonlc ac1d) is stated by Gutzeit to give
a COlO]?atlol’l W"L“i_,h_ 'LI'OI'I alLS.

Di~ 1son1trosa acetone plves a’ blue colour with

ferﬁpgs'sglts (Dubsky‘and‘Kuv@s, Chem., Listy., 23, 496,

(1929); Br. Chem. Abs., 4, 4, 1414, (1929).
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