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derivatives melting at the same point. In general the
method of O’Gee and Woodburn® was superior to that of
Aspinall .8

N-Isopropyl- and N-n-butylethylenediamine were pre-
pared by the method of O’Gee except that the free amines
were dried with sodium before distillation.

N-n-propylethylenediamine was obtained by the courtesy
of Dr. H. M. Woodburn at the University of Buffalo. It
was redistilled over sodium.

The amines were fractionated through an eleven-inch
column packed with stainless steel spiral and had the follow-
ing hoiling ranges

N-Alkylethylenediamines (RNHCH:CH:NHy)
R B.p, °C.

Me 114-115
Et 125-126
i-Pr 137-138
n-Pr 152-153
n-Bu 75-77 (20 mm.)

These agree well with those reported by O’Gee and Wood-
burn b

Preparation of Solutions and Titrations.—The amines
were diluted with distilled water until they were 3 to 5
molar and then standardized against standard acid by
means of conductometric titrations. The primary standard
for all acid-base titrations was a sample of 99.96%, potas-
sium hydrogen phthalate obtained from the Bureau of Stand-
ards.

The constant ionic strength nitric acid solution containing
barium nitrate was made- by preparing a solution approxi-
mately 0.1 N in boiled nitric acid and adding reagent grade
chemicals to make the solution 0.50 M in KNO, and 0.05
M in Ba(NOs).. The nitric acid was then titrated against
standard base using phenolphthalein as the indicator.

A Beckman pH meter model G was standardized against
Beckman standard buffers at a pH of 4.00 and 9.00 before
each run. A Beckman 1190-90 glass electrode was used
which is accurate to pH’s of 11 without corrections in the
absence of sodium ion. The solutions were maintained at a
constant temperature by means of a constant temperature
bath at 25 = 0.1° and by an intimate mixture of ice and
water at 0 == 0.1°,

The titration of the standard nitric acid solution with
standard amine was accomplished by means of a microburet
capable of being read to = 0.001 ml. The hydrogen ion
was followed by means of a pH meter which could be read
to &+ 0.02 pH unit.

A sample titration at the appropriate regions of pH along
with calculated values of pKj and pK; are indicated in Table
I. One notices the good agreement of the various pX
values. In each case these values were checked by deter-
mining the respective pH’s of two separate solutions which
fall in the first dissociation constant range and in the second
dissociation constant range. The constants calculated from
these solutions agreed with those obtained from the titration
within +0.01 pX unit.

The dissociation constants at 0 and 25° along with the
heats of neutralization are summarized in Table II. A
graphic representation of these pK values is shown in Fig. 1.
Although these compounds have comparable dissociation
constants, it does appear that with the straight chain alkyls
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Fig. 1.—Dissociation constants of N-alkylethylenediamines.

() R.C.0’Geeand H. M. Woodburn, TH1S JOURNAL, 73, 1370 (1951).
(8) 8. R. Aspinall, ibid., 63, 852 (1941).
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TaBLE I
Dissoc1ATION CONSTANTS OF N-ETHYLETHYLENEDIAMINE AT
0n°
Diamine, ml. pH CEu CH pK

1.002 7.91 0.06223 0.10254 8.16
1.039 8.00 .06449 .10247 8.16
1.077 8.10 .06679 .10239 8.16
1.111 8.19 . 06886 . 10232 8.16
1.150 8.28 .07123 .10224 8.17
1.187 8.3 .07346 .10217 8.17
1.220 8.43 07545 .10210 8.17
1.252 .50 07739 .10204 8.17
1.291 8.457 07974 .10196 8.16
1.328 8 65 LDSTUT L10189 8,16

Av. 8.1t

pKa

2.050 10.50 0. 12477 0.10048 11.12
2.085 10.53 .12681 . 10041 11.11
2.120 10.55 . 12885 .10034 11.10
2.160 10,59 .13110 . 10026 11.11
2.191 10.62 .13300 . 10006 11.11
2.337 10.72 .14146 .09992 11.10
2.413 10.77 . 14585 09978 11.11
2.481 10.80 . 14976 .09965 11.10
2,594 10.85 . 15624 09944 11.10
2709 1,90 . 16282 09922 11.08

Av. 11.11

TagBLE II

DissociaTioN CONSTANTS AND IHEATS OF NEUTRALIZATION

OF N-ALKYLETHYLENEDIAMINES
RNHCH:-

CH:NH: F2:9 pK2 AH, keal.
-—~R— 0° 25° g° 25° K1 pK2
Me 8.00 7.56 10.83 10.40 — 6.55 -— 6.30
Lt 8.16 7.63 11.11 10.86 — 7.90 -— 8.20
n-Pr 8.24 7.54 11.04 10.34 -—10.4 -—10.4
#-Bu 8.11 7.53 10.93 10.30 — 8.65 — 9.40
i-Pr 830 7.70 11.15 10.62 — 8.95 — 7.90

there is a gradual change in going from methyl to butyl with
a slight maximum in the region of N-ethylethylenediamine.
It is likewise noteworthy that although one may expect a
more marked change in case of the pK; values as compared
to changes in pKj, this was not observed.

DEPARTMENT OF CHEMISTRY
NORTHWESTERN UNIVERSITY
EvansTON, ILLINOIS

Chromatographic Investigations Related to Photo~
graphic Theory. II. Adsorption of Developing
Agents and Sodium Sulfite?

By T. H. James anp W. VANSELOW
RECEIVED JANUARY 12, 1952

In a preceding paper,? the technique of elution
chromatography was used to show that the photo-
graphic developing agents, p-phenylenediamine and
hydrazine, are adsorbed by silver bromide. These
agents displaced the adsorbed dyes, phenosafranin
and 3,3’-diethyloxacarbocyanine, from the silver
bromide surface. Hydroquinone and catechol, on
the other hand, caused the dyes to be held even
more tightly, and this suggested a codperative ad-
sorption of the negatively-charged developing agent

(1) Communication No, 1473 from the Kodak Research Labora-

tories.
(2) T.H. Jamesand W. Vanselow, THIS JournaL, T3, 5617 (1951),
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and the positively-charged dye. In these experi-
ments, therefore, no evidence was obtained that
hydroquinone or catechol is adsorbed by silver
bromide in the absence of the positively-charged
dye molecules.

The investigation has now been extended to in-
clude dyes which do not have a positive charge and
hence would not attract the negatively-charged de-
veloper ions. The results obtained show that hy-
droquinone, catechol and hydroxylamine displace
some adsorbed dyes from the silver bromide surface
and hence must themselves become adsorbed by
that surface.

Experimental Procedure

Tle preparation of the silver bromide columns and the
general techuique of charging and developing the columns
were the same as those described in the preceding paper.
The length of the silver bromide column was standardized
at 20 cin.  When aqueous solutions of developers were to
be used, the columns were charged with dye in aqueous
solution, and the charging and developing operations were
carried out in the absence of oxygen in the apparatus de-
scribed in the preceding paper.

The merocyanine dye, 4-[3-ethyl-2(3H)-benzothiazolyli-
dene)-ethylidene]-3-methyl-1 - (p-sulfophenyl)-5-pyrazolone
(sodium salt), was used in most of the experiments. Each
tube was charged with 2 ce. of 10~* M dye solution. The
eluate was collected in acetic acid solution to prevent oxida-
tion of the developing agent on contact with air.

Results

Hydroquinone in 0.01 M aqueous solution could be used
as a chromatographic developer at pH 8.0 and below without
causing reduction of the silver bromide. When a solution
of pH 9.0 was used, a slight amount of reduced silver formed
toward the end of the experiment. Hydroquinone displaced
the merocyanine dye, and its effectiveness increased with
increasing pH of the solution. Some data are given in
Fig. 1, where the amount of dye eluted in terms of the per-
centage of dye originally present in the column is plotted
against the volume of eluate. Itis seen that, even at pH 6,
more dye was eluted by the hydroquinone solution than by
an equal volume of water. The cause of the breaks ob-
served in the curves representing pH 8 and 9 is not clear,
but may be associated with the existence of two types of sur-
face of somewhat different adsorptive properties. The
break is not specific for hydroquinone, but has been obtained
with other chromatographic developers (e.g., dilute potas-
sium bromide solutions), where the ratio of displaced dye to
eluate volume is about the same. No breaks were observed
when this ratio was either considerably larger or considerably
smaller. Displacement of other dyes by hydroquinone has
been observed, e.g., eosin.

DISPLACEMENT OF MEROCYANINE OYE
BY 0.0/ M HYDROQUINONE
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Fig. 1.—Displacement of merocyanine by 0.01 M hydro-
quinone at various pH values.

Figure 2 illustrates results obtained with catechol, hy-
droxylamine and resorcinol. A hydroquinone curve is in-
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cluded for comparison. The displacement of the merocyati-
ine dye by catechol at pH 6.0 (not shown) was only slightly
greater than that by hydroquinone at the same pH. The
displacement by catechol at pH 8.0 was about the same as
that by hydroquinone at pH 9.0. A break was not ob-
served in the catechol curve for pH 8.0, but some reduction
of silver bromide occurred in the later stages of the experi-
ment, and the presence of a break may have been obscured
by the appearance of developer oxidation product. Hy-
droxylamine was less effective than hydroquinone in dis-
placing the dye, but its action was greater at pH 10 than at
8, showing that a pH-dependency exists for this agent as
well. The displacement by water alone showed little or no
dependency upon pH. Resorcinol was much less effective
as a chromatographic developer than hydroquinone or cate-
chol. A solution at pH 8 was no more effective than water,
and a solution at pH 10 was less effective than one of hydro-
quinone at pH 8.

MERCCYANINE DYE
OFVELOPERS, G0 M N WATER
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Fig. 2 —Displacement of merocyanine by various developing
agents,

Sodium sulfite, which showed some codperative adsorp-
tion with the positively-charged dyes, displaced the mero-
cyanine, but was less effective than the photographic de-
veloping agents. Some data are given in Fig. 3. A sodium
sulfate solution, on the other hand, was somewhat less ef-
fective than pure water in displacing the dye.
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Fig. 3.—Displacement of merocyanine by sodium sulfite:
-X-X-, 0.001 M Na,SO;; -A-A-, 0.01 M Na,S0;; -0-O-,
0.0056 M Na,S04; -0-0-, 0.0005 M Na,SO,; -@-@-, water.
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It was shown previously that p-phenylenediamine in
aqueous solution displaces phenosafranin and 8,3’-diethyl-
oxacarbocyanine from the silver bromide surface. Some
reduction of silver bromide occurred in the later stages of the
elution, however. In an effort to avoid such reduction,
solutions of p-phenylenediamine in acetone have been tried
with success. In these experiments, the silver bromide
tubes were first washed with three 5-cc. portions of acetone
after the water had been expelled. The tubes were then
charged with dye from acetone solution, and 2 cc. more of
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acetone used to rinse out the tube. Development by the
p-phenylenediamine solution was then carried out in the
usual manner. The dye in the eluate could be determined
directly without the addition of acid.

The curves obtained with the p-phenylenediamine de-
veloper are regular in shape, resembling those of hydroxyl-
amine in Fig. 2. A concentration series was run over a
range of 100-fold. The dependence of elution upon con-
centration of p-phenylenediamine is illustrated in Fig. 4.
Here, the logarithm of the maxiinuni slope of the elution
curve is plotted against the logarithm of the concentration
of the p-phenylenediamine. A straight line of slope of 0.55
was obtained for each dye. If the maximum slope of the
elution curve is a measure of the amount of p-phenylenedi-
amine adsorbed, the straight lines in Fig. 4 would show that
the adsorption is following the Freundlich isotherm. Similar
results were obtained for the displacement of merocvanine
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Fig. 4 —Dependence of displacement of dyes upon the
concentration of p-phenylenediamine: curve 1, displacement
of phenosafranin; curve 2, displacement of 3,3’-diethyloxa-
carbocyanine,

Some tests were made on the displacement of pheno-
safranin by 4-amino-3-methyl-N-ethyl-N-(3-methylsulfon-
amidoethyl)-aniline. The displacement curves obtained
are similar in form to those obtained with p-phenylenedi-
amine. The maximum slopes are 1.76 and 0.50 for de-
veloper concentrations of 0.01 and 0.001 1}/, respectively.
If these data are plotted in the same way as the p-phenylene-
diamine data in Fig. 4, the slope of the straight line is 0.54,
in excellent agreement with the value of 0.535 for the p-
phenylenediamine. It is of interest to compare this con-
centration-dependence with that found by Fortmiller and
James? for the development of liquid emulsions by deriva-
tives of p-phenylenediamine. A log-log plot of their data
yields a straight line of slope 0.54.

Discussion

The dye displacement experiments have demon-
strated that hydroquinone, catechol, hydroxylam-
ine, hydrazine, p-phenylenediamine and 4-amino-3-
methyl-N-ethyl-N - (8 - methylsulfonamidoethyl)-
aniline are adsorbed by silver bromide. This
supports the suggestion of Sheppard and Meyer*
that adsorption of photographic developing agents
by silver halide precedes the reduction of the silver
salt in photographic development. The pH-de-
pendence of displacement by hydroquinone and
catechol indicates that these agents are adsorbed in
the ionized form., Kinetic evidence indicates that
the ionized forms of the developing agents likewise
are involved in photographic development. Resor-
cinol is much less effective than hydroquinone and

(3) L. Fortmiller and T. H. James, PSA Journal, 1TB, 102 (1951).
(4) 8. BE. Sheppard and G. Meyer, THis JOURNAL, 43, 689 (1920).
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catechol, both in displacing the merocyanine dye
and in photographic development. The low devel-
oper activity of the resorcinol can depend only in
part on its lower adsorption, however, since the
oxidation of this agent by silver ions from solution
is much slower than the oxidation of hydroquinone
and catechol.
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Remarks on Spectra of Stilbene Derivatives
By Joux R. Prartr

Application of first-order perturbation theory! to
the spectra of stilbene derivatives as given by
Beale and Roe? leads to some important conclusions.
For an allowed even—odd transition in a centrally
symmetric molecule, such as the longest wave
length transition in frams-stilbene, the oscillator
strength is the square of a transition moment vec-
tor, M.® A small perturbation by a substituent,
a, at a particular position introduces an additional
perturbation vector, m.. The total intensity be-
comes the square of the vector sum, M + m,. If
there is an angle, 6., between the vectors, the oscil-
lator strength in suitable units is

f = (M + ma cos 8,)% + (1, sin 6,)2
= M2+ 2Mm, cos B + ma?
and the increment is
Af = 2Mm, cos 8,

if m, is relatively small.

For two substituents at opposite positions, the
perturbation vectors will be parallel and the in-
tensity increments will add linearly. (For an even—
even transition, they would subtract. For a for-
bidden even—odd, where M is zero, the perturba-
tion vectors would add linearly, but the intensity
increments would go up as the square of the vector
sum.*) For two substituents at any positions, the
total intensity increment will be approximately the
sum of the independent increments, in this first-or-
der theory, as long as m. and m» are small compared
to M.

Examination of Beale and Roe’s f-values in the
light of these remarks leads to the following conclu-
sions.

(1) The longest wave length singlet-singlet
transition in frans-stilbene is necessarily even-odd
(in agreement with all theoretical predictions and
with the high intensity. Reason: the 4-methyl-
stilbene intensity is greater than that of stilbene;
and the 4,4’-dimethyvl intensity is greater still (in
arithmetic progression) and not less.

(2) The N(CH;), perturbation is larger than the
methyl (as noted by Beale and Roe) and in addition
it has the same sign. Reason: the 4,4’-increments
for these substituents add, and do not subtract.
The same result has been found® for these substitu-
ents as they affect the benzene 2600 A. bands;
but the N(CHj), group had a relatively larger effect
there.

(1) J. R. Platt, J. Chem. Phys., 19, 263 (1951).
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