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The Spectra of Some Diaminotriphenylmethane Dyes in Concentrated Sulfuric Acid 

BY GERALD E. K. BRANCH AND BERT M. TOLBERT 

A diaminotriphenykarbinol has three basic 
structures, namely, the two amino groups and the 
triphenylcarbinol structure. Under sufficiently 
acidic conditions it should neutralize three equiva
lents of acid. The final product would be a di-

. substituted triphenylmethyl ion. The, substitu-
ent radicals are aminium not amino groups. The 
aminium group is not an auxochrome, and hence 
the third ion of the dye should not absorb light of 
long wave lengths. Triphenylmethyl ion absorbs 
very little light at wave lengths longer than 450 
rap.. 

However Hill, Branch and Patapoff' observed a 
band at 678 mix in the spectrum of viridine green 
(II) in concentrated sulfuric acid. This band 
could belong to neither the first nor the second ion, 
for under less acidic conditions the first ion is en
tirely converted to the second ion, whose longest 
band has its maximum at 495 m î. Nor can one 
believe that a simple derivative of triphenyl
methyl ion could have a strong absorption band 
with a maximum at 678 m,u. The authors of the 
above mentioned paper suggested that the band at 
678 m/x was due to an intermediate product in the 
sulfonation of the dye, for on standing the band 
at 678 m/x was replaced by another at 580 m^. 

For further study of this phenomenon, the spec
tra of several diaminotriphenylmethane dyes were 
measured in a mixture of two volumes of acetic 
acid and ninety-eight volumes of concentrated sul
furic acid (d. 1.84 g./ml.). The spectra were 
measured immediately after making up the solu
tions, and after the solutions had stood twenty-six 
days at room temperature. In general the spectra 
changed on standing. No attempts were made to 
measure the rates and extents of these changes. 

The formation of an ion of the dye, or an addi
tion of sulfuric acid to the dye would be reversed 
when a solution in sulfuric acid is diluted with ace
tic acid. Sulfonation and decompositions would 
not be reversed. To study the nature of the ir
reversible changes, solutions in concentrated sul
furic acid were allowed to stand for a week, diluted 
with acetic acid, and their spectra compared with 
those of freshly prepared solutions in the same 
mixture of sulfuric acid and acetic acid. Gener
ally sulfonation does not produce a large change in 
the spectra of the first and second ions of these 
dyes, but it must greatly reduce the basicity of the 
dye. When the spectra of a dye and its sulfona
tion derivative are measured at an acidity at which 
either the dye or the derivative exists as a mixture 
of first and second ions, the ratio of absorption by 
the first ion to that by the second ion is greater for 
the derivative than for the parent dye, and the two 
spectra differ markedly, and in an expected way. 

(1) Hill, Branch and PatapoS, THIS JOURNAL, 67, 545 (1945). 

We think that the most illuminating results we 
obtained were those with malachite green (I), 
viridine green (II) and the N,N-dimethyl deriva
tive of viridine green (III). The formulas of these 
dyes as their second ions are shown below 

(CH,) ,NH—<^ ^ - C = < ^ = = = > > = N ( C H , ) , 

CeHs 
I 

C 6 H 5 N H 2 - ^ ^ > — C = < ^ = = = ^ > = N H C . H S 

CeHs 
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C e H t C H 1 N H - ( ^ ^ > — C = < ^ = = ^ > = N C H 2 C t H i 
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The results obtained with I were in sharp con
trast with those obtained with II and III. We 
shall first describe and discuss the results with 
these three dyes, treating II and III as a unit. 
We shall then present and briefly discuss the spec
tra of five other dyes. 

Malachite Green (I).—The spectrum of mala
chite green in concentrated sulfuric acid is shown 
in Fig. 1. This spectrum changed in no detectable 
way after standing for twenty-six days at room 
temperature. When a solution in concentrated 
sulfuric acid was allowed to stand for a week, and 
then diluted with acetic acid, the molecular ex
tinction coefficients were, within experimental 
error, the same as those of a freshly prepared solu
tion of (I) in the same solvent over the entire 
range of wave lengths measured (700 mix to 300 
mix). Apparently no sulfonation or other irrevers
ible reaction occurred. 

The spectrum of malachite green in concen
trated sulfuric acid is very similar to that of tri
phenylmethyl ion, and quite unlike that of the 
second ion of malachite green. This can be seen 
from the following comparison of the spectral 
data: For malachite green in concentrated sul
furic acid, X1 = 434 m/x, n = 3.2 X 104, X2 = 388 
m/x, «2 = 2.7 X 104, X3 = 288 mix, e3 = 2.3 X 103; 
for triphenylmethyl ion,2 Xi = 431 m/t, t\ = 4 X 
104, X2 = 404 mix, e2 = 4 X 104, X3 = 289 m/x, e3 = 
2 X 103; for the second ion of malachite green,3 

X1 = 450 m/x, S1 = 3.0 X 104, X2 = 322 mix, «2 = 
5.5 X 103, X3 = 262 DIM, «3 = 9.5 X 103. There 
seems little doubt that in concentrated sulfuric 
acid malachite green changes to an ion very simi
lar to triphenylmethyl ion. The formula of this 
ion is IV. 

(2) Orndorf, Gibbs, McNulty and Shapiro, ibid., 4.9, 154S 
(1927). 

(3) Tolbert and Branch, ibid.. 69, 10S3 (1947). 
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(CH 3 ) 2 NH—<fj \—£—<f^V- NH(CHa)2 

CeHs 
IV 

In Fig. 1 the spectrum is not shown further to
ward the red than 560 m/x. The measurements 
were made beyond 700 m/x, but there was no ab
sorption in this region. Malachite green does not 
show the phenomenon observed by Hill, Branch 
and Patapoff with viridine green. 
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Fig. 1.—Spectrum of malachite green (I) in concentrated 
sulfuric acid. 

Viridine Green and its Dimethyl Derivative.— 
The spectra of freshly prepared concentrated 
sulfuric acid solutions of II and III are shown in 
Fig. 2. The data for these spectra are Xi = 677 
m/x, C1 = 1.9 X 104, X2 = 512 m/x, e2 = 2.1 X 104, 
X3 = 349 m/x, e3 = 1.1 X 104, X4 = 269 m/i, e4 = 
1.3 X 104 for II, and Xi = 710 nut, ei = 2.25 X 
104, X2 = 485 m/x, «2 = 2.3 X 104, X3 = 270 nut, 
e3 = 1.3 X 104 with shoulders in the neighbor
hoods of 580 m/x, 450 mtt, and 350 m/x for III . 
The data for the second ions of these dyes are 
Xi = 495 mix, «i = 2.5 X 104, X2 = 350 mxx, e2 = 
1.3 X 104, X3 = 266 mix, e3 = 1.95 X 104 for II, 
and X1 = 485 imx, d = 3.2 X 104, X2 = 330 m/x, 
e2 = 8.6 X 103, X3 = 270 m/x, e3 = 1.3 X 104 for 
III . The spectra in concentrated sulfuric acid 
are evidently those of the second ions with the 
spectra of other molecular species of the dyes 
superimposed on them. In both cases the new 

species have strong absorption bands in the neigh
borhood of 700 mix. 

v X 10-», cm.- 1 . 
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Fig. 2.—Spectra of dyes I I , I I I and VIII in concentrated 
sulfuric acid: — dye I I , dye I I I , dye VIII . 

When solutions of II and III in concentrated 
sulfuric acid were allowed to stand and then di
luted with acetic acid, the spectra of the resulting 
solutions were typical of first ions of diaminotri-
phenylmethane dyes, though at the same concen
tration of sulfuric acid the spectra of the parent 
dyes were those of mixtures of the first and second 
ions. This is illustrated in Fig. 3 for the case of 
II, at two volume per cent, of sulfuric acid. This 
is shown by the following data. For the first ion 
of II, Xx = 637 m/x, ex = 4.7 X 104, Xy = 447 mix, 
ey = 1.3 X 104. With two per cent, of sulfuric 
acid Xx = 638 m/x, ex = 2.9 X 104, and there was 
absorption covering the regions of the x-band of 
the second ion (X = 495 m/i) and the y-band of the 
first ion (X = 447 m/x). At this acidity an appre
ciable amount of the parent dye was converted to 
its second ion. But when II was allowed to stand 
for a week in concentrated sulfuric, the spectral 
data for the solution after it had been diluted to 
two per cent, sulfuric acid was Xx = 630 mix, ex = 
4.4 X 104, Xy = 454 m/x, ey = 1.6 X 104. This 
spectrum is very similar to that of the first ion of 
II. The irreversible change produced on standing 
in sulfuric acid was one that produces only small 
changes in the spectrum, but markedly decreases 
the basicity of the first ion. Evidently the irrever
sible reaction was sulfonation of benzene rings. 

18 
v X 10-3 , cm." ' . 
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Fig. 3.—Spectra of dye II in acetic acid with 2% of 
sulfuric acid, before and after standing in concentrated 
sulfuric acid for a week: — after, before. 

The spectrum of a freshly prepared solution of 
III in concentrated sulfuric had two regions of 
strong absorption. One of these was in the 
neighborhood of 700 m^, and the other in the 
neighborhood of 500 m/x. The latter was due 
chiefly to the second ion, the former to a new spe
cies. The absorptions in the two regions were 
approximately equal. When the solution was 
allowed to stand the absorption in the neighbor
hood of 500 mju grew at the expense of that at 700 
m//. During this period sulfonation of benzene 
rings occurred. Evidently sulfonation reduces the 
conversion of second ions to forms that absorb 
in the neighborhood of 700 my. This suggests 
that the forms absorbing at 700 ran are higher 
ions, and that their disappearance is due to the re
duction of basicity normally resulting from sulfo
nation. 

The spectrum of II in concentrated sulfuric acid 
changed in a quite different way on standing. 
This change is shown in Fig. 4. The spectrum was 
measured after twenty-six days, but visual ob
servation showed that the change was nearly com
plete in a day. The chief feature of the spectrum 
after standing is a strong band with X = 580 m/x, 
and f = 3.1 X 104. The same phenomenon was 
observed by Hill, Branch and Patapoff.1 

To whatever compound the absorption at 580 
m î was due, it was evidently formed in good yield, 
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Fig. 4.—Spectra of dye II in concentrated sulfuric acid 
before and after standing for twenty-six days: — before, 

after. 

but was entirely destroyed when the solution was 
diluted with acetic acid. 

The chief difference between II and III is that 
II is a secondary amine while III is a tertiary 
amine. The difference observed in the spectra of 
the two dyes on standing is best explained as due 
to N-sulfonation. This reaction could occur with 
the secondary amine II, but not with the tertiary 
amine III . However there is no reason to believe 
that the second ion of any sulfonated product of 
II can have a band with Xmax as great as 580 m/i. 
Sulfonation at the nitrogen atoms would greatly 
reduce the basicity of the dye, and hence could 
cause the reversion of the second ion to a first ion 
even in concentrated sulfuric acid. That Xx for 
the first ion of the N-sulfonated dye should be 
markedly smaller than that for the parent dye is 
to be expected. The value of Xx for the first ion 
of the N,N-diacetyl derivative of II is 539 mpi. 

The acetyl groups are easily removed from the 
N-acetyl derivatives of II by hydrolysis in acid 
solution. By analogy one would expect that sul
fonic acid groups are easily removed from N-sul-
fonic acid derivatives of II, by the lytic action of 
acetic acid. I t is therefore not surprising that the 
band at 580 ran disappeared when the solution was 
diluted. That C- as well as N-sulfonation oc
curred was shown by the spectrum of the diluted 
solution. 
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The value of the Xmax of a diaminotriphenyl-
methane dye alternately increases and decreases 
by 100-200 mn as protons are removed from or 
added to the nitrogen atoms, the greater Xmax 
values occurring when the two nitrogen atoms 
have similar basicities. This alternation does not 
normally continue after the second ion has been 
reached, for on the next step both nitrogen atoms 
become neutralized by protons, thus insulating 
them from the chromophore and reducing Xmax. 
When as in II and III the alternation continues 
beyond the second ion, one might suppose that the 
amino groups have lost basicity, and the second 
ion has reverted to a first ion in spite of the in
crease in the acidity. But so great a reduction of 
the basicity of the amino groups would have a 
strong hypsochromic effect, and consequently such 
an explanation is not a valid explanation of the 
bands observed in the neighborhood of 700 m^, for 
the first ions of the parent dyes have Xmax values 
a little smaller than 640 vajx. It would appear 
therefore that the acid reacts to form a third ion 
in which the terminal rings extend the chromo-
phoric conjugated system beyond the triphenyl-
methyl structure. 

To assume that the band near 700 m.n is due to 
an addition of the acid to the r electrons of a ring 
as a whole is begging the question. There is no 
known reason why such an addition should be 
strongly bathochromic. We shall assume an addi
tion of the acid to a particular atom. For such an 
assumption to be acceptable it is necessary that 
the carbonium ion charge of the product should 
have a greater linear range of location than is 
found in triphenylmethyl ion in which the linear 
range for the charge is from the para position of 
one ring to the para position of another ring (9 
atoms). Otherwise Xmax would not be much 
greater than it is in triphenylmethyl ion (430 m^t). 
Further it is also necessary that the carbonium ion 
charge of the addition product shall be locatable at 
more atoms than it is in triphenylmethyl ion (10 
atoms). Otherwise, since the product has fewer 
benzenoidal rings than its type IV tautomer, and 
is for that reason very unstable with respect to its 
tautomer, it could not exist in appreciable quanti
ties without the compensating factor of greater 
resonance of the charge. 

We shall consider only the three product whose 
formulas are shown below. Other possibilities 
either could not absorb in the 700 m/j region, or 
are not acceptable for the same reasons that lead 
us to reject VII. In the formulas the added acid 
is represented by an H, and R is a methyl group 
when the parent dye is III, and a hydrogen atom 
when the parent dye is II. 

In VII, the charge may vibrate over thirteen 
atoms, and consequently such a product might ac
count for the high value of Xmax- But there are 
only ten locations for the charge in VII, and these 
do not include the favored central carbon atom, 
but do include an already positively charged nitro

gen atom. Consequently VII must be rejected 
as being too unstable with respect to its type-IV 
tautomer. One cannot assume that the equilib
rium between VII and IV is not achieved, for the 
formation of the addition product is a rapid re
versible reaction, and a type-IV compound is 
formed rapidly and reversibly from malachite 
green. 

The charge of V or VI vibrates linearly over 13 
atoms. In V the number is 15 if the atoms are 
counted round the terminal ring. In VI there is 
the additional bathochromic factor of a branched 
system of double bonds in the terminal ring. If 
these carbonium ions are treated by the same rules 
as the cyanines, Xmax of V or VI should be between 
200 and 300 mju, greater than Xmax of triphenyl
methyl ion. That IS, Amax should be between 650 
and 750 m/x. Both V and VI have thirteen lo
cations for the charge, including the favored lo
cation on the central carbon atom. It is therefore 
possible that V and VI are stable with respect to 
their type IV tautomers. Since we have no pref
erence between structures V and VI, we shall use 
V to mean V and/or VI. 

Other Phenylated Dyes.—Experiments similar 
to those already described were done with some 
other phenylated diaminotriphenylmethane dyes. 
We shall use formula numbers instead of the com
plicated names to indicate these dyes. The for
mulas of the second ions are given below 

H2N-

(CH3)SNH 

( C H j ) 8 N H - < ^ ~ ~ ^ > — C = K ^ )>=-N(C«H6)3 

C»H» 
X 
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CeHj 
XI 

( C H s ^ N H ^ ' ^ > — C = ^ = = = ) > = N H C « H , i 

CeHs 
X I I 

The change of the spectrum on ageing the solu
tions in concentrated sulfuric acid was not investi
gated for VIII and IX. The results obtained 
with X (Fig. 5) were inconclusive. The first ion 
of this dye is so weakly basic that in a 50-50 mix
ture of acetic and sulfuric acids there was no sign 
of the second ion. Hence there is a probability 
that the first ion was present in the sulfuric acid 
solution, which contained a considerable amount 
of the second ion. The x-bands of the first ions 
of II and III are greatly affected by the presence 
of the second ion. Although the absorption by 
X at long wave lengths was greatly changed in 
going from fifty per cent, to ninety-eight per cent, 
sulfuric acid, one cannot say whether the change 
was due to the effect of the second ion on the x-
band of the first ion, or the production of higher 
than second ions. On standing, the sulfuric acid 
solution of X lost its optical clarity, and no con
clusion could be drawn from the spectrum. 

v X 10~3, cm. - 1 . 

10 12 14 16 18 20 25 30 40 
I I 1 1 1 1 1 T - T - T - ] 1 J 1 I I 

1000 900 800 700 600 500 400 300 
X, m^. 

Fig. 5.—Spectra of dye X in a fifty-fifty mixture of 
acetic and sulfuric acids, and in concentrated sulfuric acid: 
— in concentrated sulfuric acid, - — in fifty-fifty mix
ture. 

The spectra observed for IX and Xl indicated 
the presence of nothing but the second ions. The 
spectrum of IX in concentrated sulfuric acid was 
an exact replica of that shown for the second ion 
in reference 3. A shift of the bands toward the 
red was observed in XI. This is presumably a 
solvent effect. The spectral data for XI in sul
furic acid (Fig. 6) are X1 = 538 mn, «i = 3.7 X 104; 
X2 = 355 m/*, e2 = 1.1 X 104; X3 = 270 mn, e3 = 
1.3 X 104. The data in ten per cent, sulfuric acid 

are X1 = 515 rmt, «i = 3.3 X 104; X8 = 343 m^, 
€2 « 1.0 X 104, X3 = 270, €3 = 1.2 X 104. 

~v X 10-«, cm."1 . 
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Fig. 6.—Spectra of dye XI in concentrated sulfuric 
acid before and after standing for twenty-six days: — be
fore, after. 

The other two dyes VIII and XII (Figs. 2 and 
7) showed the presence of type V ions. A definite 
band, Xmax = 680 vap. and e = 9 + 103, was ob
tained with VIII. A shoulder 680-700 m,u was 
obtained with XII . 

The spectra of III, VIII and XII cannot be 
accounted for by bands in the neighborhood of 
700 mju and absorption by the second ions In 
all three dyes some of this extra absorption was in 
the neighborhood of 450 m/x. This extra absorp
tion appeared as a shoulder on the x-band of the 
second ion in III, as a small band, with X = 446 
m t̂ in VIII and as the most intense band (X = 
440 m,u) in the spectrum of XII . Since the 
strengths of these absorptions are related in
versely to the intensity of the absorption by type 
V ions, presumably they are not due to type V 
ions; but to some other species, which we think is 
the type IV ion. 

Terminal aryl groups on both nitrogen atoms 
are insulated in a type IV ion, but those on only 
one of the nitrogen atoms of a second ion are insu
lated. Hence the basicity of the second ion de
pends chiefly on the terminal groups on one nitro
gen atom. Hence the relative basicities of the 
second ions should be correlated to the relative 
basicities of the less basic of the pair of amines out 
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Fig. 7.—Spectra of dye XII in concentrated sulfuric 
acid before and after standing for twenty-six days: — be
fore, after. 

of which the dye is made, the terminal groups from 
the more basic amine being insulated by the addi
tion of the proton to form the second ion from the 
first. To obtain a type V ion one terminal aryl 
group is necessary. Other terminal aryl groups 
are either insulated or have only a small inter
action with the rest of the molecule. Hence extra 
aryl groups or resonance either should have only a 
small effect on the amount of type V ion, or if lo
cated on the already phenylated nitrogen atom 
should reduce the conversion of the second ion to 
the type V ion. 

Assuming that the relative intensities of the 
bands roughly mirror the relative concentrations 
of the three species the above deductions were to 
some extent confirmed by the experiments. Thus 
the second ion of I, which is derived from di-
methylaniline, was completely neutralized, the 
second ions of VIII, IX and XI, which are derived 
in part or in Mo from the very weakly basic 
amines, triphenylamine and carbazole, were the 
least affected by sulfuric acid, and II, III and XIII 
were of intermediate basicity. However, the 
agreement between deduction and experiment was 
far from perfect. The insulated aryl group has 
the effect of stabilizing the type V ion. Thus the 
type V ion was abundant in II and III, but only a 
trace was present in XII . The type V ion of VII 
was found, but at the same acidity no type V ion 

600 500 
X, niju. 

Fig. 8.—Spectra of dye XI in acetic acid with 2% 
sulfuric acid, before and after standing in concentrated 
sulfuric acid for a week: — before, after. 

was observed in IX. Apparently the insulation is 
not complete. Tolbert and Branch3 found batho-
chromic effects on the x-bands of the second ions 
leaking through the insulation. 

The main thesis of this article is that the bands 
observed in the neighborhood of 700 m/x could have 
been due to a third ion that is tautomeric with the 
type IV ion, and derivable from it by a tautomeric 
shift of a proton from a nitrogen atom to an ortho 
or para position of a terminal aryl group. The 
arguments for this conclusion apply equally to a 
shift of this type from both nitrogen atoms. 
Against this double shift it can be argued that the 
band in the red was also found in the sulfuric acid 
solution of XII, which has only one terminal aryl 
group, and that calculation of Xmax of the product 
of a double shift, by methods used to predict Xmax 
values in cyanines, gives too large a value. 
Neither of these arguments is conclusive. The ab
sorption in the red observed in XII was so small 
that it could have been due to an impurity with 
terminal groups on both nitrogen atoms. The 
amount needed would be too small to detect by 
analysis, or in the spectra of the first and second 
ions. Such an impurity could have been formed 
by disproportionation. Indeed Tolbert and 
Branch actually separated from the crude prepa
ration of some of these dyes small amounts of dyes 
with spectra characteristic of triaminotriphenyl-
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methane dyes. Although there is little doubt that 
structures like V represent oscillators very similar 
to the cyanines, it is not known that the constant 
for the increase of Xmax with the number of inter
polated double bonds would be the same as that 
found in cyanines. Were this constant half of 
what it is in the cyanines, the observed Xmax would 
indicate the double shift. 

With the exception of I, in all solutions in sul
furic acid that had stood, absorption due to third 
ions diminished. On dilution, such solutions, 
again with the exception of I, gave spectra that 
were characteristic of a diaminotriphenylmethane 
dye, but of one whose first ion was less basic than 
the first ion of the corresponding parent dye. It 
is natural that sulfonation should decrease the 
basicities of both first and second ions. 

On standing, the spectra of XI changed very 
little (Fig. 6). That it had sulfonated was shown 
by the spectrum after dilution (Fig. 8). This 
spectrum was chiefly that of a first ion as can be 
seen from the bands in the far ultraviolet. How
ever the main band comes at a wave length that 
is short for a phenylated dye. In dye XI the 
two amino groups are sufficiently different in 
basicities for the Brooker effect to be appreciable, 
on sulfonation of the terminal phenyl groups the 
difference of basicities of the two amino groups is 
increased, and the hypsochromic Brooker effect 
becomes accentuated. The appearance of the 
spectrum showed that there was a mixture in the 
solution as would be expected, since sulfonation 
would have reached different degrees in different 
molecules. Some second ions were probably 
present, but their bands were obscured by those of 
the first ions. 

Experimental 
The spectra were measured with a Beckman 

spectrophotometer. The experimental details 
and the materials were all the same as those de
scribed or given by reference in the author's paper 
on the spectra of the second ions.3 One detail 
should be repeated because of its special impor
tance in this work. The mixtures of acetic and 
sulfuric acids in the comparison cell of the spectro

photometer were compounded and aged in the 
same way as the liquid in which the dye was dis
solved. This was necessary to compensate for 
absorption, especially in the ultraviolet, that de
veloped when mixtures of the two acids were aged. 
The absorption developed especially fast in mix
tures of approximately equal proportions. In 
general the method of compensating for the char
ring appears to have been successful. The great
est error would have arisen when solutions that 
were treated with concentrated sulfuric acid were 
diluted. Heating was not always avoided during 
dilution. In solutions made in this way, the spec
tra at wave lengths less than 300 m,u should be con
sidered dubious. 

Summary 
The spectra in concentrated sulfuric acid of 

malachite green and some more phenylated di
aminotriphenylmethane dyes were measured. 

The spectrum of malachite green was so similar 
to that of triphenylmethyl ion, that it was as
sumed that, in concentrated sulfuric acid, mala
chite green exists as a triply charged ion with a 
structure similar to that of triphenylmethyl ion ex
cept for two dimethylaminium ion groups at the 
p and p' positions. 

With some of the phenylated dyes bands were 
observed in the neighborhood of 700 m^. These 
bands have been attributed to the addition of a 
proton to one of the terminal benzene rings, result
ing in a carbonium ion compounded of a large 
number of mesomers, differing from each other in 
the location of the charge, and the distribution of 
the double bonds. This mesomeric ion can be 
considered as a triphenylmethyl ion in which the 
conjugate system has been extended by three more 
double bonds. Bands attributed to this type of 
ion were found mixed with bands due to the second 
ion and to ions of the simple triphenylmethyl type. 
They were prominent only when both amino 
groups were phenylated, though a small band in 
the neighborhood of 700 rn/i were found in one case 
in which only one of the amino groups was phenyl
ated. 
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