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LNF:0DUCT ION .

The possibility of observing spectra arose from
Newton s observation (16669, that white light, in passing through
a prism, is dispersed into & spectrum., A spectrum is the
ordered arrangement of rediation, in accordance with its fre-
guency or wave-length. Wollaston and Fraunhofer (1802-1317)
6bserved light, and dark regions in the sun’s spectrum, ceused
by absorption of continuous radiation, by the vapour of elements
in the sun’s atmosphere. The spectrum obtained, when light

has passed through & medium, is known as the absorption spectrum

of the medium,

When light passes through any homogeneous transparent
medium, it emsrges diminished in enesrgy. Part of the light
may be scattered at the surface, part scattered in the interior,
and pert reflected at the surface. The remainder of the non-
transmitted energy is said to be absorbed. 1t may be trans-
formed into heat, into fluorescent or phosphorescent light, of
wave lengths differing from its own, or it may cause changes in
the energy levels of molecules, or their constituent atoms,
processes which may give rise to photochemical action.

The ultra violet region of the spectrum was first
discovered by J.W. Ritter in 1801, and the earliest recorded
observations of absorption snectra were made by Brewster in
1833, though the first serious work done, in the ultra-violet
region of the svectrum, appears to have been that of W.A.

Miller and ¢.G. Stokes. In 1862 Stokes end iiller independ~-
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ently communiceted to the Royal Society, the resulss of
experiments on the transparency of various substances in the
ultra-violet, In Stokes’ instrument the ultra-violet rays
were rendered visible by fluorescence, but Miller’s was a true
quertz spectrograph. In 1872 W.N. Hartley came into possession
of the instrument, which Miller hed used, improved it, and con-
tinued earlier investigations.

During the hundred years, which have elapsed since
Brewsters observations, the spectra of an enormous number of
substances heve been measured, Much of the work done, prior
to the last twenty years, was of little value, since the methods
employed were only at best semi-quantitative, compared with those
availablé today. Hartley, and workers after him, introduced
some uniformity, and the wave-lengths of the maxima recorded were
fairly trustworthy. The curves, however, do not give any idea
of intensities, and fail to reveel the detailed course of the
absorption, Hartley, and later 2.0.C. Baly and other workers,
'attempted to establish the relationship between the chemicel
constitutibn of an organic molecule, and its absorption spectrum,
but .they investigated compounds whose structures were toco complsx.
Vietor Henri, and his pupils, carried out the first systematic
investigation of the ultra-violet absorption spectra of simple
organic molecules, and the intfoduction.of apvaratus for quanti-
tative absorption measurements, such as that produced by lMessrs
Adem Hilger Ltd., London, during the last twenty years, has

resulted in the quantitative dzta which is availeble today.
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Absorpt ion spectrophotometric measurencits were first
used by the nhysiologist Kerl Vierordt (1873,1876), who applied
them to the study of body fluids, An excellent account, of the
work done in this field since that time, is given in the text
book'bpectrophotometry in Medecine: by Dr ILudwig Heilmeyer.
Absorption measurements are slso widely employed in the identifi-
cation of unknown compounds, and in the prediction and correla-
tion of structures. They form a valuable tool in organic, and
physicel research today.

‘ The work to be described in this thesis can be conven-
iently divided into two parts. The first part includes a
theoretical discussion of those absorption curves of the explos-—
%ﬁi;ﬁﬁ?ﬁ?@ét&%@%ﬁ6u%§i?i@iﬁﬁﬁfﬁ%ﬁﬁf2§?g§¥3%2§?%33§J§ﬁ§é€iéﬁﬂgﬁﬁf<ﬁ?
the mechanism of the dermatitic action of tetryl, and ¥.N.T.
(2:)436~trinitrotoluene). In this case, ultra-violet spectro-
photometric measurements are of particular value in following
the course of the reesctions, as the concentrations of the inter-
acting substunces are necessarily minute.

Tetryl dermatitis represented more than half of the
t?tal incidence of dermatitis in the explosives industry during
the world war 1939-1945, mercury fulminate approximately one
third, and v .N.?., amhonium nitrate, shellac, picric shellite,
lead azide, etc., represent the remaining fraction. ihe most
irrifant explosives are mercury fulminate and tetryl, and

although w.N.I. has not such a high incidence, it may produce

a very severe form of dermatitis, although evidence on this is
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very conflicting. Tetryl presents a contrast to T.Q.T, in
~that its systemstic toxicity is low, and its sensitizing poten-
tial high, whilst the reverse is true for T.N.T.

Workers in tetryl factories are exposed to direct skin
contact while handling the substance, and to inhalation of the
dust:; 1in spite of precautions the skin of these workers is
almost always stained, énd the proportion of workers, not pre-

" viously exposed, Who beceme sensitized, may be as high as 30%.

- The period for sensitization is usually between ten and fourteen
deys. The preventive measures aim at minimizing contact, by
reducing direct handling as far as possible, by diminishing dust
in the shops by proper ventilation, and by the provision of a
screen between the skin and the tetryl, in the form of a barrier
ecream, which is applied to the surface of the exposed skin. It
has been observed, that lesions appear primarily on exposed skin,
on the hands, face, forearms, wrists, back of neck, ankles and
feet.

The following short discussion on the composition and
properties of skin, is impor%ant in the chemical investigation of
tetryl dermatitis,

' The skin protscts the deeper tissues. vIt contains the
peripheral endings of many of the sensory nerves, plays an -

important part in the regulation of the body temperature, and
possesses limited excretory and absorbing powers. It counsists
principally, of a layer of vascular connective tissue named the

corium, and an external covering of epithelium termed the
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A section through the skin, showing the epidemis
and corium, a hair in its follicle, the arrector pili
muscle, and sebaceous glands opening into the hair

follicle*
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gpidermis. Beneath the epidermis there are certain organs
with special functions, nemely the sweat, and sebaceous glands,
and the bhair follicles. The photographs on page 4 , show
clearly the arrengement of thelvarious layers in the skin,

The arteries supplying the skin, form a network in
the subcutaneous tissue, and from this network branches are
distributed to the sweat glandé, the hair follicles, and the fat,
Other branches unitein a plexus immediately beneath the corium,
end from this plexﬁs fine capillary vessels pass into the papil-
(iae. The lymph vessels of the skin form a superficial and a
~deep network, which communicate with each other, and with the
lymph vessels of the subcutaneous tissues by obligque branches.
In eddition, the tissue cells are bathed by tissue fluid which
acts as an intermediary, bringing nutritive material, and
removing the products of metabolic activity; |

Free nerve terminations, which sﬁbserve pain sensi-
bility, are found in ﬁhe skin and other epithelia. Filements
-0of the nerves pess up to and between the epithelial cells, or
actuélly in the cytoplasm of the tissue cells. This observa-
tion is important, as the nerve endings would be readily affect-
sd by changes in cellular mechanism, such as might be produced
by a noxious agent.

There are also present in the tissues, tvwo sefies of
pigments to which the name cytochrome is given, and these can

be seen, in living c¢2lls, to be undergoing repeated oxidation

and reduction;
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The follovwing definitions of certain terms, used in
immunological chemistry, are also important, as we shall see
later, in the investigation of tetryl dermatitis.

If a drop of dilute egg albumin solution is added to
the serum of a normal rabbit, there is no change, or evidence
of interaction. But if this foreign protein, egg albumin, is
injéotéd into the same rabbit, an alteration slowly takes place
in the reactivity of the animal, The foreign protein may be
termed an antigen since it sets up changes in the rabbit result-
ing in the appearance in the animal serum, of new substances.
These appear to be modified serum globulin, and are termed anti-
bodies, They are capable of reacting chemically with the anti-
gen, if this is introduced again, and of removing it from the
blood serﬁm. Antibodies are specific for the antigen used, and
do not react with other antigens, even although they are of the
same class, Tor example, egg albumin antibody does not react
with horse serum albumin,

Specific polysaccharides, and even certain lipids, may
act as eantigens, but in general most antigens are proteins.

The term Hapten is applied to that portion of a complex antigen,
‘which is responsible for the serological specificity.

- Allergy refers to an altered state, in which an
Vanimal becomes locally, or wholly, sensitive to an antigcen, If
the sensitized animal shows alarming or fatal generalised symp-
toms on re-injéction of the homologous antigen hspten, the

phenomenon is called anaphylaxis.
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Tvidence hes accumulased, that animals can be made
sensitive to relatively simple substances, which, by themselves,
are ordinarily incepable of eliciting any immune response, and
can only act in the sense of haptens. Many instances of drug
allergy appear to be of this nature, and the simplest explana-
tion, at present, would seem to be that in certain individuals,

a conjugation of the drug, or hapten,'takes place with the body
. protein, which gives rise to the sensitization phenomena.
During the last fifty years, a vast amount of informa-
tion has been vpublished on the toxic, and skin .irritating proper-
ties of arometic nitro-compounds. The major part of this evi- |
dence is statistical, and of very little help in elucidating the
mechanism of dermatitie action, One paver may be mentioned,
however, namely that by Enid Smith (Brit. Med. J. I, 618, -1918~-).
Rarlier theories, on the mechanism of tetryl dermatitis, were
directed along the following lines:=
(1) The sharp pointed crystals of tetryl mey cause mechanical
irritation of the skin.

(2) The tetryl may be dissolved in the natural gresse of the

| skiny end thus transfefred to the cells of the sebaceous
glénds and hair follicles, where it may react with nucleic
acid.

(5)’ Tetryl dermatitis may be the manifestation of an allergic

regsponse to the irritant.
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During the last few ysars, however, Larl Landsteiner
and co-workers have demonstrated without reasonable doubt, that
skin sensitivity is an immunologicsl reaction, i.e. that it is
the result of specific antibodies. The most likely way for
this to happen, Trom both chemicel, and biologicsl evidence, 1is
via the prdductiqn by the excitaent, of a conjugate with the body
proteins of the recipient animal.

BP,G.H., Gell (Brit. J. of Experimental Pathology, 25,
174, -1944=) has found that the coupling of tetryl with protein
occurs through.the methylnitramine group of the tetryl molecule,
since compounds eontéining the N~2:4:6—trinitrophenylamino
group, or potentially cepable of forming such a group by combin-
ation With the amino groups of proteins, were found to have the
ﬁroperfy of eliciting the skin reactions, He further directed
his attention towards the discrimination between the various
types of antibody, nemely, those résponsible, respeetiveiy, for
the skin_reaction, the anaphylactic reaction, and the precipitin
reaction, He found & contrast between the systemic nature of
t he sensitization process, occurring via the lymph and blood
streems, and the localization to tissues of the characteristic
sensitivity reactions. Gell concludes that antibodies are
produced and are usually fixed in cells, but mekes the hypo-
thesis thet the antibodies may also become fixed in wandering
cells.

The work, described in this thesis, includes a
chemical investigation of the reaction between wromatic nitro-

compounds and skin proteins.



BLEM SHEAY TESCRKY 01 SPECTROSUURY .

Absorption or emission of light was, at one time,
thought to teke place by reason of a corréspondence betwesn
the periods of vibration peculiar to the molecule, and the light
absorbed or emitted. This classical theory rails to explain
the formation of the characteristic shafp spectral lines in
emission spectra.

Bohr introduced the quantum theory in 1912, stating
that the process of rediation involves a change of energy, Which
takes place by transition from one energy state to another, the
chaeracter of radiation being allied to the change of state in
atoms, in the following way.

For a given atom, a series of energy states E,, T,
B3, —=- are possible, These energy stutes can persist without
any radiation taking place, but if the energy of the atom is
reduced from By to B, the difference of energy By = Fy 1is
emitted as monochromatic radiation of frequency of vibration v,
determined by Bohr’s relation hv = B, = 3 Where h = universal
Planck,s gconstant,

The absorption of radiation is similarly related to
the energy levels of the aton, Increase of energy from By to
Bz, can take place by absorption of a quantum of radiation of

frequency v, where hv = Ep = B » This theory has been modified

with the edvent of wave=-mechanics, but the electrons are still
considered as capable of existing only in a series of different

electronic states,
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In vapours and gases at low pressures, the absorstion
spectra consist of discrete lines, and these are assumed to be
true molecular swnectra, The fine structure in these spectra
is blurred by disturbing influences, if the molecules are brought
into close proximity to other mblecules, as, for exemple, in the
dissolved state.

Thereas the ultra violet and visible region corresponds
to electronic traensitions, the neer infra=-red corresponds to
: ~oscillations of atomic nuclei composing the molecule, relative
to each other, and rotation of the molecule as a whole, and the
- far infra=-red corresponds to rotational changes. Just as in
rotation vibretion spectra there is a superposition of rotation
spectra on the vibration speétra, it is logical, that the elec-
tronic spectra should involve & superposition of both rotation
and vibrational spectra. Electronic transitions will thus
determine the generalolocation ol the bend system, vibration
transition will determine the positions of the individual bands,
and rotation transitions will detérmine the fine structure of
each band.

Laws of Absorption.

quantitative measurements of absorption are based on
two fundemental laws concerning the relationship between the
intensities of light transmitted by a layer of absorbing sub-
stance, and the light incident on it.

4
Lambert s Taw states, that the proportion of light absorbed by

a substance is independent of the incident light intensity. By



11,
light intensity is meant the quantity of light energy incident
in unit area in one second (erg/cmz/sec), or in terms of the
quantum theory, the intensity of a given wave length is the
number‘of guanta of corresponding frequency reacding 1 cm2 in one
second.
If I, = intensity of incident light entering the medium,
I = intensity of light remaining after passing
_through path length 1, and
| -1 = path length, passage through which reduces the

X
light intensity to 1/10th of its original value, then
K1l
I =110
K = constant, called the extinction coefficient

depending on the medium, end 1 is in centimeters.
§g§£:§_gg§‘states,'that absorption is proportionsl to the number
of molecules of absorbing substence, through which the light
passes, i.e. to the concentration of the solution, if the solvent

is assumed to be non-absorbing,

If I, = light entering the solution,
I = light after passing through length 1 cm, and
e = concentration,
~l¢tc.
then I = 1,10

When ¢ is expressed in gram-molecules of absorbing
substance per litre of solution, and 1 in cms, € becomes a
measure of absorption due to a single molecule, orvthe molecular
eXtinotion coefficient. The expression log,, %l is known as

the density of the absorbing medium.
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I
»

Deviations from Beer s Taw usually arise from formation
or disintegration of molecular aggregates, interaction between
solute and solvent, or disturbance of equilibrium, between two
types of absorbing molecule present in the system,

The following equation, and units, are widely used in

spectroscopic measurement s

1 Preguency
wave=length Speed of light
a9

meters x 10

Wave number =

Tave=length Millimicron

Y

]

Wave number waves per cm,

, -12
vibrations per (sec x 10 ]
10
3x 10 cm/sec.

T

i
f

Frequency Fresnell

i

Speed of light =
In récording absorption data, it is sometimes desirable
to specify the band half width and band strength /‘.’dV. The
theoretical aspect of the‘intensity and width of an absorption
band, is discussed by‘N.G. Chako and T.W. Fdrster, and given in

a paper by R.A. Morton (Annual Reports of the Chem. Society, =1941-)
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The Theory of Ultra-Violet Absorpilon Spectra.

tThe correlation between the colour of an organic
compound and ité structure, has interested chemists almost from
the beginning of organic structural formulae. It was very early
recognised that some sort of unsaturation was necessary, in order
that a compound may be coloured i.e., absorb visible light,
(Graebe, C., and Lisbermann C., Ber., 7, 106, -1868-). This
ides was extended by 0.N. Witt (Ber. 9, 552, -1876-), who called
certain unsaturated groups chromophores, with the stipulation
thaet their presence was required for a compound to be coloured.,
Further, he designated another set of groups, generally saturated
i.e. containing no double bonds, as auxXxochromes, and their pre-
sence enhanced the chromophoric properties of the chromophores,
Théée ideas of unsaturation, and chromophoric and suxochromic
character, have undergone many modificatioms and developments
until in recent years, they heve been combined in the theories
of Dilthey and Wizinger, (Wizinger, R.K., Organische Farbstoffe,
Ferd, Dummlers. Verlag Berlin v Bonn =19%35-),

It is noﬁ known, that the abéorption of light by
organic compounds, in any region but the fer ultra-violet, is
certainly associated with the phenomenon of resonance in systems
containing multiple bonds (Bury C.R. J. Amer. Chem. Soc., 57,
2115, =193%5-}). This is esxzecially true of dyestuffs, which
contain many double bonds and aromatic groups in conjugation,

~and a number of attempts have been made to calculate the absorp-

tion spectra from almrst first principles, for a number of simpler
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conjugeted systems, {(Sklar, A.T.., Forster 7., Mulliken R.35., and
Sponer H.) For benzene, for exanmple, the quantum mechanical
solution gives two roots Vig = & + 2.4X and Wg = &, Wwhere Q 1is

the coulombic energy andelis a single exchenge integral between
a‘pair of adjacent carbon atoms. The frequency of the first
absorption band of benzene should be 2.4¢ /h, where h = 6.55 x
10“27 erg. sec. The same calculation using the value 49Keal,/mol.
fore has been made for a number of other condensed ring system
hydrocarbons, which give results agreeing quite closély with the
observed value ofA»max.

A.L. sklar (J. Chem, Phys. 7, 984, =1939-) considers
the intensification of ultra violet absorption, in substituted
over unsubstituted benzene, to De attribufed to the destruction
of the six'fold,symmetry of benzene, by the partiel migration of.
an electron to the ring or out of it. It is known empirically,
that the absorption of an organic compound is determined by two
factors: first by its skeleton of unsatufated bonds; and second
by the groups or radicals attached to the skeleton.

It is found, empirically, that'a large intensification
usually goes hand in hend with a large directing power. The
difference between these two phenomena is principally, that the
directing effects depend upon the disturbance of the ground state,
(and &lso upon'the groups being attached), Wwheresas the intensi-
ficetion depends upon the perturbation of both the ground and the
excited state, Thevsame fundament &l mechanism, however, under-

lies both phenomena, namely, a distortion of the six fold



symmetry of benzene,

In developing his theory of directing povwer, SKlar
considers two effects of the substitution: a distortion of
charge distribution by induction, and a migration of charge
between the ring and the substituent. The induction caused by
the polarity of the ring radical bend, may be treated as a
disturbance, which will average the energy levels. Two levels,
only one of which is forbidden in combination with the ground
state, may be mixed, and make the fofbidden transitions partially
allowed. The inductive effect, however, does not produce large
intensifications. The migration effect must then be considered
for large intensifications in absorption,

After a highly mathematical account of the migrating
electrons, and the extent of the migration, Sklar concludes,
that a radical will produce a large intensification of the
absorption if it has a low ionization potential, a pair of non-
banding P electrons, and a not too large ring radical distance.

I.M. Klotz (J. of Chem. Zduc. P.328, =1945~) summarises
this mode éf treatment, by saying, that a substituent, which
modifies a molecule, so as to increase its possible resonance
forms, will in general increase the number of configurations
contributing to the excited state to a greater extent than it
will increase the number céntributing to the ground state, con-
sequently, the excited stete is stabilized more than is the
gfound state, and the difference in energy between the two 1is

decressed, The radiation, corresponding to a transition -
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between these two states, will be shifted fo lonzer wave-lengths
i.e. towards the visible; in comparison to the absorption of the
uhsubstituted molecule.

G.N. Tewis and M. Calvin (Chem. Review 25, 273, ~1939=)
try to obtain & better understanding of light absorption data,
by applying the more inductive methods of chemistry, together with
such general results of quantum theory as are applicable to all
Systems. In the absorption of lizht the energy 1is taken up by
electronic oscillations, and these oscillations-are considered
‘as analagous to classical oscillatiouns, but subjected to the rules
of simple gquantization, This quasi-ciassical model affords, in
maﬁy cases, & qualitative, and, in a very few cases, a quantita-
tive interpretation of the experimental facts. liolecules ars
considered as containing vibrating electronic systems, which are
subjected to the rules of quantigzation applicable to an oscilla-
~tor. The verious possible mddes of vibrations, &nd the laws
governing them, and also the interaction between electronic and
atomic vibrations in the molecule, are considered.

When all pains have been teken td prepare a substance
in a single»molecular form, and solvates are largely eliminated
by the use of such a solvent as hexane, we still frequently find
in an absorption spectrum, taken through the visible and well into
the ultra=violet, a number of electronic absorption bands . Tewls
and Calvin classify these as:~-
A, TFundamental bands or bands of electronic oscillation within

the molecule as a whole, and;
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B. Bands of partial or localized oscillation.

A, bands are further classified as =

1. Fundamental bands of the first order, that is bands due to
a transition to the first excited state. These are (a) a
single band (X band] corresponding to oscillation in a éingle
direction (b) two bénds (x and y bands) due to two mutuelly
perpendicular oscillations, and (c} three bands (x, y, and z
bands) which are to be found only in molecules in which the
conjugating system has considerable extension in three

4 dimensions.

.2. Fundamentel bands of the second order due to a transition
from the zero state to the second excited state.

They describe auxochromes, as providing through
resonance, entirely new electronic paths, causing not only a
shifting of old bands, but the appearance of entirely new elec-
tronic bands.

TLewis and Calvin disagree with the conception, that
- the electronic pairs of multiple bonds ere different, i.e, one
pair being designated as v electrons, and the other as 7 electrons.
"An example, of the spectroscopic conception, of the electroniec
structure of some simple polyatomic molecules, is given by W.C.
Price (Annual Reports of the Chemical Society, =1939-) who gives
a long account of the v and7orbitals present in double and
triple bonds, dealing primarily with electrons from the § and P

. shells.
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Onsz other article by 4. Burawoy (J.C.5. 1177, —~1939-)
gives a classificatidn, of absorption bands in the region 2000 i -
" 10,000 &K, different from that of Lewis and Calvin, This classi-
fication involves the conception of R and K chromophores, and
differs from the general trend of absorption theory at present.

During the work described in this thesis, the absorp-
tion curves of thirty six aromatic nitro-compounds were examined
in fhe region 2000 = 5000 k. The majority of these compounds
consisted of a single benzene ring, containing one orcgore OgH

P A

-N

" the following substituents, =-CH;, -NH,, =~N(CHz)z, —N
“ : NHE, FOg,

O H

~NOz, -OCHs;, =~Cl, =OH, -N( z -c; -00zHs, and -N(CzHs)g. The
H, o,

compounds in this rsnge are capable of being arranged in thres

series, so that with the additional data of the absorption curves
of benzene, nitrobenzene and phehol, obtained from the literature
(see P20 ), the change in the ultra-violet absorption spectrum
‘as one proceeds, in successive steps, from the molecule of ben-
zene to the complex molecule of the explosive tetryl, (2:k43:6-
trinitrophénylmethylnitroamine) can be easily followed, The
following schemes, of course, have no relation to the steps

followed in the preparation of these compounds.

H H H ] L H H No c No
N N / N\ 7 e 7 " N 7/ N Hi o
/ﬂ\ N .2 N N
~ [ //\ No, ;‘". . vo, o /\ No, o (‘%\1"02 o N /\ No,
—> ! > | = —> §——
\\ g é
» S
No X
cH cH H, Ne NO He
LN . : ¥ < X /H e Hy o 4 * *

N N CHQ “/'30'.




city CH o CH, oH e ctly clls <y No
/ 3 \5 3 \; Ve 3 N 7 N 7
N A N N
¢ / R o, No
S _— J ' —> | i
4
N
No

Similarly we can study the change in spectrum from

benzene or phenol to picric acid by the following steps

- O
N\ Ne, o N \ No oN No.\. '
_> U
aQ

There are several points, which must be remembered

while considering'absorption daeta, and these include the follow-
ings=
(1) There may be easily convertible isomers/of the same compound
present; |
(2) the solute maj form definite polymers in solution;
(3) the soiute may form definite solvates with solvent molecules;
(4) the solute may be capable of combination with ecid end basic
| solvents; |
(h) the-solute may be capable of dissociation in solutionj
(6) the solﬁte may form hydfogen bonds between its substituent
groups, or with the solvent.
These points will be remembered during the discussion
of resultsg, but in general the compounds were examined under the

same conditions, a neutral agueous solvent containing 20% spectro-

scopic alcohol being used.

The absorption curves obtained by the author for all

compounds and reactions, are recorded graphically, and a few
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particular data, Ffor certain compounds shor ing selsctive absorp-
tion, are given in the following teble. The absorption curves
of o-nitrodimethylaniline, p-nitrodimethylaniline in alcohol
solution, and NN-dimethylaniline in 2:2:4-trimethylpenteane solu-
tion are reprodﬁced from a paper by W.R. Remington (J. Amer, chem,
Soc. 67, 1838, ?1945*). The absorption curve of benzene is
reproduced from the text~book The Practice of Absorption Spectro-
photometryr by Fe Twyman and C.B. Allsopp, and the absorntion
curves of phenol, mono= and dinitrobenzenes, mono- and dinitro-
phenols, and dinitroanisoles are taken from the publication by

G. Kortum'(z. Physikal, Chem. 42B, 3%9-66, =1939-§. All the

others were examined by the author.

Compound : Wave=Length Frequency Molecular
A. f. Zxtinetion
Coefficient.
Aniline max. 2280 1315.8 1%,000
max. 2300 1071 .4 1,500
N~Monomethylaniline max. 2360 1271.2 11,000
max, 2840 1056, 3 1,600
NN~Dimethylaniline max. 2420 12%9.7 9,300
o-Nitroaniline max, 2800 1071 .4 5,000
max., 4080 735.3 4+, 600
p=Nitroaniline max. 3820 785 okt 12,500
2:4=Dinitroaniline max. 2600 1153.8 9,500
maX. 3440 872.1 12,500
2:4~Dinitromonomethylaniline max. 2640 11%6 .4 8,400
max. 3610 83L.0 15,200
5960 757.6 3,000
%3120 728.2» 7 5200

- 2:;4+~Dinitrodimethylaniline max. 3800 789.5 16,000



Compound

Picramide

N~ilethylpicramide

bo-Nitrodiethylaniline
p~Nitrodimethylaniline
‘m=Nitrotetryl
m-Hydroxytetryl

2:426«Trinit rophenyl=
nitramine

NN~Dimethylpicramide

Picric acid

Tave-Lengzth

maex,
maex.

max,
3320
5920
1320
mex,
max,

max,

maex,

maex,
max,
max,

33380
4120

A,
3240
1080
3460

2160
4200
3600
3620

3520
3760

3520

reqguency
.

925.9
735.5

867.1
785 .4
it
1219.5
7l4.3
83343

828.2

852,53
7979
852, %

2
1582

21,
kolecular
#xXtinet ion
Coefficient.

10,400
7,600

14,000
7,000
6,400
0,000

10,000

20,000

11,600

14,800

8,000
12,600
15,500

10,000
3,000

A complete list of the compounds, whose absorption
spectra are produced is as follows:~=

Compound Page
PiCTIiC BC1Q.e.eececsoccosssssososasssossssssasosensscnnas 22a.
Meta~hydroxytetryl.e..... cteeecesasecsecsssescsoeenes .o 2280
Benzene...eeeeees ceebescecnsscacsacaaes teecsesscnssacanas 228
Aniline.,sieeeeeeees cencens teecerecsccvas eseccsecnss 22D
N-Monomethylaniline........ cerecessscesane cesene . . oo 22be
NI=~Dimethylaniline......ceeeecooececoccosoans ceecnne eeeee 22D
o=Nitrodimethylaniline.....cceeeeuo..- secosenscssosnane .s 22¢Ce
p-Nitrodimethylaniline. ... .o iueiineeeeoeoscocaonsonnns . 22Ce
NN=Dimethylaniline. oo eeeeroeeccencecoaocnaases teeeees 22Ce
o=Nitroaniline....... s e et e emnca e e e nenanccaeoe0en . oo 22de
P=Hitroaniline.. .. ... ciecrecercececscnsecncnes ceeeesanses 22de
Picramide.. .oeeeeecnceoneas Ce e et asece e, ceo. 2Rde
RO DL Beh B rBe Y-V B I B < - WP e eees 202G
p=Nitrodimethylaniline............ Ceeee e G ereeceaee 22e.
0=Nitrodi-ethylanilifne.e.ee ceaenecones teestancsnsenees S2C
2:4~Dinitroaniline (8nalysis)...eceserscacnconeas vesses 22f.
Picric acid (analysis)..e coveen. e cene e eeeeo 22T



Compound Daire

N-Methylpicramide (@nalySis)..e e veiiseennneennecnnns 2220
2:4-Dinitromonomethylaniline (analysis)...eecoceceneen . 22g.
Tetryl (2:hso=trinitrophenylmethylnitramine)...v.eeeece.. 22he
2:426-Trinitrophenylnitramine.. . .o cveeenenonons cereseee 22he
IVie'ta-rlitrOtetryl..... N 221 ¢ 1)
2:4=Dinitromonomethylaniline. ceesieeveescccesesascasees Sl
2:4=Dinitrophenylmethylnitramine... .. ceceeevssevcencsas 22he
N-MethylolCcramide . o ve seasseacssocnooonmsnsssssessascnes SOle

2:4=Dinitrodimethylaniline....c... S 722
NN=Dimethylpicramide...ooeeeeeeesne S <)% B
NN-Dimethylpicramide - picryl chloride complex......... 221.
2:4:6-Trinitrodiphenylmethylemine..c..ovuieenennnnnnn 227
2:4+6-Trinitrodiphenylamine. . .. .. PP <2 2

2l 26 rinit TOt0lUGNE. cenevsesossancnoncanncsacensanaas S2J0
2:6—Dinitro—u—hydroxylamineto1uene..................... 227

S=trinitrobeNZeNe.. saueterotarsceocsansanesocssnnoannnns 22K
226=Dinitro=4=amorot0lUENe . ee . eeeetnreeeeeoncccasacses 22Kk
Meta=0initrobENEelE. i vnaeenssscscsncnsnssscssascaonnasees SOKe
Picramic acid. . vieeeeeveoecosnancranas ceeecncecscsesaanan .o 22Ke

-Nitro-m= ohenylmqedldmlne............................. 22Kke
212466 et ranitro=l s L 820Xy 0L UENE . s cenerennecneceanns 221s
24l 6P TNt TODENZELAENTAO e v v e e e veeeanennassneensans 221
2:h:6=Trinitrobenzoic 8Cid.ccececseceecesanconasasennss 221
BeNZENeE.csineeessosesonnaes e ecssssseasaarsssennseseesee OClle
Phenol /NitrobenZeNne . cov e eeeaseeecerosanasocasonenanses 22
Dinitrobenzene, ortho, meta, 8NA PETB....cvitessncsssen SCMMe

S=Irinitrobenzent..cicesecceseccsne P =25 ¢§ Y
Nltfoohenol ortho, meta, and Par8...ccccesceccascenssa 22N
2:4-Dinitroph~nol.,.................................... 22N.
2L =Dinitroanisole. . v veencsectacsnccssanccsssacasaeses SN
Feh=DinitroaniS0ole. .o veeeensseosannacconsnsocssosnsaness SO

The above compounds are too complex for a quantum
mechanical explanation of their absorption spectra to be estab-
lished. It may be possible, however, using elementary principles
established by gquantum mechanics, and from a knowledge of the
resonance structure of each molecule, derived frowm electronic
theory, to arrive at an anproximate. correlation of the results.

In general, we Will be concerned only with the polarigz-

ation, and not polarizability effects, in the consideration of
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structures, The abbreviations 1 and m «re used to express ths
inductive and mesomeric effects, respectively. 1T an atom or

roup attracts electrons more strongly than hydrogen does, it is
g & & ’

£y

said to exhibit a-Ig effect; 1f it attracts electrons less
strongly than hydrogen (or if it repels them}, it exhibits a +Ig

effect, and is said to be an electron releasing group.

o °-¢/ 04/
Nw

X
N 1
N

| i M

nol
d N
In nitrobenzene, the inductive effect increases the
electron availability over the whole nucleus., The mesomeric
effect results in de-activation being particularly evident in
the ortho and para position. |
In addition to the normal or ground states, we may

exhibit resonance among the following structures for m-dinitro-

benzene, and s~trin1trobenzene, resaectlvely.

\*/o \:'/ o\:’,/o
i it i
[ * + + + +
. o
Snpe \ N— 2 A Dy —o
x | / ] N\ Qo
2 o - + -]
m-Dinitrobenzene S-Trinitrobenzene

For aniline and phenol, we have to consider the

following structures:=

oR’ + OR + oR + oR §. or gt oR
i "u " \51\ ‘->1
- - /\ /«\‘{‘ | / \75_ \\?
| oty T
AN N N L 4
+ ';Rx + ',l,Ez + N.'-Rl » 8«9 >1R b‘—”n;s—
0y O
. \\é} \\h/ ~ : // i‘\é’x
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We really have two opposing effects

. (5_ ]
R —_5:3’ <ffi§§zg- R N PP X5 -

{~I, +M) in reletion to the substituents, but experimental
evbidence shows that +M > =1,
As the structures for aniline and phenol are similar,
a discussion of the structures qf mono, di, and trinitro deriva-
tives of aniline, slso applies to the respective nitro-phenols,
The effeqt of substitution of methyl and nitro groups in the
amino group will be discussed separately.
Fof p-nitroaniline, the following combinations of the
effect of the amino and nitro groups are considered:-
(2) para-amino + paraﬁnitro;
(b) para-amino + ortho=-niiro;
(¢c) ortho-amino + ortho-nitro;
(d) ortho-amino + para-nitros;
It will be remembered that aniline structures have increased
electron charge, at the ortho end para positions,'and nitro=
benzene electron deficiency at the ortho and para-posiﬁions.
These four combinations. result in the same structure

for p~nitroaniline in the excited state.

H o

N
= D=
H

10
o
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For o-nitroaniline we have the following structures

. NP
possible 3
{
7 \-N¥
| e
H ., H W s H A\ W+ M H  + M
\N/ - ~N ~N o ~N -
noo S noos S o7
’ Vs NP N
/\\4~\ _/ % Al ff LA
[ [ v | (N
‘ Lo
+ WL
v/ '\ N2 \/
I 11 : I11 v

(o-amino p-nitro)(b-amino o-nitro) (p-amino p-nitro) (p-amino
This indicates that we have at least two posgigigro)
eXcited states, namely, (&) represented by I, III and IV, and
(b) by II.
| | In the same way, the extrenme resonating forms of

2:4~dinitroaniline, and 2:4:6~trinitroaniline can be represented

by

Nyt gt
3 " o u ©
\ o Nt
BARS o ‘N -
3 © o
+ + +
] [}
N N .
- ~
o/.’\g ‘ ) 2/"' 9

'respeotiyely; It can be seen that introduction of an amino
group removes one positife charge in m-dinitrobenzene, and
s~trinitrobenzene molecules, respegtively.
¢ When we consider the introduction of a nitro group
. into the amino group, we have fthe following structure, which

. 1 4
- requires the contravention of I. Pauling s adjacent chsrge rule,

(The Nature of the Chemical Bond'pp.l99??) owing to the fact
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thet the amino nitrogen cannot have more than four covalencies,
Q

/’i\
o o
However, H.D. Springall (Private Communicationg) has
AQ
given a value for the group energy N-NO, as being 207 K/m,
) . : -N NOg
which puts this group energy in the emide and not the
- NOg o ‘
. amine class, and shows the absence of a double bond between

the nitrogen atoms, such as would be formed by the migration

R —  &°
///,hl———————'N
R \65

In any case, there is increasing evidence that Pauling’s
édjacent cherge rule is not always valid.

Finelly, we have to consider the effect of substitution
of one or two methyl groups in the amino group. | The absorption
gurves show éonsiderable changes, when the nitroanilines are
.substituted by methyl groups to form nitroc-N-methylenilines, or
{nitro} {N,N=dimethyl} enilines and for an explanation of this
we are restricted to a consideration of inductive effects only.

Phe methyl group is known to have a +I effect in the toluene
molecule, and I. Pauling (p.212) explains the fact that mono~alkyl
guanidines and N.N=-dialkyl guanidines are weaker bases than

- guanidine itself, by the following reason, The replecement, of
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one or tvo hydrcgens of an =NHy; groupn by alkyl rsdicals, tends
to prevent the double band from swinging fo this group, because
carbon is more electro-negative than hydrogen, and hence tends
to cause the adjacent nitrogen atom not to assume a positive
charge, This reStricts'fesonance of the double band to the two
other nitrogen atoms, and causes & decrease in basic strength,
E}ﬁl>Br>I>0M&>Cé5>>H>mk

— —
~I I

We see then that the introduction of one or two methyl
groﬁps, into»the amino group of nitroanilines, should alter the
charge on the amino nitrogen atom, control the tendency to form a
double bend between the amino nitrogen and the nucleus, and thus
the tendency to vass to the excited state.. |

. Comparison of the absorption curves with the various
structures outlined above does not allow us to assign any parti-
culer structﬁre tola particular band, or to predict the positions
ahd intensities of the bands for any particular molecule.

The following observations, -however, may be mades-

(1)  Any substituent in the benzene molecule destroys the closely
arranged system of absorption bands, and where the substituted
- gompound exhibits selective absorption, the bands occur, in
general, at longer wave-lengths, and have intensities very much

higher than>those of the benzene absorwntion bands,

(2) Substitution in the aniline molecule, of one or more nitro

groups, in general, modifies the relative intensifies of the
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absorotion bands, and moves them to larger wave-lengths, Sub-
stitution in the amino group itself, gives effects which are
dependent on the number of nitro groups already present in the

nucleus.

o (3) Cbmparing the resonsnce structure with the absorpiion spéctra

of each compound, it can be seen thet the number of positive
charges (or regions of electron deficiency) in the nucleus are
importeant. Nitrobenzene with one positive charge, shows a weegk
absorption band in the region 2702-2330 K, m-dinitrobenzene with
two positive charges, and g-trinitrobenzene with three positive
'charges show only general absorption, whereas p-dinitrobenzene
with a para=quinonoid structure, shows increased selective absorp-
 tion at 2563K. We have further evidence, from the spectrum
analysis of coﬁpounds showing inflexions on the main aﬁsorption
Vband.- Pileramide and N-methylpicramide havs tﬁo positive charges
in symmetrical positions end exhibit two bands; 2:4-dinitroani-
line and 2:4-dinitromonomethylaniline with one positive charge
in the nucleus have three absorption bands, _That the relative
positions of the groups and, therefore, the charge distribution,
is of great importance, can be verified by comparing the absorp=
tion of 2:4~dinitroanisole and %:H-dinitroanisole. The inter-
acting electronic effects’of the various auxochromes affect the
characteristic absorption of each.

Continuing the discussion of this effect, the methyl

group in 2:4:6=trinitrotoluene having only a weak inductive
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efTwot does not affect the charge distribution, and the absorp-

tion remains genersl.

(4%} since the resonanée structurss of nitrophenols &are similar

to those of nitroanilines, the absorption systems should be
approximately similar, 1t is found thet o-nitrophenol shows two
bands similar to o-nitroaniline but of higher intensities,
p-nitrophenol shows one band similarlto p-nitroaniline,.and picric
acid shows two bands similer in type to those of picramide. Deta
- for comparison of 2:4-dinitrophenol‘in aqueous‘solution, with

2:4-dinitroaniline is not available.

v(5} Coumparing the absorption curves of aniline with N-monomethyl-
aniline, 2:4~dinitroaniline with 2:4-mohomethyianiline, picramide
with N-methylpicramide, we see that introduction of ohe methyl
group does not markedly influehce the absorption curves, although
-in each case, it changes the relative intensities bf the bands,

owing to the inductive effect previously mentioned,

(6) Introduction of two methyl groups to form -N(CHj)y, causes a
" more marked effect, as seen by cﬁmparing the absorption of
N-methylaniline with NN-dimethylaniline, 2:4-dinitromonomethyl-
aniline with 2:4-dinitrodimethylaniline, N—monomefhylpicramide
With,NN-dimethylpieramide, and o-nitroaniline with o-nitro-
dimethylaniline, In the first three cases the number of bands
present is reduced to one strong band, and in the lastkoase two

bends of altered intensity sre present. The inductive effect
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of both uwethyl groups acting together, may cause these changes
by controlling the tendency of the molecule to pass to the

excited state.

(7} 2:h4:6=Trinitrophenylnitramine exhibits rfairly strong selsc-
tiﬁe absorption, but introduction of & methyl group, to give the
tetryl molecule by'forming the group ~N<f02, gives rise to
general absorption, Similarly, the comggand 2:h-dinitrophenyl~—
methylnitramine exhibits only general absorvption, A% this
stage, the consideration of any possible steric hindrance effects
in tetryl and relsted molecules, and the effect on the absorp-
tion spectra of these compounds, is advisable,

W.R. Remington (J. Amer. Chem. Soc. 67, 1838, =1945-)
discussed the subject of the effect of steric inhibition of re-
sonance on ultra=violet absorption spectra, Considering
NN=dimethylaniline, the nitrogen to ring carbon will probably
have much more double bond character in the first excited state,
than in the unexcited state, where its double bond character is
very slight. ‘A double bond in this position, reguires that the
entire molecule (with the exception of methyl hydrogen atoms) be
planar, If steric factors opvose the assumption of & plenar con-
figuration, thermal motions will less frequently bring the mole-
cule to such a configuration, and whenever planarity is attained,
strain must  be present.' He assumes that non4planarity, or strain,

will increase the encrgy of the excited stste, more that that of

the unexcited staete: the corresponding absorption will occur at
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higher fresquencies. Also, since the unexcited molecule will
less frequently possess the near planar configuration demanded
by the excited state, the probability of excitation will be
decreased: the absorption will be of lowered intensity,
Hindrence to planarity should decrease the ionic character of
the excited state, and this too may be responsible for a decreas-
ed intensity of absorption, _

Beforé constructing a model of the tefryl molecule,
the essumption is made thet the nuclear nitro groups, and the
benzene ring, are co-planar, The X=ray structure of picryl
iodide by G. Huse and H.M. Powell (3. Chem. Soc. P.1400,-1940-)
showing that the ortho nitro groups are inclined at an angle of
80° to the benzene ring, need not be considered, since the inter~
molecular forces in the crystal, are very much grester than in
solution, ‘

The following data was obtained from A.F, Wells
(Structural and Inorganic Chemistry')

Bond Lengths (Page 405)

N - N 1.48%, N = N 1.28K
C = N l.46A € = N 1.272'
Covalent Redii (Page 81)
HE 0.37 ¢ 0.77 B 08 0 0.7k

From L. Pauling (p.189)

Vander Waal Radii

N 1.5 H 1.2 CHs 2.08 0 1.40K
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The structure of the nitro group, R-NO, gives a
tetrahedral value 125° 16" for the 0-N=0 bend angle, and the
predicted value 1.194 for the N=0 distance, the three atoms of
the group, and the atoms of R attached to nitrogen, being coplanar
with the two oXygens symmetrically related to the R-N axis
(L, Pauling, p.20l}.

Regarding the stereochemistry of the aryl amino group,
we may quote from N.V, Sidgwick CThe Organic Chenistry of Nitrogen"
p. 40.) In the case of aryl amines, the resonance factor causes
the two free electrons of the nitrogen atom to be partially
shared with the aromatic nucleus, so that tﬂe three valency bands
of the nitrogen atom, become partly double bond in character, with
the result, that the whole molecule must tend to assume a planar
structure.

From the two dimensional drawings shown, 1t can be seen
that there should be no steric hindrance in the case of picramide,
but appreciable hiandrance in the tetryl moleculs. Consideration
of the photographs, however, shows that rotation of the methyl
group is possible, so that steric hindrance from that group can
be neglected. If we ignore the Van der Waal radii, the only
steric hindrance would appear to come from the N-nitro group.
Comparison of the steric hindrence effects, with the absorption

data, gives rise to the following table.
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A model of part of the tetryl molecule showing the
stereochemistry of the methylnitramine group with

reference to the adjacent nitro groups.
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Comparison of this photograph with that on the
previous page, shows the decrease in steric hindrance

caused by rotation of the ITmethyl group.
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Somanurd . Steric Hindrance Absorption
2:4~Dinitrophenylmethyl ‘None Non selective
nitramine \ ’ but greater

than tetryl.
Tetryl Due to -N=«Nitro General
group
Picramide : . None Selective
2:4:6=-Trinitrophenyl ~ Due to =N-Nitro ‘ selective but
nitramine group less intense

than picramide.

NN-Dimethylpicramidse None Selective of
high intensity.

Use of the Van der Wael radii would meke the steric
hindrance much greater in each case, and involve the anomaly of
NN-dimethylpicramide having strong steric hindrgnce effects, and
yet ‘being able to show selective absorption of high intensity,

It would appear then, that the change to general absorp-
‘tion in passing from NN-dimethylpicramide to tetryl is brought
about by a combination of steric hindrance effects, and the induc-

+
tive effect of the =% = CH3 group.

The dipole moments for only a few of the above compounds
are given (J. Faraday Sodiety, 30, 789, = 1934=~].

Dipole loments (Debye Units)

Benzene 0 N-llethylaniline 1.6l
Nitrobenzene . 3.9  NN-Dimethylaniline 1.58
o-Dinitrobenzene 6.0 o-Nitroaniline I
m-Dinitrobenzene 3.7 p-Nitroaniline ©.50
p=Dinitrobenzene 0 p=Nitrodimethylaniline 0.37
s=Trinitrobenzene 0 Phenol 1.7
Aniline ‘ . 1.55 o=Nitrophenol 3,10
p=Nitrophenol 5.03.



.

.a Pauling (p.222) explains the very high dipole
moments of p-nitroaniline and p-nitrodimethylaniline, as being
due to increased resonance, and this agrees with the strong
absorption band exhibited by these compounds.

In conclusion, it Would appear thet qualitative sxpnlan-
ation of the absorption sPectré of substituted benzene derivatives
in the ultra-violet region, depends on the elucidation of their
resonance structures. wuantitative prediction of the position
and intensity of the absorption band system of each compound is
however, not yet vpossible. Further classification, therefore,
of the bands on, for exemple, the Lewis Calvin system i.e,
baends of totsal oseillafion, (First and Second ex¢ited states)

and of partial oscillation, will not be attempted.
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A Hilger E498 msedium quartz spectrograph was used for
all the ultra-violet absorbtion spectra recorded. The light
incident on the slit is collimated by a yuartz lens, and then
passes through a quartz prism of two halves each having opposite
optical rotetion, to annul double refraction of the yusrtz, It
then passes through a focussing quaertz lens system, and forms a
spectrum on the photographic plate.

The width of the slit is controlled by a screw mechan-
ism carrying a gréduated scale, and the slit width used through-
out the investigation waé 0,02 m.m, A shutter is éituated
between the slit and the eolliméting lens.

The photographic plate, on which the spectra are
recorded, is 10 in. X 4 in. in size, and is supported in a plate
holder fitted with a shutter. The plete holder is moved in a
vertical direction by mean; of a special mechanism, the portién
of the plate undergoing exposure being shown on an external scale.
An interior wave-length scale is fitted, and it is possible to
print the scale on %he negative at any desired position,.

| For absorption spectra measurements a Hilger Spekker
Photometer is used, in conjunction with the quartz spectrograph.
The photograph on page 36a illustrates the light path within the
photometer, which is placed in front of the qusarta spectrograph,
and is so constructed as to fit the base bar of the spectrograph.

The position of the Spekker Photometer as fitted in the optical

bench of the spectrograph is shown in the photograph on page 35a.
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The Hilger E 498 Medium Quartz Spectrograph*
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4 ppark digcharse bstveen tungsten stesl electrodes,
supplies the ultra-violet light, the electrodes being enclosed in
a sound insulating boxm and the light emerging via a quartz win-
dow in the box. It was found that nitric acid was formed in
appreciable quanivity inside the box, during the passage of the
high voltage current, and since there was no way of escape for the
vapour, this led to corrosion inside the box, and also brought
about considerable diminution of the ultra=-violet light intensity
owing to absorption by nitric acid vapour, and scattering of the
light, by the condensed vapour on the quartz window. This was
remedied by drawing a current of air through the sound box. The
sound insulating properties were not diminished, since a hcle was
bored in the box, and gléss tubing of the correct diameter
inssrted. The air was drawn from the box by means of & vacuum
pump, via a bubbler containing alkali solution, to remove the
acid vapour. Sufficient air wes ‘able to enter the box to main-
tain the flow, and to prevenﬁ the formation of_a vacuum insids.

A_current supply of 240 volts is stepped up to 12,000
voltg, by a 0.25 Kilowatt transformer, the electrical circuit
iheluding a condenser of capacity 0.005 micro-farads, connected
in parallel with the spark gap, and an induction coil of 0.06
milli~henries, The electrodes are filed to a wedge shape, and

are placed with their edge collinear with the opticel axis of

the specﬁro-photometer, and exactly 4 m.,m. apart. The self
inductance in the secondary circuit materially reduces the

intensity of air lines due to nitrogen and oxXygen,
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A Disgram of the Light Path in the Spekker

Photometer.
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The spark discharge gives a spectrum extending to
1850& at the source, and with many lines, so that the spectrum
is almost continuous, The light passes towards the inner edges
of two quartz rhombs C,C, from which beams are diverted upwards
and then downwards, to be then reflected forward. The beams,
from the rhombs pass, one through a fixed rectengular aperture,
and thé other through a variable aperture. The varisble aper-
ture is governed by a micrometer serew, and has a direct reading
scale attachment. ‘*he beams then pass through tubes F, F, in
the upper of which is placed the solution, and in the lower, the
solvent, This system eliminates errors due to air absorption,
and the reflection of the end plates. After passing through
the solution and solvent respectively, the light beams pass
through lens, G,G, of quartz, whose focal length is such that an

image of the light source is formed on the face of the spectro-

- graph slit. A second peir of quartz rhombs H, H are arranged

to bring the beams of light together on to the slit, in such a

"way, that the image from the top rhomb, and that from the bottom

rhomb falling on the slit, form a complete image of the light

source., The beams from the slit pass on without any vignetting,

‘into the interior of the spectrograph, to form an image of the

aperture at the prism, and to be concentrated as monochromatic
1magés of the slit, at the photographic plate.

The optical construction of the Spekker Photometer is
such, that et 3, B there are equal fluxes of uniform radiation,

which may be represented by I per unit area. Let Z eand Z; be
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A..Photograph of the Absorption Spectrum of Aniline.
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the areas of aperture corresponding to the solution and the
solvent respectively. Then the quantities of radiation,
transmitted through the aperture, are ®; I and B;I. After
treansmission through the solution and solvent, these become
(B, 110 % and (B, I)10 Ga W%re d;, and d; are the optical
densities of the solution, and solvent, respectively. On exam-
ination of the section of the photographic plate illustrated on
peged7a, it cen be seen, that each double spectrum has one or
more white spots marked in it, corresponding to equal opacity of
the spectra, corresponding to the solution (lower) and the solvent
(upper]. The black and white on the positive print is reversed
on the negative photographic plate., 1If B, is the area of fixed
aperﬁure, and 3%, the area of variable aperturse, then at the match
point, since equal opecity indicates equal amounts of light
reaching the plete, we have the relationship,
(E21) 10di = (BeI) 10

where 4 and d; are the densiﬁies of solution, and solvent,
vrespectively,

then log 10 E‘ = 4 = dp
The drum reeds log 10 EL , Whence we get a direct reading of the
density of the solutlon i.e. log 10 lg with reference to the
solvent, and corresponding to the wave length at which the match
point is found. From the value of log 10 %l we can calculate
the moleculer extinction coefficient of each double spectrum, and

these values are plotted against the wave-lengths of the corres-

ponding match points.
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The Hilger Spekker Photometer, therefore, provides by
simple adjustment to the proper value on the scale, a direct
reading of the density of the solution, corresponding to the wave
length value of the match point at that reading.

Bach photographic plate conveniently reeords'twenty-one
double spectra, and a comparison spectrum and scale, at top and
bot tom, For each plate exposed, a record of all the details is
kept on special tables, The relative exposure times for each

value of log %L are as follows:-

Log %m 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1

Exposure 1 1 1.5 2.5 2.5 3 I 5 o 8 10 12
(seconds)

Log %L 1.2 1.3 1. 1.5 1.6 1.7 1.8 1.9 2.0

Bxposure 15 20 25 32 40 50 60 80 1l00
(seconds)

This basic scale of exposures is calculated from the
expression, |

Bxposure = 'A' antilog d,
Where ‘A' = suitaeble exposure for initiel value of log %& R
and 4 = reading on the densit& scale of the photometer, ’A'de-
pends on the light source, photographic plate, the region of spec-
trum, where the mat€h point of the photograph in question is
expected to lie, and on the development conditions. The expos-
ure required mey be a simple multiple of the basic exposure scale,

The following details of the types of plates used, and

the developing conditions required, are givens=
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(a) Ilford Rapid Process Panchromatic, exposure twice basie,
developer I.D.l1l3, 57 seconds at 18°C to 1 minute 27 seconds at
12°C;
(b) Kodak ultra=~violet sensitised III 0, exposure five times
basic, developer I.D.13, 1 minute 30 seconds at 18°C, two minutes
at 12°C;
(c) Ilford Iso-Zenith H and D 700, basic exposure, developer I.D.2,
1 minute 30 seconds at 18°C; |
(d) Tiford thn Film Helf Pone, exposure five times basic,
developer 1.D.13%, 1 minute 50 seconds at 18°C to 2 minutes 20
seconds at 12°C for density readings under 0.7, and 2 mihutes 25
seconds &t 18°C to 2 minutes 55 seconds at 12°C, for density
readings above 0,7.

— Ilford Special Rapid Panchromatic, and Kodak B.1lO,
plates were also used. It was found, by using Ilford Specisel
Long Renge Spectrum plates, that the tungsten steel spark spec-
trum does not give a sufficient number of intense lines beyond
5500R. Abgorption spectra measurements were, therefore,
recorded dnly in the region of the spectrum below 5500K. Special
vlates were ordered from Messrs Kodak Ltd., namely ultre-violet
sensitised III 0, so that absorption readings could be teken as
far into the ultra-violet as 2100Z. All the plaetes mentioned
 above are normelly sensitive only down to 2300, but it was found
that by using the fast Ilford Iso=Zenith H. and D. 700 plates,
giving them five times basic eXposure, and developing for two

minutes at 18°C with I.D. 2 developer, thet readings could be
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teken down to 2100A.

All plates were fixed for twenty minutes, in a fixing
solution containing 400 gms. of sodium thiosulphate, and 25 gms,
potassium metabisulphite per 1000 gms. distilled water, and
thereafter washed for one hour in running water. All loeading,
developing and fixing operations were carried out in complete
darkness., |

In the absence of a densitometer for reading the match
points of the photographic piates, the following method was used,
The photographic plate was illuminated by direct light, which
was diffused by the inclined gréund glass screen supporting the
plate, The match points are then marked in ink on the glass
side of the plete, and below each double spectrum, with the aid
of a hand magnifying glass. A pale blue filter decreases thse
eye strain involﬁed, in reading the match points by this method.
A reading plate, composed entirely of wave-length scales, was
printed, and used for locating the mateh points for other plates.

A number of aromatic nitro compounds were prepared,
and others were specially purified by re-crystallisation.

Methods -of Preparation.

Picremide, (2:4:6-trinitroaniline) 10 gm. of picryl
chloride were dissolved in absolute alcohol; 10 e.c. of 0.880
ammonia added, and the solution refluxed on the weter bath for
one and & half hours, The picramide was filtered and crystall-

ised from dilute scetic acid. (M.Pt. 192°C).
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23l :6-Trinitrophenylnitremine was prepared by the

n@tration of sulphanilic acid according to the method given by
W.W. Jones and F.G. Willson (J. Chem. Soc. 2277, =1930~).,
234 36=Trinitrophenetole. 200 ¢.c. of hot ethyl alcohol

containing 10 gm. picryl chloride were added to 100 c.c. of
sodium ethoxide solution containing 1.5 gm, sodium, and refluxed
for half an hour., Sufficient alcohol was distilled to allow
cfystallisation to take place. The precipitated compound was
then filtered, washed with hot water, then with cold, and redis-
solved‘in.ethyl alcohol, "It was then refluxed with animal
charcoal for twenty minutes, filtered, and re-crystallised.
Final crystallisation from ethyl alcohol gave colourless needles,
(M.Pt. 78.5°C). A
2:426=Prinitrodiphenylamine. 5 gm. of aniline

dissolved in hot ethyl alcohollwere added to a hot ethyl alcohol
solution containing 10 gm. of picryl chloride, The product
erystallised immediately, and was recrystallised from ethyl
alcohol giving oraenge yellow needles (M.Pt, 131°C).,

| - 2:4:6=-Trinitrodiphenylmethylamine. 10 gm. picryl

chloride, and 5 gm. monomethylaniline, were refluXed together in

alcoholic solution for one hour. On standing overnight an oily
material separated, which was refluxed with animal chearcoal in

ethyl alcohol solution for one hour, filtered, and crystallised,

giving dark red elongated'plates (M.Pt. l04°C).

Beilstsein reports this compound as having two crystelline

forms, u.Pt. 108°C and 128,9°C, both dark red crystals, with equal

absorption spectra.
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A micro-analysis was, therefore, carried out and gave

the following results:-

Found Calculated
carbon : 49,2 49.06
Hydrogen 3.2 - 3.17
Nitrogen : 17.8 17 .61
Oxygen | 29.8 30.16

2s4=Dinitro-H-meta-cresol (T. Currie, Private Communica-

+ 1u gm, gamma ¢.8.¢., and 10 gm, sodium acetate were
refluxed'in 150 ml, of water for three hours, during which time
the solution changed to a deep yellow brown colour. After cool-
ing, and filtering, the filtrate was acidified with dilute mineral
acid, extracted with ether, ahd the ether evaporated. 1he
resultent yellow solid was recrystallisgd from ligroin (M.Pt.74°C).

2:4~Dinitromonomethylaniline., (I.G. Holden, Private
Communication),.
- 20 gm, 2:4~dinitrodimethylaniline were refluxed with

dilute nitric acid (19 c.c. conc. nitric aciqﬁ1.42 in 200 c.c.
water) until the heavy 6ily layer of 2:4“D1nitrodimethylaniline
suddenly changes to‘the solid Z2:4~dinitromonomethyleniline, The
matericl was filtered and recrystallised from_aeetdne. (M.Pt.178°C).

2:4~Dinitrophenylmethylnitramine (I.G. Holdemn)

3 ¢,c. of fuming nitric acid d 1.5 to 5 gm. of 2:h4=
dinitromonomethylaniline dissolved in 50 c.c. of acetic anhydride
were added in the cold, slowly and with stirringsg. It was left
for one hour, and poured into excess water, The crude material

was refluxed with alcohol giving yellow hexagonal sheped prisms

(M.Pt, 115°C).
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N-Methylpicramide (2:4:6=Trinitrophenylmethylamine})

(I.G. Holden). 0.2 gm, of 2:4-dinitrophenylmethylnitramine was
dissolved in 2 c.c. of concentrated sulphuric acid, and the
solution diluted with 1.5 c.c. of water. Some materisl was first
thrown out of solution, but teken up asgain as the temperasture
rose. After a few minutes, the solution, which had changed in
colour frbm pale yellow to orange, was diluted with water, and
the crystelline precipitate filtered, and recrystallised from
alcohol (M.Pt. 11l4°C).

N.N-Dimethylpicramide (2:4:6-Trinitrodimethylaniline)

(P. van Romburgh, Rec. Trav, Chim, 2, 105, =1882-). An alcoholiec
solution of dimethyl amine in excess, was poured into a hot
alcoholic solution of picryl chloride. A clear yellow precipi-

tate was formed, which erystallises from benzene in transparent.

plates. (M.Pt. 138°C),
2slh:6=Frinitrodimethylaniline = Picryl Chloride.

Addition Compound (P. van Romburgh, loc. cit.)

This addition compound was obtained from dimethyl amine
end an excess of picryl chlorids. ‘(l mol, N.M-dimethylpicramide,
1 mol., picryl chloride). M.Pt. 1135=-114°C.

Compounds purified by fe-c;ystallisation or distillation.

2:2%6%6“Tetranitro=ysh-azoxytoluene. M.Pt. 216°C.
2:6=-Dinitrotoluene=4-hydroxylamine., M.Pt. 155°C.
2:6=Dinitro-4~aminotoluene. M.Pt. 168°¢.
2:):6=Trinitrobenzoic acid. M.Pt. 227°C.

2:4:6=-Trinitrobenzaldehyde. M.Pt. 119°C,
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l:3¢5=Irinitrobenzene, M.Pt. 121°C,
2:4:6=Trinitrotoluene. M.Pt. 81.5°C,
2:3:4~Trinitrotoluene. M.Pt. 112.0°C.
2:42:5=Trinitrotoluene, M.Pt. lOA°C.
- 2:4:0-Prinitrophenol (Picric Acid) M.Pt. 122.,5°C.
2:4:6~Trinitrochlorobenzene (Picryl Chloride) E.Pt. 83°¢.
2:)4:6=Trinitrophenylmethylnitramine (Tetryl)'M.Pt. 130°cC.
2:4:6~Trinitrophenylnitramine (Deflagrates at 80°C). ,
2:4:6=Trinitrophenylmethylamine (NﬁMethylpicramidej M.Pt. 114°C.

2zl 26=Prinitro-3~hydroxyphenylmethylnitramine (m-hydroxytetryl)
M.Pt. 1l73°C.

2:3:426-Tetranitrophenylmethylnitramine (m~nitrotetryl) M.Pt.1y5°C.
2:4;6-Trinitrophenylmethylamine. M.Pt. 104°C, |
2:4:6~Trinitrodiphenylamine. M.Pt. 179°C.

Aniline B.Pt. 184°C.

N-Monomethylaniline B.Pt. 196.1°C.

N.N-Dimethylaniline B.Pt. 192.5-193.5°C.
o=Nitroaniline NM.Pt. 71.5°C.

p-Nitroaniline M.Pt. 148°C,

p-Nitrodimethylaniline M.Pt. 163°C.,

2:4=Dinitroaniline M.Pt. 188°C. |

| 2:4—Dihitro-5-meta—cresol M.Pt. 74°C.

m-Dinitrobenzene M.Pt. 90°C.
2:4~-Dinitromonomethylaniline M.Pt. 178°¢.
2:4=Dinitrodimethylaniline M.Pt. 87°C.
2:4~-Dinitrophenylmethylnitramine M.?t. 115°¢C.

2:4:6~Trinitroaniline (Picremide)} M.Pt. 192°C.
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2:4:6~Trinitrodimethylaniline (N,N-Dimethyl Picramide) M.Pt.138°C.

N.N=-Dimethyl picramide = Picryl chloride addition complex
M.Pt.114°C.

é:u:6-Trinitrophenetole M.Pt. 78.5°C.
426=Dinitro=2=aminophenol (Picramige acid) M.Pt. 168-169°C.
H=Nitro-m=phenylenediamine. M.Pt. 140~l4150.

.A total of three hundred and forty one absorption photo-
graphs were recorded, during the work described in this thesis,
As there are an average of fifty readings for each plate, it was
decided not to give the results in the fomm 6f & table which would
v.includé three columns with fifteen thousand readings in each
column, but to record the results graphically. Tracing paper,
ruled in inches and tenths of an inch proﬁides a very convenient

method of examining the ebsorption curves reproduced in this thesis,
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THE ULTRA-VIOLET IRRADIATION OF AROMATIC NITRO-COMPOUNDS.

Introduction.

In actusl practice, operatives engaged in filling
factories are exposed to a fine dust of the explosive, which
settles on unprotected portions of their skine This dust may be
allowed to remain there for some time, and the presence of
surface moisture of slight organic acidity, in conjunction with
the body temperatufe, results in a small proportion of the
explosive being adsorbed at the surface of the skin. It is
possible that sunlight may heve an effect on this adsorbed
expiosive in view of the fact that it is known that dermatitis
reaches its highest incidence in summer. For this reason, it was
decided to determine the sensitivity to ultra-violet light, of
the explosive compounds, alpha, beta, and gamma TeN.T., s-tri-
nitrobenzene, 2:4:G;trinitrdbenzaldehyde, tetryl, pPilecryl chloride,
and 2:4:6-trinitrophenetole. It was decided that irradistion of:
a very dilute agueous:'solution, of pH 5.5 and temperature 25°C,
would conform closely with the conditions actually existing in

human skine.

It may be assumed that the degree of penetration of
the epidermis by ultra-violet light, and the consequent photo-
chemical decompoéition of the explosive, will be influenced by
such factors as pigmentation of the skin. The permeebility of
the epidermis to ultra—violeﬁ rays is given by K.A. Hasselbach
(Skand. Arch.F; Physiol. 25, 55, -1911-), in the following
figures. The cbefficient of aﬁsorption is J/J3,, where J= intens-

ity of transmitted light, and J, = intensity of incident 1light.
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Wave-length (y u) 104 360 334 313 302 294 289
Coefficient 2.5 4.2 6.6 8,5 12,4 17.5 39,0

N.S. Lucas (Biochem. J. 25, 57, =-19%1~=} finds much
higher absorption than these figures indicate. .

The first observatiohé, of the effect of sunlight on
alpha T.N.T., were made by 3, Molinari and k. Giua (Escales
Nitro-prengstoffe 295-296), and by G. Schultz and K.L. Ganguly

(Ber. 58, 702, =1925~), a method of separation of two irradia-
tion products having ﬁeen devised by the two last ment ioned authors.
The only spectrographic methods of examination of alpha T.N.T.
were mede by M.M. Pavlik, (Chimie et Industrie, Special No. 245,
59, -1933-), who recorded absorption spectra measurements in the
visible region. There are no references in the literature to
ultra-violet irradiation of any of the other aromatic nitro~com-
pdunds examined in this work,

| The quartz vacuum mercury vapour lemp, used as the
source of ultra-violet light, and of dimensions 14 cms,. long
end 1} em, .diameter, was situated 28 cms. from the central exis
of the 500 ml. quartz flask used to contain the solution. ‘the
solutions were meintained at 25 + 2°C, and after exXposure the‘,~
irrediated solutigns were filtered through a No. 4 sintered glass
crucible,

The Spekker photo-electric absorptionmeter was used to

compare the colour intensities of the irradiated solutions, with

the times of irradiation, and with compounds considered to be
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possible products of irradiation. In these readings, the No. 7

blue filters supplied with the instrument were used. the
absorption spectrum, of each solution, was exemined before, and
after irradiation.

The samples of 7 ,N.T., used for irradiation, were puri-
fied by re-crystéllisation: alyha T.N.F. m,pt. 81.5°C; beta
7.8.7. m.pt. 112.0°C; gemma T.N.7. 104.0°C.

Acetic acid solutions of each isomer, of pH 5.5, and
concentration M/ZOOO, were irradiated for forty-eight hours.
Further irradiations of alphe T.N.P. in glacial acetic acid, and
also in carbon tetradhloride solutions, were made. The carbon
tetrachloride was purified by washing with water, dried with
caleium chloride, and redistilled. 3.0075 grammes of pure alpha
T.N.T. were dissoived in 500 ml. of carbon*tetrachloride, and the
solution was irradiated for 100 hours; After irradiation, the
air space above the solution, and the carbon tetrachloride
solution itself, were tested for NOp with the sulphanilamide -
alpha naphthylamine reagent (W.M. Cumming and W.A. Alexander,
Analyst 68, 810, 273=k, =1943-). The irradiation product was
submitted to chromatographic aﬁalysis, using a quartz tube of
dimensions, %0 cm., long x 13 cm. diameter, with elumina as the
adsorbent, the apparatus being so designed that a pressure
reduction of 10 cm. of mercury could be obtained.

Acetic acid solutions of tetryl, pH 5.H, and concentra-
tioﬁ M/BOOO, were irradisted for widely varying periods of time,

Tornassist solubility, 15% of spectroscopic alcohol was added,
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A similar solution of tetryl was kept at 37.5°C for 120 hours,
in absence of light, and a control sample of solvent was irradi-
ated for 48 hours, under the above conditions.

Solutions of 2:A—dinitrbphenylmethylnitramine, 2zl 36~
trinitrophenylnitramine, 2:4:6-trinitrophenetole, and picryl
chloride, of concentration m/BOOO were irradiated in 20% aqueous
alcoholic solution, spectroscopic alcohol being used in all cases,

Alpha, beta, and gamma ¥.N.T.

Results.

An M/2000 aqueous solution of alpha ?.N.T., of‘pH h.5,
becomes orange in colour on irradiation for 60 hours, and a brown
precipitate, soluble in spectroscopic ethyl alcoholé is formed,
The aqueous solution can be extracted with acetone, Addition of
alkali to the aqueous irradiated solution, and to the alcoholiec
solution of the precipitate, gives an increassed colour intensity,
the intensity being reduced by addition of mineral acid. The
@ction of alkali, on non-irradiated aqueous alpha T.N.T., is
almost negligible, compared with the colour intensification
produced from the irrediated solution.

1/2000 solutions of beta, and gamma T.N.T., both give
yellow solutions on irradiation for 48 hours and in eachioase, a
precipitate is formed, which is soluble in spectroscbpic alcohol.
Addition of elkali to the irradiated solutions, and to the alco-
hoiic solutions of their precipitates, increases the intensity
of colour in esch caese, and once again, the colour intensity is

reversed by addition of minerel acid. The addition of NaOH, to
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the alcoholic solution of irradiation precipitate of gamma T.N.T.,
causes graduel formation of a deep blue colour, followed by a
(change to deep orange red, The irradiation of alpha *.N.7. with
ultra-violet rays, from which the visible radiation has been
filtered, causes a change similaer to that previously described,
1t seems probable that the wave length, responsible for the change,
is in the region of 3630&, which is within the range of ordinary
sunlight.

Ilrradiation of a larger yuantity, 3.3416 gms. alpha
T.N.T. in 500 ml. glacial acetic acid, for 40 hours, gives a pale
yellow solution, and no precipitate, On ineressing the pH value
to 6, the solution becomes dark red, and a brown substance is
precipitated. This substance, on extraction with water, dissolves
rapidly asnd almost completely, to give a dark-reddish black
solution, but is reprecipitated on addition of concentrated
hydrochloric acid. The remeinder of the precipitate is insoluble,
and contains unchanged T.N.T. Complete precipitation only teakes
piace-at PH 7 in about 48 hours, owing to the fact that this
substznce (B) is soluble in acetic acid.

The nitrogen content of this precipitate was found to
be between 11.1% and 12.0%, but owing to its very hygroscopic
neture and instebility, an accurate value could not be obtained.

Microscopic exeminetion indicated thet B was pure, but emorphous.

Drying at 110°C wes found to give decomposition, with a low .

nitrogen value of 9.1%. Substance B melts above 280°C, with

decomposition, ahd deflagretes on heating in an open crucible.
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Substance B is very soluble in water, acetone and
dioxans, solublg in ethyl alcohol, ethyl acetate, and glacial
acetic acid. It is reprecipiteted from aqueous solution by
addition of concentrated acid, but not by addition of glacial
ecetic acid. . After drying, it is insoluble in.Water, but it is
still soluble in acetone, and can still be precipitated by hydro-
chloric acid.

The irradiated glacial acetic acid solution, after
neutralisation, and filtration, was extracted with various
solvents, None of the solvents tried, nemely, carbon tetra-
chloride, chloroform, benzene, ether, ethyl, alcohol, acetone,
cyclohexane, dioxene, ethyl acetate, gave any extraction.
Concentrated hydrochloric ecid reduces the colour of the solution
to pale yellow, without formation of a precipitate. Failure to
extract the irrsdiasted solution with acetone, dioxane or ethyl
acetate; in all of which substénce B is very soluble, shows that
in this case, there sre two products of irradiation. Po investi-
géte the fﬁnction of the methyl group, in_the irradiation changes'
of elpha T.N.T., an aqueous, and an alcoholic solution of s-tri-
nitrobenzene were irradiated. Bach solution was irradiated
over‘peribds up to 48 hours. It was found, that prolonged
ifradiation of aqueous s-trinitrobenzene had very little effect,
only changing the colour to a very pale yellow, Similarly
2:4s6-trinitrobenzaldehyde was irradiated in aqueous alcoholic
solution for 48 hours. The absorption spectra for these two

irradisted solutions are shown on pegesb52a ands52b .
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Beach isomer of T .N.T., exhibits only general absorption
and, after irradiation, the absorption curve in each case, shows
en increase in general absorption, but no selective absorption,
The absorption curve of i:radiated s-trinitrobenzene, in ayueous
alcoholic solution, is of the same type as that of irradiated
alpha T.N.T. solution, and also of irradiated 2:4:6-trinitrobenz-
aldehyde, the latter being known to form 2:4~dinitro=-6-nitroso-
benzoic acid on irradiation, by a migration of an oxygen atom
- from the ortho nitro group, to the aldehyue group. (P.A. Leighton
end F.A. Luey, J. Chem., Phys., 2, 756, =193%4~-},

Since both irradiation products, derived from irradiation
of alpha T.N.P. in glacial acetic acid, are insoluble in carbon
tetrachloride, it seemed possiﬁle, that irradiation of alpha T.N.E.
in cerbon tetrachloride solution would give precipitation of both
these substances, &nd leave unchanged elpha T.N.T. in solution.
It was found that after irrsdiation, the carbon tetrachloridg
solution was yellow in colour, but this did not necessarily
indicate that alpha T.N.T. irradistion products were present in
solution, since cerbon tetrachloride is itself affected by
1rradiatioﬁ. On the other hand, during the irradiation, & light
brown precipitate was formed, which constantly increased in quan-
tity during the irradiation. None of this was produced by
-irradiation of a control sample of carbon tetrachloride. No
evidence of presence of NOp, in the air space above the solution,
of in the solution itself was found. The precipitate was

different from previous products, in that it did not dissolve in
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water, and this indicated, that previous irradiations in other
solvents, had included a stege in the reaction mechanism, which
would not take place so readily in carbon trtrachloride solution.
The substance dissolved completely in acetone, giving a red
solution! and also dissolved in acidified ether, but was insoluble
in ether, methyl alcohol, and ethyl acetate.

- It was decided to submit the acetone solution of this
product to chromatographic enalysis. fhe column rejuired 10 ml,
of acetone for saturation, so that 10 ml. of pure acetone should
be drawn off at the beginning of each trial, before any products
passed out. In each exXperiment, after saturation of the column,
Hh ml., of acetone solution of the irradietion product, were
added, After trial of & large number of solvents, it was decided
to develop the chromatogram with acetone. +he results in each
test made were:-
(1) A brown band was formed at the top,
(ii) On developing this, two pink bands separeted and were
washed out of the column, and the fractions collected.
(1i1i) The fractions washed out of the column were successively,
yellow (x), orange pink (y), and pink (z). The latter
two were aerived from the ﬁwo pink bhands,
(iv) The brown band could not be further developed by any sol=
| vent used, and the colﬁmn was cut to remove this portioh.
On stirring with acidified acetone, the acetone became
red in colour, leaving the alumina once again colourless,

Fo further bands were observed by examination of the

column under ultra=-violet light.
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All these acetone extracts were concentrated, by
distillation at reduced pressure.

On concentrating the acetone solution derived from (y),
the solution became orange in colour. During the finel stages
of concentration, some material separated from solution, but on
examiration under the microscope, this was found to be of a
globular non-erystalline nature. ‘the substance could be redis-
solved, énd reprecipitated at will, wraction (x) gave & similar
precipitate on concentration. Fraction (y) 1ost.its pink colour
on concentration and became yellow, the final fraction (2)
gave & small amount of non-crystalline material;

Discussionz:=- .

' Ihe results show, in general, that alpha, beta and
gamma T .N,T. are sensitivé to the action of ultra-violet light,
giving products of irradiation,‘the nature of which may vary with
the conditions of irradiation, and particularly with the solvents
used. Alphe ¥.N.¥. is, however, not so semnsitive to ultra-
violet irradiation as tefryl.

Schultz and Ganguly (loc.lcit.) claimed to have analysed

two products of irradiation of alpha T.E;T., end formulated ortho

eand para quinone-oxime structures for them,

CH,OH ‘ CH _OH
”°"\‘/§\No HON CNo
;
NG2 : Noz

o-quinone~oxime p-quinone-oxime

i
i
|
|
%
l
|
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The absorption curves for the irrsdiested solutions of
each isomer, and also for the alcoholic solutions of the precipi-
tate formed on irradiation, are. general, and cor?elation of these
curves with those of known compounds was not attempted.

The fect, thet irradiation of s~trinitrobenzene in
aqueous solution gives no change in the colour of the solution,
whereas irradiation of an aqueous aleoholic solution gives a
definite colour change similer to that produced by irrasdiation
of alpha T.K.T., indicates that the methyl group of alpha T.N.T.
plays & definite role, This supports the Schultz=Ganguly
postulation, of an initial migretion of an oxygen atom, from an
ortho nitro group to the methyl group.

This is also supported by the similaerity in the absorp-
tion curve of 2:4:6-trinitrqbenzaldehyde irrediated solution, to
those of irrediated alpha T.N,T. and g-trinitrobenzene solutions.

| Although the formation of quinone cannot be confirmed,
such evidence might be of importeance,in explaining the occasional
dermatitic properties of T.N.T., since certeain quinones are
known to combine‘with amino~acids, and proteins. Only occasion-
ally, however, could sunlight be expected to cause formation of
sufficient irradiation product, to combine with skin protein, and
hence cause dermatitis.

Tetryl and Related Compounds.

Results

After 14 hours irradiation, the previously colourless

solution of tetryl was found to have'changed to greenish yellow,
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The inerease of colour intensity, with irradiation, is shown by

the following readings on the Spekker:-

Drum Reading

Non-irradiated tetryl solutions M/5000 1.00
1% hrs : : : 0.76
5 2 : : 3 : 0.66
b 3 H : : 0.62
7 = : : : : 0.61

After 7 houfs, the drum reading remained constant at 0.61,

No precipitete was formed during theée short periods of
irradiation, but with a reducéd distance of 20 cm., between lamp

and flask, end an irradiation time of 60 hours, an oraenge brown
subsfance was precipitated.

Tetryl solution has a genersl absorption curve extend-
ing'to AOOOZ, but after irrsdiation for three hours, the absorp-
tion curve is selective with a broad band of meximum value
€= 10,5000 at A= 3460E, and an inflexion etA = A4L00A. The
value of maximum € increases with the time of irradiation,
reaching its highest value after 5 hours irradiation (See pag&7z.).
With the long period of 60 hours irradiastion, the absorption
curves, for the filtered solution and for the precipitete dissolv-
ed in spectroscopic alecohol, show once again, only general absorp-

tion, Before formation of this precipitate, the solution changes

in colour, from yellow to orange.
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The ebsorption curve of tetryl, kept at 37.5°C, for
1350 hours, in absence of light, was identical with a sample
teken at the beginning of this period, and the solution remained
colourless, No absorption above 2ISOK was present in the spec-
trogram of the irfadiated solvent. The photochemical decomposi-
tion products Qr ethyl alcohol sare gaseous (H. Gandechon and
D. Berthelot Compt. Rénd. 156, 23%3, =191%-), and changes in the
solvent as a whole can be neglected.

The abéorptidn curves, of all tetryl derivatives
examined, are shown on pagés22a to22n , and of these, only two
have bands of & type similar to that of irradiated tetryl.

Picric acid has a band with meximum € = 14,000 &t A = 55201,

but there is no inflexion atA = A4l00A. On the other hend,

the absorption curve of N-methylpicramide approaches very closely
thet of irrsdiated tetryl, having a band with meximum €= 14,000
at A= - 3460K, and an inflexion at A= 4lO00A.

The intemsities of the colours of M/5000 solutions of
N-methylpicramide, picric acid, and tetryl (irradiated for 3
hours} were compared on the Spekker absorptionmeter, In
addition, the effect of addition of 0.5 ml., 0.1 N NaOH, to 10 ml,
of the above M/5000 solution is recorded., The neutral end
alkaline colours, of a solution containing 80% m/SOOO N-methyl-
picramide + 20% distilled water are very close to the respective

eolour intensities of tetryl solution irradiested for 3 hours.
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Drum Reading

N-Methylpicramide M/5000 0.588
20% water + 80% N-Methylpicramide M/5000 0.640
Non-irradiated tetryl M/5000 1.000
3 hours : : 0;660
Picric Acid M/5000 V 0.750

Intensities two minutes after addition of alkali =

N-Methylpicramide M/5000 ; 0.300
20% water + 80% N-Methylpicremide /5000 | 0.410
3 hours irradiated tetryl M/5000 0.440
Picric Acid M/5000 | 0.760
20% tetryl + 80% N-Methylpicramide /5000 0.190

Finally, the irradiated tetryl solution was tested with
the sulphanilamide - alpha naphthylamine spot test reagent for
nitrous aeid; (W.M. Cumming and W.A. Alexander, Analyst, 68, 810,
275;274, -1943-) and also for nitric acid, by réduction with zinc
dust. In the former cese, & negative result was obtained, bdbut
in the latter, a slight positive result was given., The intensity
of eolour was not sufficient, however, to distinguish between any
acidity produced by irradiation, and the original inherent acidity
of the tetryl,

On irrsdiation, an M/5000 solution of 2:4=dinitrophenyl-
methylnitramine was increased in colour intensity to greenish
yellow; The solvent composition, and irraediation conditions
were identical with those of tetryl. The progress of irrsdia-

tion is shown by the Spekker readings, and the colour intensity
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of 2:j=dinitromonomethylaniline solution is compared.

Drum Reading.

2:4=dinitrophenylmet hylnitraemine 2 hrs. Irrad.,

1/5000 0.740

: 2 : : b2 o | 0.660
: T .z : 6 : 0.610
2:4-dinitromonomethylaniline /10,000 0.720

No precipitate was formed during the six hours irradi-
ation. The’absorption curve of 2:4~dinitrophenylmethylnitramine
solution is .general, but after irradiation a broad absorption
band, \= 35604 is present. The velue of maximum¢ is 8,000,
for the solution irradiated for 2 hours, and 11,000 after k4
hours, the absorption curve of 2:4~-dinitromonomethylaniline
has an absorption band of the same type as the irradiated solu-
tion, with makimum €= 16,000 at A = 3590&. (See page 59a.).

An /5000 solution of 2:4:6-trinitfophenylnitramine
irradiated under similar conditions, increases in colour to
greenish yellow, no precipitate'being formed during an‘irradia-
tion period of 5 hours, The following Spekker readings record
the progress of irradiation and compare the intensities of the
irradiated solutions with that of a solution of picramide. |

Drum Reading.

Picremide /5000 0.760
2:4:6-trinitrophenylnitramine /5000 0.940
Irradiated 13 hours -do=- 0.810
Irradiated 5 hours -do- 0.620

2:4:6-trinitrophenylnitramine solution has a band
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with maximum €= 7600, at A = 3460Z. he irradisted solution
exhibits a similar band displaced to the wave~length 3280&, and
with a slightly increased extinction value. The extinction
values in the region 4000~4800%, are increased, creating an
inflexion at 4O00X.

2:4:6-trinitr9phenetole solution, M/5000, exhibits
only general absorption, but after ultra-violet irradiation for
5 hours, the absorption curve exhibits two bands, maximum ¢ =
8,400 at 3480& and maximum & = 7,000 at 4400L, and after 6
hours, two bands, meximum £ = 9,600 at 35604 and meximum ¢ = 7,800
at 4400Z. The colourless solution chenges during irradiation
to orange red.  An 1i/5000 picryl chloride solution, which also
exhibits general absorption, becomes yellow on irradiation for
3 hou;s and exhibits an absorption band of maximum ¢ = 3300, at
3550K. The nature of the products of irradietion of 2:4:6=
trinitrophenetole,.and picryl chloride, has not yet been estab-
lished.
 Discussion:-

From an examination of the absorption curves, it is
clear that picric ecid, end N-methylpicramide, are.closely

related as possible irradiation products of tetryl,

The formation of picric acid, as an irradietion product,

could aerise from hydrolysis, with formation of methylnitremine.

QHs NOJ
\N/ oH
an( v ot N e, o
—_— g + H,C-N
N
N No
No NOo
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Various reactions of tetryl with amines involving first
‘ of all addition and then condensation, with elimination of methyl=-
nitremine, have been reported by P,.Vanp Romburgh and A.D. Mauren-
brecher (Verslag K. Aked Wektenschappen, imsterdam, 15, 731,=1907~)
by C.F. Duin (Utrecht Rec. Trev. Chim. 38, 89-100, =1919-), and
by T.C. Jemes, J.I.M, Jones, and R.I. Lewis (J. Chem, Soc; 1275,
~1920-).

| The absorption curve of methylnitremine, as given by
E.C.C. Bely and C.H. Desch (J. Chem. Soc. 93, 1747, =-1908~), has
@ bend at 25604, A more accurete determination has been given by
G. Kortum (%. Physikal Chem. B.43, 271, =1939-). However, if
this were present in solution with picrie acid‘it could not give
rise to the flattened portion, of the absorption curve of irrad-
iated tetryl.

The formation of N-methylpicramide could arise by

elimination of = NO; as HNOg

CH3 NO,
\N/ ] \N/

oON ANQ OaN NOz

2 = | + HO-NOa

N9,

Although no work has been reported on the irradiation
of tetryl, evidence, of formation of N-methylpicramide in other
circumstances, has been reported., K.H. Mertens (Ber. 19, 2123,
-1886-), observed, thet tetryl heated in verious solvents,
evolved nitric oxide and formed N-methylpicramide.‘ Similarly,
by action of concentrated sulphuric acid at 100°C, they were

able to isolate N-methylpicramide. They suggest formation of
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nitric acid, and N-methylpicramide, by hydrolysis, and report
a positive test for nitric acid with diphenylamine,

The absorption data is sufficient, in itself to show
thet the irradiation product of tetryl is N-methylpicramide,
the correlated curves for mixtures of N-methylpicramide and
tetryl being verticularly close to that of irradiated tetryl
(see pege 57a. ). However, as additionsl evidence, the Spekker
readings, for the neutral and alkeline solutions, give very
close values. Tetryl, irradiated for 3 hours, gives values
agreeing with 80%Nmethylpicramide. The colour intensity with
élkali, however, does not agree with a value of 20% residual
tetryl. The residual tetryl must be less than 5%, and the other
15% should be represented by secondary products, such as 2:h~
dinitrophenylmethylnitramine, which have general absorption, and
give very smell éolour changes with elkali in dilute solution.

Under the chosen conditions, then, tetryl may be said
to be very sensitive to ultra-violet irradiation. . It was also
note@/ thet prolonged irradiation for 60 hours, completely
destroyéd the N-methylpicremide, resulting in products possess-
ing only geﬁeral absorption, Their identifica%ion by spectro-
graphic means was not attempted.

The absorption curve of Z2:4-dinitrophenylmethylnitra=-

mine solution irrediated for 4 hours, cen be correlated almost

exactly with that of a mixture of 65% 2:4~dinitromonomethyl-
aniline, end 35% 2:4-dinitrophenylmethylnitremine (see page59a. ).
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This indicetes, that the change taking place during irradiation

involves splitting off the non nucleer nitro-group, and its

replacement by & hydrogen atom,

CHy NO CHe H
[ 2 /
\N \',“.'.
7N o
NO. 2
* = [\;] + HO'NO,
No, No,

This change corresponds to thet taeking place during
the irradistion of tetryl. Once again, the readings on the
Spekker support these conclusions,

On a similar basis, irradiation of 2:4s:6-trinitro-
phenylnitramine might be expected to split off the noninuclear

nitro-group, to give picramide.

o H
Hy /o, Sn’

However, the absorption band of 2:43:6~trinitrophenyl-
nitremine lies between the two bands of picramide, and identifi=-
cation of a proportion of picramide, in 2:4:6=trinitrophenyl-
nitremine is rendered difficult by the consequent merging of the
threé bends. Irrediation, however, moves the band of 2:436~
trinitrophenylnitremine to the approximate position of the lower
wave-length band of picramide, and in addition, the extinction

values are greatly increased in the region of the higher wave-

length band of picramide. After a period of 5 hours irradiation

the Spekker reading shows a higher intensity than thet of an

M/5000 solution of picramide. Under these circumstances,
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therefore, it may be concluded, that 2:4:6~trinitrophenylnitramine
is very sensitive to ultra-violet irradiation, and one of the
products of irrsdiation ma& be picramide.

~Phe extreme senéitivity of tetryl to ultra-violet

irrediation, indicetes that tetryl might be changed to N-méthyl-
picremide, after adsorption on the skin. P.G.H. Gell (Brit,., J.
Exptl. Pathology 25, 174, -1944-) has shown that N-methylpicramide
is an active dermatitic &gent, for this reeson, the reasctivity

of both tetfyl, and N-methylpicremide, towards amino-ecids, has
been investigated, The identification, of the irradiation pro-
duct of 2:h:6=trinitrophenetole, has yet to be investigated, and
should provide a very interesting problem, particularly in view

of the c¢haracteristic neture of the absorption spectrum of the

irradiated solution,
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THZ_ESTIMATION OF IMPURITIES LN 1ETRYL

gptroduction

Tetryl is prepared by the nitration of dimethylaniline
in sulphuric acid solution. - It ié manufactured either in
batches, or by a continuous process. If the nitration conditions
are not correct, the product mey be soft and putty, or coagulated.

The identification of impurities, present in crude
tetryl was important, since these impurities might be responsibls
for part, or all, of the dermatitic properties attributed to
tetryl,

Previous Wérk has éstablished, that there is a loss in
weight when crude tetryl is boiled with water as in the purifica-
tion:stage, and the water develops a marked acid reaction. The
loss in weight is higher for crude batch tetryl, than for crude
continuous tetryl. The abnormal loss during the initial boil~
ing, is due to the hydrolysis of meta-nitrotetryl (2:3:4:6~tetra=-
nitrophenylmethylnitramine), an impurity known to be present in
tetryl, and subsequent boiling losses are ascribed to the solu-
bility of tetryl. |

The existing methods, of determination of m-nitrotetryl,
are all based on the hydrolysis of m-nitrotetryl, to m=hydroxy-
tetryl (2:4:6gg?fro-3-hydroxyphenylmethylnitramine) on boiling with
water; The simplest method, by determination of ﬁhe loss in
weight of crude tetryl on boiling with water, is not accurate
owing to the inevitable mechanical loss of material, and the

varying amounts of tetryl, which are dissolved at the same time.
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The second method, by determination of the acidity developed

by the hydrolysis
OIN\

PRLR AN ,C%H,
~
O N No O.N ~No
X 3 CX <
—_— + HNo,
No, oH
Na, No,

gives inaccurate results, since hydrolysis, in presence of tetryl,
gives acid values ranging from{l.z to 1.8 gm. equivalents per
molecule, Phere are acid variations, due to oxidation to nitric
acid, volatilisation and formation of nitric oxide, so that only
one gm, equivalent, nemely, that due to m-hydroxytetryl can be
relied on.

| Meta=nitrotetryl is also hydrolysed, by refluxing with
aqueous methyl alcohol, under anaerobic conditions, and the
volatile methyl nitrite is determined by absorption in acidified

potassium iodide solution, followed by titration of the liberated

iodine.
NOz(CHg )N NO, (CH3 )N
;>censno2 + MeOH ——> -';>csnaon-
(NO2 )5 ° ’ (NO2 )3

+MeONO

MeONO + HI->MeOH + NO + I
This method is based on that for determination of methanol
(Williem Ender, Angew Chem. 47, 227-8. -1934-~), by formation of
methyl nitrite, absorption in acidified potessium iodide solution,
and titration of the liberaeted iodine with sodium thiosulphate.
Znder comments, thet the velocity of the carbon dioxide used for
sweeping out the methyl nitrite, and the reaction period, are

factors which influence the determination to a considerable extent,
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The figures obtained, by the above method for estimating m=-nitro-
tetryl, are found to be higher than theoretical by 6%. A4
correction ratio has therefore to 56 applied to get figures with-
in l%, and presence of excess tetryl does not influence these
results,

- _All the existing methods, however, involve an impiri-
cal correction for tetryl solubility, in deterwmining the boiling
loss by weighing, and since the methyl nitrite process involves
& hydrolysis of -NOp grouping, &nd combination with methyl alcohol,
the complete value, for methyl nitrite formed, may include partial
hydrolysis of tetryl -NOp groups, and a second ~NOy group from
the m=nitrotetryl moledule.

It was, therefore, desirable to find a method for deter=
.mining the tetryl dissolved, so that boiling losses could be
more accurately correlated with m-nitrotetryl content, and to
estimate directly m-hydroxytetryl formed, so that errors in
estimation by parﬁial hydrolysis of more then one N0, group, per
molecule of m-nitrotetryl, could be eliminated. For this reason,
it was decided to employ a combination of spectrographic, and
colorimetric methods, with the object of confirming the presence
of m=nitrotetryl as &an impurity,“estimating the amount of m-nitro-

tetryl present, end of finding whether any other impurities were
present.

Experimental.

Semples of pure tetryl M.Pt. 130°C, m-hydroxytetryl

M.Pt. 173%°C, m=nitrotetryl M.Pt. 145°C, and 2:4-dinitromono-
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methyleniline M.Pt. 178°C were prepared and used in the estima-
tions,

" The coiour intensity readings were made on the Spekker
abso?ptiometer, using No. 7 blue filters, and 1 cm. quartz cells.

Owing to the sensitivity of tetryl to sunlight, or day-
light all refluxing experiments were carried out in darkness, and
after refluxing and cooling, the solutions were filtered through
No. 4 sintered glass crucibles, and made up to standérd volumes,

‘The effect of addition of 2NKOH solution, to /5000
solutions of m=-hydroxytetryl, tetryl and 2:4-dinitromonomethyl
aniline, for aqueous, aqueous:alcoholic, and aqueous:acetone
solutions, wasSe determined.

The absorption curves of m-~hydroxytetryl, in neutral -
and in acid (pH 2.5) aqueous solution, were determined. The
solutions, derived from boiling the tetryl samples, were also
examined by absorption spectrophotometric methods. .

Tive quantities of pure dry tetryl, were weighéd
accurately, refluxed thirty minutes, with 40 ml, distilled water
~in absénce of light, and cooled to 15°C. The solutions were
then filtered in No. 4 sintered glass crucibles, and the filtrate
collected, so that the tetryl in solution could be tested éolori-
metrically. The crucibles were dried for two hours and weighed

before, and after filtration. A quick-fit boiling tube of

capacity 50 ml, and quick-fit condenser, were used for the

refluxing experiments. ‘he filtrate was made up to 100 ml, in

each case,
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For the purpose of the colorimetric method later
described, the relationship of the colours produced to_the
concentration in the solution of each constituent, was determined
by readings on the Spekker. The standard solutions were of
concentretion M/SOOO, and the colour intensity produced by 1 ml.
of 2NKOH, on 10 ml. of aqueous tetryl solution, waSe determined.
The acetone colours later referred to, were determined with 1 ml.
of 2NKOH, 5 ml, acetone, and 10 ml. standard aqueous m~hydroxy-
tetryl, and tetryl solutions. Dilutions were obtained by
taking x ml, of standard solutions and addingllo ~ X ml, of
water, to give 10 ml. of aqueous solution.

Eleven synthetic mixtures of tetryl, and m-~hydroxy-
tetryl solution, were made up and used to test the colorimetric
method. Five quantities of a sample of batch tetryl, end three
quantities of & different éample of batch tetryl, were boiled
witﬁ water and the resulting solutions examined colorimetrically.
In a few cases, the loss in weight on boiling and the percentage
of m-hydroxytetryl in the solution was determined by absorption
spectrophotometric measurements, In addition, the solutions
derived from coagulated tetryl and continuous tetryl, respective-
ly, by boiling, were examined colorimetrically and their absorp-
tion spectra determined. in each case, 10 gm, of tetryl were
boiled for one and a half hours with 400 ml, of distilled water,
in darkness, and after cooling to 15°C, filtered through a No.k.
'sintered glass erucible, and mede up to 500 ml., with distilled

water, in addition, five quantities of m-nitrotetryl, accurate-
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ly weighed out, were refluxed, and the percentage of m-hydroxy-
tetryl in the resulting solution, determined colorimetrically,
and compared with the celculated value.

A sample of acid liquor, derived during the sampling
of the continuous tetryl sample, was found to contain an orange
precipitste, This was filtered off, and its absorption spectra,
and that of the acid liquor itself, were determined.

Results. N

The absorption curves, for the samples of tetryl
examined, are shown on pages 70a. The e&bsorption curves of
/m—hydroxytetryl, éndA2:4-dinitromonomethylaniline, are shown on
pages22a. to 22n, The absorption curves show that the impurity
" present in continuous, batch, and coagulated tetryl, respectively,
is m-hydroxytetryl, and not 2:4-dinitromonomethylaniline which
was at first thought to be a possible impurity due to under
nitrations, Thevm-hydroxytetryl is, of course, derived from
original m-mitrosytetryl, by hydrolysis. ' The absorption curve,
denoted as hydrolysable content in the graphs, is that giﬁen by
the soiution obtained from batch tetryl. The absorption curves
shown‘for the acid-liquor, and for the precipitate present in
the acid—liquor, are not sufficiently definite for them to Dbe
identified, v

The m-hydroxytetryl content of tetryl can be estimated
by the spectrographic method. The absorption band for m-hydroxy-
tetryl has maximum¢ = 14,800 at A = 3610A. From the curve, it

is possible to determine an unknown concentration of m-hydroxy-
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tetryl in any solution derived from refluxing a known weight of

crude tetryl with water. Tetryl has no absorption band, and

does not effect the estimation. The caldulation is as follows:-
log %L = €cd

¢ = meximum¢= 14,800 from absorption curve of m~hydroxy=
tetryl.

log %m density reading at the maximum of the absorption
band of the unknown solution

d = 1length of cell.
¢ = molecular concentration,

. s C = log L X1
1 ¢d
= 1

X

¢ in gm/litre = Molecular weight of m-hydroxy tetryl.
. X .

}It is possible to estimate a concentration to within
0.0005 gm, so this method was used as a standard for the colori=
metric method. The absorption curve of m-hydroxytetryl does
not vary in the range pH 2.5 to 7.0, and hence acidity developed
on boiling crude tetryl is not important,

Colorimetric Method.

It was discovered that m-hydroxytetryl does not give
eny change in ecolour intensity on addition of alkali to its
aqueous solution, whereas it gives a red coloration with alkali
in presence of acetone. This coloration incresses in intensity
gradually with time, within & period of ten minutes. A definite

proportion of acetone, preferably 50% of the agueous solution by

volume, end not simply a trace, is necessary for colour forma-
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formation. Finally, the colour intensity is markedly influenced
by temperature.

Tetryl solution gives a red coloration with alkali, both
in aqueous and aqueous-acetone solution. The former is not related
to temperature or time, but the latter is influenced by temper-
ature, and falls off rapidly in intensity with time.

At first, it would appear that little use could be made
of colour intensities so variable, but extensive experiments have
shown that this is not the case. The first point is that action of
aqueous-alkali gives a colour intensity directly proportional to
the tetryl content alone, as m-hydroxytetryl content is not affect-
ed in .colour by aqueous—-alkali. The determination of the colour
intensity produced by acetone-slkali, on a mixture of tetryl and
m~hydroxytetryl in aqueous solution, obviously gives a colour
intensity, to which both constituents contribute. However, as from
the aqueous-slkali intensity reading the percentage of tetryl
present is known, allowance for this in the acetone-alksali intens-
ity reading may be made, and the m-hydroxytetryl content obtained
by difference. The following conditions were observed, and have
resulted in linear relationships between colour intensity and
concentration of the solutionse.

() The initial temperature of the solution, prior to addition of
acetone and alkali, must be noted. Different temperatures give
straight lines with different intercepts on the y-axis. The tem-
‘perature must be measured before addition of acetone, since there

is a temporary rise of temperature, due to heat of solution of

acetone in water.
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(b) The colour intensity of the acetone-alkali solutions must
be measured two minutes exactly after the addition of alkali.
During this time the m-hydroxytetryl colour increéses, and th e
tetryl colour decreases, and two minutes time has been found to
giVe the best resultse.
(¢) The rabio of volume of acetone to volume of agueous solution
should bé maintained.

Using standard solution and stendard conditions, then,
the colour intensities produced by acetone-alksli, and aqueous-
alkali for tetryl and m~hydroxytetryl solutions, were determined.
A specimen table is given, but the full results are given on
pages73a , to73e .

Tetryl solution, and acetone alkali, 155 C. 1 ml. of
2N KOH and 5 mle. of acetone are added in each determination.

Drum reading at 1.00 gives zero deflection, with wateri in both

cellse.

Tetryl Solutione Distilled Watere. Tetryle Drum
M/5000 ml. Concentration. Reading.

ml. (gm/litre)

6.0 4.0 0. 0344 O. 32
5.5 4e5 0. 0316 Oe 365
5.0 ' 5.0 0. 0287 0.42
4.5 5.5 0. 0258 ' 0.485
4.0 6.0 0. 0230 0« 54
3¢5 6e 5 0. 0201 0. 60
3¢ 0 7.0 0.0172 Q.66
2656 7eb 0.0144 0.73
2.0 : 8.0 0.0115 0.79
1.5 Be 5 0. 0086 0.84
1.0 9.0 0. 0057 0. 90
0«5 9.5 0. 0029 0. 94

There is one other important consideration which must be
applied. All solutions containing tetryl must be refluxed in

darkness, as the photochemical change produced by refluxing in
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daylight, gives the solution an increased intensity in colour,
owing to formation of N-methylpicramide. If an aqueous neutral
solution, containing tetryl, is refluxed in darkness, the colour
intensity, due to the tetryl, is negligible. It was also found,
that the colour intensity increase, produced by aqueous-alkali
in tetryl solution, was the same, whether alone or in presence
0of m-hydroxytetryl. _ |

' The method of determination was checked by making up
synthetic solutions of tetryl, and m-hydroxytetryl.
Mixtures of tetryl, ahd m-hydroxytetryle.

Acetone alkali. Temperature 13% Ce.

Concentration (gm/litre). Drum Reading (after 2 mins.)

Tetryl. m-hydroxytetryl. Observed. Calculated.

- 0. 0606 D.63 0. 59
0. 0029 0. 0576 0« 585 0. 56
0. 0087 - 0. 0545 Q. 54 0. 52
0. 0086 0. 0515 : 0«50 0.48
0.0115 0. 0484 De 465 Q.42
0. 0172 0. 0424 O« 395 O« 345
0. 0230 - 0.0364 0. 32 Q.27
0. 0287 0. 0303 0.25 0.19

The comparison of the loss in\Weight on boiling pure
tetryl samples, and the colorimetric result for the tetryl dis-
solvedbby the water, shows the extent of the mechanical loss in
an estimation of this kind. |
Tetryl Sample A B c D E

Loss in weight on  (,Q061 0.0061 0.0066 - 0.0070 0.0066
boiling. gm.

Amount of tetryl in o, 0030 0.0030 0.0028 0.0034 0.0028
filtrate. gme

The following results are given for the estimations on

batch tetryl samplese.
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sSample. Wi. takene Loss in Wie Tetryl.m—hydroxytetryl m=nitro

(g ) (gm.) (gm.) — (gm.) &7 tetryl.
%
I A 209532 0. 0777 0. 0109 0.0438 1.48 1.62
B 2. 8672 0. 0739 0. 0071 0.0468 1.63 1.79
C 27299 0. 0660 0. 0085 0.0402 1.47 l.61
D 3. 0083 - 0e 0208 00490 1.63 1.79
B 3¢ 0011 - 0.0093 0.0420 1.40 1.53
II A 3. 0154 - C. 0061 nil - -
B 3. 0078 - 0. 0070 nil - -
e 3. 0189 - 0. 0108 nil - -

The following results are given for m-nitrotetryl,
guantities of which were weighed out accurately, refluxed one
hour with water, snd made up to a standard volume. The percent-
age m-hydroxytetryl was determined colorimetrically, and by
calculation, assuming 100% hydrolysis. Miss E.B. Dumming
(Private Communicetion) has found that m-nitrotetryl hydrolyses
hﬁnediatemy in methyl alcohol solutibn, and also in concentrated

mineral acid solutione.

Sample. Wt. of m=nitro Wt. of m~hydroxytetryl (em.)
tetryl taken Observed. Calculated.
{eme)
v 0. 0112 0. 0098 0. 0102
W 0. 0087 0. 0084 0. 0079
X 0. 0099 0. 0086 . 0« 0090
Y 0. 0113 0. 0100 0. 0103
Z - 0. 0094 0. 0074 0. 0086

A few colorimetric readings are correlated with

spectrographic readings.

’ m-Hydroxytetryl.
Sample. . Colorimetric Method. Spectrogr&phic Method.
I A : 0. 0438 0. 0410
B 0. 0468 0.0415
C 0. 0402 ‘ 0. 0470

IT A | Nil. < 00030
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All the Spekker readings are bssed on a Spekker
setting, water to water, at drum reading 1.00 . Although the
accuracy of the method can be increased by taking a large amount
of crude tetryl, and hence increasing the m?hydroxytetryl con-
centration, it cennot be increased indefinitely, since the
m~hydroxytetryl concentration,and tetryi concentration,must
together give & drum resding within the reange 0.00 to 1.00 for
acetone~alkali colour intensity. However, a paper by J. Little

( JeSoc. Chem. Ind. 64, 118-119, -1945-) has indicatéd a new

method for setting the Spekker. By this method, the Spekker is

- set water to water at a drum reading 2.00, but the readings are

recorded om the accurate portion of the drum - between 0.00 and
1.00 « Therefore, twice the conqentration éf m-hydroxytetryl
may be estimafed, and the accuracy correspondingly increased.
.In practice, the weight of crude tétryl taken should
be adjusted to give a drum reading as near 0.00 as possible,
hence giving & high concentration of m-Hydroxytetryl, and
increased accuracy. The water volume for‘refluxing should be
100 ml. or less, so that the amount of tetryl dissolved is as
small as possibles Iricidentally, the veriastions in tetryl dis-
solved, in the few examples quoted, show how unéertain any
empirical correction can be. The dilution required for Spekker
readings will be normaedly the same as in the example qﬁoted
below. The volume of 100 ml. of Water is sufficient to dissolve
0.5 gme of m~hydroxytetryl, and hydrolysis is normally complete
withinAqne hour. A very approximate'value, for m-hydroxytetryl

content, cen be found by measuring the neutral colour intensity
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and using the graph on page73e .

The graphs on pages 73a-e, 40 not give relatiohships
for all temperatures between 10°C and 20 C, since lsck of
thermostatic control on the Spekker prevented accuracy for tem-
peratures different from rook temperature, and it is recommend-
ed that M/5000 standard solutions of tetryl, and m-hydroxy-
tetryl, be used to find the location of the curve for esch set
of results, and room temperature. A 20% aqueous;alcoholic stend-
ard solution of'tetryl may be uséd, as presence of alcohol does
not affect the readings, and facilitates the solution of tetryl.

In conclusion, it may be said that under correct
conditions, the accuracy of this method'is good, although a
definite figure of accuracy cennot be epplied until a large
number of estimations has been made.

Detailed Analytical Proceduree.

A gquantity of crude tetryl, three to ten grammes, is
accurately weighed, and refluxed with 100ml. of water, in dark-
hess, for ninety minutes, cooled to 15°C and filtered through &
No. 4 sintered glass crucible. The filtrate is made up to 500ml.
with distilled water, and the following readings téken on the
Spekker absdrptiometer.

() ©Neutral colour intensity, drum reading.
(b) Colour intensity with aqueous-alkali, drum reading.
(c)l Colour intensity with acetone-alkali, drum reading.
The temperaturevis also noted.
The solution is diluted with water, if necessary, to bring

the drum reading within a duiteble range, e.ge 5 ml. made up to

10 ml. represents a dilution ratio of 1:1 .
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The results are then obtained from the graphs and the

following examplee illustrates the calculation.

A. Initial weight of sample (gm.) 2. 9532
B. Dilmtion ratio 1l:1
Ce Neutral drum feading . O.é5
De. Aqueous—alkaii drum reading O 35

E. Corrected agqueous-alkali drum reading (L - C + D ) 0. 50
F. Tetryl concentration gm./litre (Page?73a) ' ‘ 0. 0109

Ge Tetryl concentration gm/500.ml. ellowing for
dilution. : ‘ 0. 0109

H. Acetone-alkali reading for tetryl at 14°C (Page73b ) 0.78
. Je Actual acetone-alkali reading drum o - 0.44
K. Drum resding due to m-hydroxytetryl (1 - H + J ) 0. 66
Le Concentfation of m~hydroxytetryl gm/litre (Page73c ) 6.0458

M. Concentration m-hydroxytetryl gm/500 mle
allowing for dilution. 0. 0438

N. Percentage of m-nitrotetryl in sample

= 0.0438 x 332 x 100 = 1.62.
2.9532 x 505

In certain cases a more rapid method for estimating
m-nitrotetryl was desirable, and for this reason the following
simplified colorimetric method was devised.

Ansglytical Procedure.

A quantity of crude tetryl, three to ten grammes, is
accuratelylweighed, and refluxed with 100 ml. of water in
complete darkness for one hour . The solution is then cooled to
15°C, filtered through a number 4 sintered glass crucible, snd

made up to 500 ml.

The apparatus for this method, consists of two test
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tubes of equal diameter. Let these tubes be denoted by'A'and‘B‘-
A standard m-hydroxytetryl solution, containing 0.1000 gm/500 ml.
is prepared (denoted by H.Te ) A standard aqueous-alcoholic
solution of tetryl, containing 0.0300 gm/500 ml., is prepared
(denoted by Te ) The iatter solution must be colourless.

(1). Add 10ml. of HeT. to tube A, and 10ml. of unknown solution
to tube 'B.

(2) Add 1 ml. of 2N KOH to each tube at the same instant.

(3) Add volume of T to A sufficient to match colour intensities
in A and'B, and note volume added.

(4) Add 5 ml. acetone to ‘A and ‘B'at the same instant.

(5) Two minutes after addition of acetone, add distilled water to
A, ugtil ‘A and 'B' are agein matched, when viewed horizontally
through the liquid in both tubes. Let the volume of water
added to A be x ml. and let the volume of T added to A'be y ml.

Then the concentration of m-hydroxytetryl in the unknown

solution

Concentration of HeTe. Solution x Volume in'B'
Total volume in ‘A

01000 x 1640 gm/500 ml.
160 + X + ¥

i

The Duboscqg colorimeter has also been used in the estimat-
ion of m~nitrotetryl, and the accuracy of the results has been
found to be between those of the Spekker, and simplé Test-tube

4

methods, respectively.
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BEyxperiments on the Intersction of Aromatic

Nitro-Compounds with Amino-Acids and Proteinse.

Introductione.

It is generally assumed that simple chemical substance s
which csuse sensitization, do so by virtue of their power to
couple with proteins, thus‘producing antigens after introduction
into the body.

CeRe Harington (Chem. & Indust. No. 10, -1944-) has
established that.no derivative of tetryl lacking the full comple-
ment of aromaetic nitro groups, gives any reaction when skin tests
are made on guinea pigs. P.Ge.H. Gell (Brit. J. Exptl. Pathology,
25, 174,-1944-) examined a number of compounds, in an attempt to
find those sble to elicit skin reactions in tetryl sensitdzed
’guinea pigse. The following results include the more important com~
pounds, each (+) referring to the intensity of the skin reaction
obtained:-

- Picryl Glycine (+) 2:4:6-Trinitrophenetole (+++) Picramide (+)
N-Methylpicremide (++) NN-Dimethylpicremide (+) Picryl Chloride(++)
m-Hydroxytetryl (-) m;Nitrotetryl (=)

Gell describes methods of making picryl-antigens from
Picryl chloride and rebbit serum, or guinea pig globulin, but
found that guinea pigs were only weakly or not at all sensitized
by ihjectionvintradermally of these picryl proteins.

‘ These results indicated that & more direct chemicsal in-
vestigation of the interactién of tetryl and related compounds
with skin protein was necessary. W.T. Astbury (Nature 140, 968-9,
-1937-) has indicated that fibrous proteins such as keratin, and
globular proteins such as egg albumin have the same structure and

arrangement of amino-acids. It was decided,therefore, to use crys-



81.
crystallised egg albumin in preliminary experiments, to indicate

a general reaction, and then by using pure amino-acids, to de~
cide which amino-acids, if any, give a reaction with the nitro-
compounds used.

The following data, on the amino-ascid constitution of
crystallised egg albumin, is given by H.O. Calvery (J. Biolf Chem.
94, 613-34, -1932-) and H.B. Vickery and A. Shore (Biochem. J. 26,
1101-6, -1932-)

Arginine 5.03% Tryptophane 1.28¢%
Histidine 2e44 Proline | 4.15
Lysine 6e4l Glutamic Acid 13.96
Tyrosine 320 Aspartic Acid 6e O7
Cystine 1.33 Hydroxy-Glutamic Acid 1.36
Acid Meianin~ 0. 34 Humin - 0.92

HeCs Eckstein (Proc. Soce Exptle Biol. Med. 32,
1573-4, -1935-) and R.J. Block (Ibid. 1574-5) give the Amino-
acid composition of human skin as:-
Arginine 5.9% Lysine 4.68% Histidine 0. 8455
Cystine 3 82 Tyrosine 3.42 Tryptophane 1.80

Experimental.

The reactivity of N-methylpicramide, and picremide to-
wards crystallised egg albumin, was determined by adding O.lgme.
to 100ml. (M/10,000) of each of those substances, and leaving
for seven days in absence of light. The ultra-violet absorption
curves of these solutions, and of all other solutiond subsequent-
ly set up, were determined. The reactivity of 1(-) tyrosine and
1(-) -cystine towards picramide and N-methylpicramide was deter—

mined by adding 50ml. of the amino- acid solution (11/2000), to



50ml. of the appropriate nitrobody solution (M/10,000), and ;ﬁ?—
tinuimg &s before. The relative concentrations in these and
future cases, were chosen after consideration of the absorption
curves of the pure substances. An electric oven with thermostatic
control was used for keeping'the solutions at the temperatures
indicated. .

These expériments were extended to an exsmination of

the reactivity of picryl chloride and tetryl.

Days at °C pH at Con

clusion
(a) 100ml. Picryl chloride pH 11.7 5 " 32 8.6
11,/10,000
(b) 100ml. Pocryl chloride pH 11.7 5 " 32 8.5
14/10,000 + O.lgme. albumin
“(c¢) 166ml. Picryl chloride Neutral 5 " 32 6.6
M/10,000 + O.lgm. albumin
(d) 106ml. Picryl chloride Neutral 5 " 32 6e 6
/10,000
(e) 100ml. Picryl chloride M/10,000 8 " 32 7.1
+solid &(-) cystine :
(f) 100ml. Pieryl chloride 14/10,000 2 " 32 4.9
+solid 1(-) tyrosine .
(g) 50ml. Tetryl M/10,000 + 50ml. 5 0 39 Ged
1(-) tyrosine .
(h) 1606ml. Tetryl /10,000 + solid 5 32 7.1
- 1(-) cystine
(1) 50ml. Tetryl M/5000 + solid 9F " 32 6.0
1(~) tyrosine .
(j) 50ml. Tetryl MF5000 + 50ml. 9f 32 7e3
1(~) cystine M/2000
(k) 50ml. Picryl chloride M/5000 + ot 32 677
50ml. 1(-) tyrosine M/2000
(1) 50ml. Picryl chlorideM/5000 + oz " 32 3.7
50ml. 1(-) cystine 1,/2000
(m) 100ml. Tetryl 1/10,000 Control of 32 65
(n) 100ml. Picryl chloride 11/10,000 9L ¢ 32 6e 5



83

Days at °C pH at Con-

clusione.
_(o) 100ml. 1(-) cystine /2000 Control 9% 32 6.6
(p) 100ml. 1(-) tyrosine M/2000 Control 91 " 32 Bed

(q) 100ml. Tetryl M/10,000 + 0.1 gme 5 "o 32 60
albumin. :

It was thought possible that thé photochemical action
of light on tetryl might facilitate its condensation with crys-
tallised egg albumine. Accordingly, 500m}-vof an M/5000 solution
of tetryl containing O.5gm. of egg albumin, and a control solution
of tetryl, were irradiated for two hours, and samples were drawn
from each at -ten minute intervals, and their colour intensities
examined on the Spekker absorptiometer.

' Similarly a solution containing 250ml. M/5000 tetryl
+ 250ml. M/2000 1(-) tyrosine, and a control solution of 1(-)
t&rosine, were irradiatea for two hours, and tha absorption
curves of each solution determined.

In addition, the solutions 250 ml. /5000 tetryl +
250 ml. M/2000 1(-5 cystine, and 250 ml. tetryl + 250 ml. 1(-)
tyrosine, were exposed to sunlight for fourteen days in the month
of June. Their absohption curves were determined at the end of
thid periode.

Experiments on the interaction of picrsmide, and
N;methylpicramide, with albumin and 1(-) cystine respectively,
when kept for 10 days at 32°C in absence of light, and when
currents of carbon dioxide, air, and oxygen, respectively, were
bubbled through the solutions, were set up. The effect of hydrogen
peroxide on nitfo—compound amino-acid reactions was also invest-

igated.
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It wag decided to extend the above experiments to cover
a larger number of nitro-compounds and of amino-acids. The
following solutions were set up in 100ml. conical flesgks fit-
ted with corks covered Wifh tin foile All the flasks had been
previously cleaned with chromic acid solution. The solutions
were made up from 50mle. M/5000 nitro—campound solution, and
50ml. amino-acid solution M/2000. In the case of crystallised
egg albumin, the albumin was added to 50ml. M/5680 nitro-com-
pound solution, and the solution was diluted to 100ml. with
distilled water. Each 500ml. amino-acid hydrochloride solution
M/2000 contained 3.3 ml. of 0.1N (f 0.7567) NaOH. The pH values
given in this and the previous table were determined at the
conclusion of the interaction period, by means of a Cambridge
pH recorder, and a Morton glass electrode assembly. These

solutions were kept at 37.5°C for fourteen dayse

Solution No. pH.
I. Tetryl - 1(-) Arginine Mono HGl 1 .4
1(-) Lysine " 2 7.4
1(-) Histidine " " 3 e O
1(-) Methionine 4 6e 6
1(-) Tryptophane 5 6.5
II Picryl Chloride - 1(-) Arginine Mono HCl ¢ 6.8
1(-) Lysine " " 4 Ge8
1(-) Histidine " " 8 5.7
12-§ Methionine 9 4.05
. 1{-) Tryptophane 10 3490
III Picramide - 1(-) Arginine Mono HCl 11 "
1(-) Lysine " 12 74
1(-) Histidine " " 13 7ol
1(-) Methionine 14 6.9
1(-) Tryptophane 15 6e 9
IV. N-Methylpicramide-1 —g Arginine Mono HC116 6o 7
1(-) Lysine " R 7ed
1 —3 Histidine " " 18 6.9
1{-) Methionine 19 6e 6



Solution Noe pHe

T-lMethylpicramide- 1(-) Tryptophane . 20 6.6
Ve 2:4:6:=Trinitro-

Phenetole -1(-) Cystine 21 4. 04
1(~) Tyrosine C2R T 349b

1(-) Histidine Mono HCl 23 6e 3

1(-) Arginine " 24 740
1(-) Tryptophane 25 4.08

1(~) Lysine Mono HC1 26 7el
1(~) Methionine 27 4.09

Egg Albumin 28 6.0

Vi. Alpha TeNeTe ~ 1{- Cystine 29 ) 6e 6
1(-) Tyrosine . 30 )

1(~) Histidine Mono HCl 31 Be 9

1(-) Arginine " 32 7 o4

1(~) Tryptophane 33 ’ 6.8

lg—; Lysine Mono HeEl 34 7ed

1(~) Methionine 35 e 9

- Egg Albumin 36 Ge 7

VII. Beta TeN.Te - 1(-) Cystine 37 546
1% Tyrosine 38 5.8

1 Histidine Mono HC1 39 Ge 7

1(-) Arginine " " 40 7.1

1(-) Tryptophane 41 5.7

1(-) Lysine Mono HC1 42 6.9

1(-) Methionine 43 6e 3

Egg Albumin 44 6e 3

VIII? Gamma Te.N.T.31(-) Cystine . 45 Be77
. 1(-) Tyrosine * 46 6.0

1(~) Histidine Mono HCl 47 67

1(-) Arginine " " 48 7e1

1(-) Tryptophane 49 5.7

1(-) Lysine Mono HC1l 50 6e 9

1(-) Methionine 51 63

Egg Albumin - 52 Be 3

IX. Picric Acid -1%-3 Cystine 53 5.1
1(-) Arginine Mono HCL 54 7.1

1(-) Methionine 55 5e2

Egg Albumin 56 Ge 3

1(~) Lysine Mono HC1 57 7.2

The following controls were also set up, amino-acid
M/4000, and nitro-compound M/10,000. Numbers 63, 64, 65, 66,
contained an amount of alkali equivalent to that in the amiio-

acid hydrochlorides.
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Solution No.

3

Xe 1(-) Histidine Mono HCL ' 58 6.9
l%"% Arginine 1" " 59 Te7
1(3) Tryptophane 60 8e 5
12—; Lysine Mono HC1 ' 61 9.9
1(-) Methionine ' 62 8.4
2:4:6-Trinitrophenetole 63 79
Alpha Te.Ne.T. 64 8ed
Beta TelNeTe - 65 7o
Gammsa TeNeTe 66 7¢6
Picric Acid o 67 4.5
2:4:63~-Trinitrophenetole 68 B3¢ 5

In order to determine the effect of alkali on the
absorption curves of tetryl,,two‘solutions of concentration
M/10,000 were made up, their pH measured, and they were then left
at 37.5°C for fourteen days in absence of light, before their
gbsorption curves were measureds -

It was decided to uncrease the range of amino-acids
by addi@ion of glutamic acid, and further, to include irradiated
alpha Te.N.T. among‘the nitro-compound examingéd. As before, the
following expefiments were set up in 100mle. conical flasks, pre-
viously cleaned with chromic acid, and fitted with corks covered
with fin foil. The solutions were made up exactly as in the pre-

vious range of experimentse.
Solution No.

I. 1(-) Glutemic Acid -Tetryl 69
» N-Methylpicramide 70
Picramide 71
2:4:6-Trinitrophenetole 72

II. Alpha TeNoTe Irrad. 7‘1 L Glutamic Acid 73 .
"1(-) Cystine 74
1(~) Tyrosine 75
1(~) Methionine .76
1(-) Arginine lMono HC1 77
1(-) Lysine " " 78
1(-) Histidine " " 79
1(-) Tryptophane 80
Egg Albumin 81
III. Controls - Alpha T<¢N.T. 82
Glutamic Acid 83

Alpha T.N.T. pH=amino-scid HCL solns.84
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The absorption cufve of 2:4-dinitro-5-mete-cresol was ex-
amined, in order to find whether gammsa T.N.T. was esble to com-
bine with amino-acids, or whether it simply hydrolysed to give
2:4-dinitro-5-meta-cresol.

Discussion. In all the experiments described, control
solutions were set up, under exactly similar conditions as the
other solutiong, so that any changes in the components of each
solution, other than that produced by their interaction, could
be determined.

Three effects, other than & condensation of nitro-
compound with amino-acid or protein are possible:-
(a) Denaturatioﬁ of proteins, in this case crystallised egg
albumin.
(b) Hydrolysis of the nitro-compound, either in neutral or in
mildly alkaline conditiéns.
(¢) Formation of an addition compound between the nitrq—
vccmpound and the smino-acid or protein. 4 ‘ -

In the first case, it is known that denaturation of

crystallised egg albumin does not produce a chamge in the
ebsorption ‘spectrﬁm of that compound, so that production of
selective sbsorption will indicate & condensation if cases ¢b)
and (ec) are'éxcluded.

In case (b) it is known that beta and gammé TeloeTe
are easily hydrolysed to give 2:4-dinitro-%-meta-cresol, and
2:4-dinitro-6-meta~cresol, and these compounds have selective
egbsorption, e.ge see sbsorption curve of 2:4-dinitro-5-meta-
cresol on page88he It Waé found that these campounds did in

fact hydrolyse during the conditions of the experiments
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described, but the control solutions obviated the assumption of
condensation compounds being formed. I.G. Holden (pri#ate com-
munication) has shown that tha action of aqueous sodium bicarb-
onate on a&lcoholic tetryl solution gives & mixture of picric'
-acid, 2:4-dinitro-6-ethoxyphenylmethylnitramine, and 2:6-di-
nitro-4-ethoxyphenylmethylnitremine. Although the pH measure-
ments indicated that the solutions,in all the experiments
described , are either approximatedy neutral or on the acid
side, it was decided to investigate the action of dilute alkali
on the absorption curve of tetryl. It was found that when two
tetryl solutions /10,000 of pH 9.1 and 8.2 were left for four-
teen days at 37.5°C, the solution of pH 9.1 had an absorption
curve exhibiting selective absorption ( max.\ 3480A. ¢ = 10,400
with slight inflexion 4000A.), but the sdlution pH 8.2 still
exhibited only general absorption. All the tetryl solutions
exémined had in fact a pH lower then pH 7.5 so that this com-
plicating factor is, therefore, excluded.

With regard to case C, Re.C. Jones and M.Be. Neuworth
( J. Amer. chem. Soc. 66, 1497, 99, -1944-) have fouhd that the
ultra-violet absorption spectra of hydrocarbon g-trinitrobenzene
addition complexes, have at concentrations lomsmolar in methyl
alcohol solution, extinction values which are at all wave-
lengths, the sum of the absorption of the hydrocarbons and s-
trinitrobenzene. Similarly, R.F. Hunter, A.ls Qureishy, and R.
Samuel ( J. chem. Soc. 1576, -1936-) have found that the
absorptioﬁ curves of the addition complexes, m—-dinitrobenzene~

alpha-naphthylamine, picric acid-naphthalene, are equivalent to

a superposition of the curves of the first compound on those of
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the seconde. We see then, that‘addition compounds can be excluded
as possible products of the interaction of nitro-compounds and
amino-acids, when the change in the absbrption curve of the
solution is pronounced.

To determine whether the absorption curve of a solution
containing two compounds is due to a mixture of these compounds,

or to a new compound, when the concentrations of the two
I,

substances are Qifferent we must observe the value‘of log 1
at a number of wavelengths, for each component, and for the
final solution. For example, if log %°at 2760A for tyrosine
(M/2000 and 2cm. tube ) is 'a', and log JI‘:"for picramide (M,/2000
and 2cme tube) is 'b', then a simple mixture of these two
solutions (2cme. tube) will have at 2760A. a value of log %e

= 'a + b'. In many cases, simple inspection will show whether

a new compound is formed, or simply a mixture of the components
present.

The absorpfion curves of the solutions examined are
in all cases shown graphically, but in a few cases only,the
solutione numbers are shown on the graphs. The solutions,
however, can easily be identified by reference to the text.

| The results obtained may be summarised as follows:-
(1) Condensation compounds are formed from tetryl and crystal-
lised egg albumin, 1(-) cystine, 1(-) tyrosine, 1(-) arginine,
(Solution 1), and 1(-) lysine (solution 2), but not with 1(-)
histidine, 1(-) methionine, 1(-) tryptophane (solutions 3-5)
or 1(-) glutamic acid (solution 69).

(2) Picramide does not appear to form a condensation compound

with 1(~) arginine, 1(-) lysine, 1(-) histidine, 1(~) methionine
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1(1% ?Pyptoph&ne (solutions 11-15), 1(-) cystine, 1(-)tyrosine
orkgzﬁtamic acid (solution 71) but does form a compound with
c£§stallised egg albumin.

(3) H-Methylpicramide does not appear to react with eny of the
protein, or amino-acids given under paragraph (2), but the
identification of a condensation compound is rendered difficult
by the fact that the absorption curvee of N-methylpicramide is
very similar indeed to the absorption curves of condensation
compounds obtained with other nitro-compoundse.

(4) Picryl chloride forms compounds with crystallised egg
albumin, 1(-) cystine, 1(-) tyrosine; 1(-) arginine, 1(-) lysine,
1(-) histidine, 1(-) methionine, 1(-) tryptophane (solutions 6-
10). '

, (5) 2:4:6-Trinitro§henetole forms condensation compounds with
1(-) cystine, 1(-) arginine, 1(-) lysine (solutions 21, 24,& 26)
but not with 1(-) tyrosine, 1(-)histidine, 1(-) tryptophane,
1(~) methionine, and crystallised egg albumin(Solutions 22, 23,
25, 27 and 28). In theclast five, 2:4:6-trinitrophenetole
simply hydrolyses to picric acid, the absorption curve showing
this quite clearly.

(6) Alpha T.N.T. and alpha T.N.T. irradisted do not react with
the amino-acids examined.

(7) Beta TeN.T. was found to hydrolyse to 2:4-dinitro-3-meta-
cresol,the absorption curves in all cases agreeing with that
founft for the control solution of beta T.N.T. (Solutions 37-44).
(8) Gamma T.N.T. appears to react with 1(-) cystine (solution 45)

1(-) histidine (solution 47), and 1(-) tryptophane (solution 49).
There appears to be no.reaction with the others
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There appears to be no reaction with the others, since with
1(-) arginine (solution 48) and 1(-) lysine (solution 50) the
absorption curve obtained id8 equivalent to that for 2:4-dinitro
-5-meta-cresol, and for 1(-) tyrosine (solution 46), 1(-)
methionine, and egg albumin, it is equivalent to that found for
the control solution. ‘

(9) Picric acid does not form picrates with 1(-) cystine,

1(-) arginine, 1(-) methionine, crystéllised egg albumin, or
1(-) lysine, (solutions 53-57 ).

(10) The absorption curves of NN-dimethylpicremide, and
NN-dimethylpicramide-picryl chloéide addition complex, shown on
page22i, confirm that addition compounds exhibit sbsorption
curves, which can be predicted from the sum of the component
curvess

(11) It was found that ultra-violet irradiation, in presence

of hydrogen peroxide, or in presence of oxygen passed through
the solutions, did not markedly influence the interactions of
N;methy1pic;amide with amino-acids. The change in the absorp- ;
tion curve of 1(-~) tyrosine obtained during these experiments
"can be attributed to the formation off ultra-violet irradiation, ;
of 1-5:4¥dihydroxyphenylalanine. This has been established by §
L.F. Arnow ( J. Biol. Chem. 120, 151-153, -1937-).

(12) It was found that a definite time was required for the
formation of condensation cbmpounds mentionéd in the above
paragraphs. For example, no change was obtained by boiling

a solution of nitro-compound and amino-acid under reflux for

fifteen minutes. It will be observed from the graphical results,
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that the following solutions show an increased intensity of
absorption and, therefore, incresed reaction with increase in
time, and, in fact, from the experience of these earlier
experiments, the time of interaction for the later experiments

was increased to fourteen days.

Picryl chloride - 1(-) cystine 9% days and 2 days (p.88c)
Tetryl - 1(=) cystine | 9 " "5 M (p.88c)
Tetryl - 1(-) tyrosine 9t »* * 5 " (P.88b)
Picryl chloride - 1(-) tyrosine 9f v " 5 " (p.gsf)

(13) All the condensation reactions obtained took place at an
approximately neutral pH, but it was found (p.88g that inter-
action between picryk chloride and egg albumin also took
place at pH 11.7 .

We have thus established, from the ultra-violet
absorption gpectrophotometric measurements, that‘tetryl. 2:4:6-
trinitrophenetole, picryl chloride, gamma T.N¢T., picramide,
and possibly N-methylpicramide, are capabie of reacting with
some or all of the amino-acids present in human skin, undér
cohditions equivalent to those prevailing in the skin of the
average human being. It must be borne in mind, that all of the
peculiar groups of proteins may be more reactive in vivo than
in vitro, particularly in presence of enzymes, so that inter-
action of amino-zcids and abomatic nitro-compounds may be mod-
| ified, or even increaded in the presence of living tissue.

The mechanism of the reaction with gamma TeN.Te. is

. probably similar to that postulated by G. Barger and F. Tutin

(Biochem. J. 12, 402, -1918-) . They state that the beta end



gamnma isomerides of T.N.T. condense with amino-acids on boiling
in dilute alcoholic solution, the amino-acid becomes attached
to the benzene ring by its amino group, in replacement of a
reactive meta nitro group, which is eliminated. They obtained
the condensation product of gamma TeNe.T. with beta alanine, in
the form of bright yellow needles, melting at 166°, which
crystallise from hot waber, or dilute aicohol.

With respect to the interaction of tetryl, picryl
chloride, and 2:4:6-trinitrophenetole with amino-acids, exam-
ination of the form of the absorption curves of the following
solutions is desirable. ' PAGE.
Solution 6 Picryl chloride -1(=) arginine.,....;...,..88e.

" 7 " " =1(=) 1ySiN€ececscscsssceesB8ee
" 201 2:4:6-Trinitrophenetole- 1(-) cystines.....88d.
"oogg w % _ 1(-) arginine.....88d

u 26 :" " - l(-) 1ysine. seoeaeeB838de

Piéryl chloride - Egg albumin DPH GeDeceesesB88as
Solution 8 " o - 1(~) histidinescecseecess.88%,
" 10 " " - 1(~) tryptophane:esesss.e88&
" M~ 1(=) tyroSinessesesseoess88F
f o 1(=) cystineseescecesssss88ce
Tetryl - Egg albuninescescscceccccccecceeeee88ce
" - 1(=) cystine eeesssseccessescsccssa88Ce
Now P. van Ramburgh and A.D. Maurenbrecher (Proc. K.
Akad. Wettensch. Amsterdam, 9, 704-706, -1907-) showedcthat
tetryl reacted with amines to give picryl ehleride derivatives

of the amines, and that methylnitramine was formed at the same
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time. This work was followed up by TeCe James, J.Ilelle Jones,
and ReI. Lewis (J. chem. Soc. 1273, -1920-) who studied the
action of amines on tetryl and found that addition compounds
were first formed, which subsequently condensed to give picryl
derivatives; they were unéble to isolate any methyl nitramine.
Examination of the absorption curves of the solutions
mentioned, shows that they have strong selective absorption,
wuth a ﬁaximum in the same position as that of N-methylpicramide
and an inflexionin the region of 4100A., resembling that exhibit-
ed by N-methylpicremide. The ratio of the extinction coefficients
'for inflexion - maximum, is different in the condensation
products and in N-methylpicramide.
Examination of the reaction between tetryl, picryl
chloride, 2:4:6-trinitrophenetole, with, for example, 1(-)

methionine, indicates that we have the following reactions

possible.
cHy NO
~ N/ a C.'H';,
: s
on No, o

Condensation Compound.
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The similarity of this compound with N-methylpicramide
would be expected to give it an absorption curve similar to
N~methylpicramide, but differing in theAratio of its two bands,
these bands merging, as in N-methylpicramide to give an inflex-
ion in the region 4100A.

In support of this theory we might quote the results of
K. Fersud, M.S. Dunn, end J. Kaplan (J. Biol. Chem. 112, 323,
-1935-3} 114, 665, -1936-) , who find that the absorption curves
of phenylalanine, tyrosine, and tryptophane, respectively,
closely resemble those of benzene, phenol, and indole, these
pairs of compounds resembling N-methylpicramide and the condens-
ation products, in that one has a longer chain than the other ,
the chain being composed of insulating -CH, groups.

dl-Phenyl Benzene. 1(-) Tyrosine. Phenol. 1(~)Trypt Indole.

Alanine. K ophanee.
B A CA A N A
2675 2685 2820 2760 2894 2873
2643 2645 2760 2690 2804 2790
2576 2605 2680 2625 2710
2525 2545 |
. 2462 2480
2410 2420
2350 2380
2330

- The results obtained in these investigations are
particularly important in directing attention to those nitro-
compounds, which are most likely to condense with amino-acids,
and it is-possible that they may lead to ﬁhe synthesis of these

condensation campounds in appreciable quantities, and in good
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crystalline forme
One aspect of the problem, which remains, is concerned

with the treatment of dermatitis. With the object of‘detenmin-

ing whether ultra-violet irradiation would have the effect of
breaking down the antigen formed with picryl chloride and
1(-) cystine, a solution was irradisted with ultra-violet rays
for twenty minutes. Phe results shown on page88j, show that the
ultra-violet treatment may have a beneficial effect on the
" patient, and that it would be advisable to continue practical

experiments in this direction.
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Supgestions for Further Worke.

There are a number of lines of investigation still to be
considered, and it is thought that these would make the work
already described more complete.

(1) The correlation of the absorption curves of aromaﬁié nitro~
campounds with their electronic structures might be extended to
a range of compounds wider than that aiready described.

(2) The identification of the ultra-violet irradiation product
of 2:4:6-trinitrophenetole could be approached in a manner
similar to the identification of N-methylpicramide as the irrad- -
iation product of tetryl.

(5) The effect of the enzymes present in human tissues on the
interaction of amino-acids with aromatic nitro-compounds has
yet to be determined. Other factors in these reactions, still

to be considered, are the effects of tissue fluid and of the
fluids from the sweat and sebaceous glands.

(4) Absorption spectra measuréments have already shown that
condensation compounds are formed from the interaction of
certain amino-acids with nitro-cmmpounds,and it would be desirable
to attempt the synthesis of fhese compounds, and to compare
their uitra—violet gbsorption curves with those already obtained.
(5) Infra-red and Raman spectra measurements would provide

interesting evidence for the structures of the condensation

compounds already mentionede.
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