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computed according to equation 1 and according to 
the limiting law 2 practically coincide. 

The same method of subtract ing the hea t ca
pacity contributions of the 2 Na oscillators, when 
applied to the heat capacity of glassy anhydrous 

Donor-acceptor complexes2 have generally come 
to be accepted as the most useful description of the 
type of interaction which characterizes the solu
tions of iodine in the so-called "brown" solvents.3 

Of particular interest has been the interaction of 
halogens with aromatic compounds.4 Considerable 
da ta have been accumulated in connection with 
the shifts in the visible and ultraviolet absorption 
spectra and with the equilibrium constants associ
a ted with the formation of the complexes.6 Also, 
observations which support the formation of 
donor-acceptor complexes have been made con
cerning changes in the infrared spectra6 and in the 
dipole moments7 which accompany solvent inter
action with halogens. Consistent with the view 
tha t the interaction of halogens with arylethylenes 
as electron donors gives rise to complexes are the 
observations reporting the formation of colored 
solutions,8 colored, salt-like solids8 e _ g and con
ducting solutions.88 

(1) From the Ph.D. Thesis of W. Dale Womer. This investigation 
was sponsored by the Office of Ordnance Research, U. S. Army. 

(2) (a) R. S. Mulliken, T H I S JOURNAL, 72, 600 (1950); 74, 811 
(1952); (b) J. Phys. Chem., 56, 801 (1932); (c) Rec. trav. chim., 75, 
845 (1956); (d) C. Reid and R. S. Mulliken, T H I S JOURNAL, 76, 3869 
(1954); (e) P. A. D. de Maine, J. Chem. Phys., 26, 1199 (1957). 

(3) J. Kleinberg and A. W. Davidson, Chem. Revs., 42, 601 (1948). 
(4) L. J. Andrews, ibid., 64, 713 (1954). 
(5) (a) H. A. Benesi and J. H. Hildebrand, THIS JOURNAL, 70, 

2832 (1948); 71, 2703 (1949); (b) T. M. Cromwell and R. L. Scott, 
ibid., 72, 3825 (1950); (c) R. E. Keefer and L. J. Andrews, ibid., 77, 
2164 (1955), and earlier papers by these authors; (d) N. Ogimachi, 
L. J. Andrews and R. M. Keefer, ibid., Tl, 4203 (1955). 

(6) W. Haller, G. Jura and G. C. Pimentel, / . Chem. Phys., 22, 
721 (1954); L. D'Or, R. Alewaeters and J. Collin, Rec. trav. chim., 75, 
862 (1956); J. Collin and L. D'Or, J. Chem. Phys., 23, 397 (1955); 
R. S. Mulliken, ibid., 23, 397 (1955); W. B. Person, R. E. Erickson 
and R. E. Buckles, ibid., 27, 1211 (1957). 

(7) F. Fairbrother, Nature, 160, 87 (1947); J. Chem. Soc., 1051 
(1948). 

(8) (a) L. Gattermann, Ber., 22, 1129 (1889); 28, 2869 (1895); 
(b) P. Pfeiffer and P. Schneider, J. prakt. Chem., 129, 129 (1931); (c) 
W. Bockemiiller and R. Janssen, Ann., 542, 166 (1939); (d) R. 
Wizinger, Z. ange'w. Chem., 39, 564 (1926); 40, 503,675(1927); (e) 
R. Wizinger and J. Fontaine, Ber., 60, 1377 (1927); (f) P. Pfeiffer and 
R. Wizinger, Ann., 461, 132 (1928); (g) R. E. Buckles and N. A. 
Meinhardt, T H I S JOURNAL, 74, 1171 (1952). 

te t raborate according to the data of the same paper 
by Westrum and Grenier and for the same value of 
0Na = 256°, yields points which do not fall on a 
straight line, as is evident from Fig. 2. 
Moscow, U.S.S.R. 

The present investigation involves the changes in 
the visible and ultraviolet absorption spectra of 
tetrakis- (^-methoxyphenyl) -ethylene (tetraanisyl-
ethylene or TAE) on interaction with bromine. 

A solution of T A E in ethylene chloride in the 
presence of bromine turned blue immediately as 
had been reported8a ,e for this interaction. This 
sort of change is presumed to involve complex 
formation. As shown in Fig. 1, these blue solu
tions of T A E with bromine in ethylene chloride 
also underwent slow changes and the blue color 
(575 m/j) gradually disappeared as the peak char
acteristic9 of the conjugated double bond (330 my) 
also disappeared At the same time a new peak 
appeared a t 490 m/i. A second complex ap
parently was formed as a result of a slow bu t 
favorable equilibrium with the first complex. Cop
per powder removed this new peak from the solu
tion. If the copper was kept in contact with the 
solution for only a short time the resulting solution 
contained a third absorbing species with a spectrum 
the same as tha t of the second complex, within 
experimental error, except t ha t the peak a t 490 
ran was removed. This third species may have 
been a third complex or the dibromide of T A E . 
In any event the solution turned yellow on stand
ing. The peak a t 490 mju was again observed in 
the spectrum bu t the rest of the spectrum was 
the same as before the 490 rmt peak returned. 
Thus, the third complex (or dibromide) was in 
slow equilibrium with the second complex Fi
nally all changes could be wiped out and the spec
t rum of the solution returned to t ha t character
istic of the original ethylene by extended treat
ment with copper powder. This solution had the 
spectrum characteristic of the blue complex when 
mixed with a fresh portion of bromine solu
tion. 

This behavior of T A E with bromine to form a 
blue complex immediately and a yellow complex 
more slowly is reminiscent of the complexes re-

(9) R. N. Jones, ibid., 65, 1818 (1943). 

[CONTRIBUTION FROM THE DEPARTMENT OF CHEMISTRY, STATE UNIVERSITY OF IOWA] 

A Spectrophotometric Study of the Interaction of Bromine with Tetrakis-(p-methoxy-
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When mixed with bromine in ethylene chloride tetrakis-(£-methoxyphenyl)-ethylene (TAE) gave a blue solution immedi
ately. This solution had an absorption peak at 575 m,u which was not characteristic of bromine nor of TAE. Standing 
produced a new absorbing species (490 m/z). Both of these species acted as if they were complexes in that the bromine was 
easily removed from each by copper. Less easily removed was bromine held by a third species which was in equilibrium 
with the complexes. An equilibrium constant (based on concentration) of (6.8 ± 0.5)102 1. per mole was measured for 
the formation of the blue complex in ethylene chloride at 26°. The value for this equilibrium constant increased as the 
temperature was lowered. No changes in spectra were observed when TAE was mixed with bromine in dilute solutions in 
carbon tetrachloride. In ethylene chloride other tetraarylethylenes failed to give instantaneous spectral changes when 
mixed with bromine. 
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Fig. 1.—The absorption spectra of tetrakis-(,&-methoxy-
phenyl)-ethylene TAE with bromine in ethylene chloride 
under various sets of conditions. The cells had path 
lengths of 1.00 cm. Pure solvent was used as a blank. In 
each case the initial concentration of TAE was 5.0 X 10_6 

M and that of bromine was 2.5 X 1O-4 M1 except for curve 
1 when no bromine was present. For 2 the spectrum was 
taken on a freshly mixed solution. For 3 the solution was 
allowed to stand 8 days. For 4 the solution of curve 3 was 
shaken with copper powder for 3 hr. and the spectrum taken 
immediately. For 5 the solution of curve 4 was allowed to 
stand 8 hr. For 6 any of the solutions with copper powder 
for 4 days gave curve 6 essentially the same as curve 1. 

ported10 between dianisylethylene and trichloro
acetic acid. In t ha t case, however, the complex 
which absorbed a t shorter wave lengths (498 my.) 
was formed rapidly and the complex which ab
sorbed a t longer wave lengths (680 mp.) was formed 
more slowly. 

The type of changes in absorption spectrum 
associated with the addition of halogen to the 
double bond of a tetraarylethylene is illustrated 
by the spectrum of l ,2-dichloro-l, l ,2,2-tetra-
phenylethane. This compound showed very little 
absorption (am was no greater than 340) in the 
neighborhood of 300 m/* and a t higher wave lengths. 
At shorter wave lengths the absorbance increased 
sharply. Tetraphenylethylene on the other hand 
is reported1 1 to have an absorption peak of am = 
1.42 X 104 a t 312 rn.fi. Also two derivatives of 
T A E brominated on the rings, tetrakis-(3-bromo-
4-methoxyphenyl)-ethylene and tetrakis-(3,5-di-
bromo-4-methoxyphenyl) -ethylene, each had the 
relatively intense absorption peak around 325 mn 
which is characteristic of the conjugated double 

(10) A. G. Evans, P. M. S. Jones and J. H. Thomas, J. Chem. 
Soc, 104 (1957). 

(11) G. Kortum and G. Dreesen, Chem. Ber., 84, 182 (1951). 

bond.9 '11 Thus, bromination of the rings of T A E 
did not affect the general pa t te rn of the ultraviolet 
spectra. Neither of these brominated compounds 
showed a change in spectrum characteristic of 
complex formation with bromine in ethylene chlo
ride as T A E did, however. A quali tat ive ob
servation of this sort has been reported815 with 
tetrakis - (3 - chloro - 4 - methoxyphenyl) - ethylene. 
The halogens on the ring either shifted the absorp
tion peak of the complex to a region where it could 
not be measured or they decreased the tendency 
of the complex to form so t ha t i ts concentration was 
too low for measurement. 

Eleven other arylethylenes (listed in the Ex
perimental Par t) also failed to exhibit immediate 
spectral changes characteristic of complex forma
tion with bromine in ethylene chloride. Most did 
undergo changes on standing with bromine which 
were somewhat similar to the results with T A E 
on standing in tha t the conjugation peak around 
330 m/u was lowered. The investigations were not 
carried past the preliminary stages, however. 

Dilute solutions of T A E in carbon tetrachloride 
containing as much as 100 times as much bromine 
(on a molar basis) had spectra characteristic only 
of the T A E and the bromine. No spectral evi
dence for complex formation was observed. Mixed 
solvents containing varying amounts of carbon 
tetrachloride and ethylene chloride also were used 
in qualitative experiments. I t was found t ha t 
when solutions with much less than 5 0 % ethylene 
chloride by weight were used the extent of com
plex formation was too small to be measured spec-
trophotometrically. Thus, effective complex for
mation appeared to be dependent upon the polarity 
of the ethylene chloride and not on a specific re
action with this solvent. 

At the low concentrations used for the observa
tion of complex formation in ethylene chloride, the 
spectrum of bromine (411 ran, am 2 0 6 ) n could not 
be observed effectively except when a large excess 
was used. Because of extensive absorption by 
T A E and the complexes, the characteristic13 ab
sorption peak of tribromide ion a t 273 mp could 
not be observed either. Thus, ionization of one 
of the complexes could not be established spectro-
photometrically. Correlation of absorption spec
t ra with electrical conductance will be necessary 
in order to clarify this point. 

The equilibrium constants for the formation of 
the complex of T A E with bromine in ethylene 
chloride were measured spectrophotometrically a t 
four temperatures ranging below room temperature. 
Equat ion 1 was used a t room temperature (26°) 
to calculate K0 for solutions with bromine in excess. 
This equation is an adaptat ion of tha t suggested 
by Scott.14 Since the values of the constants were 
relatively large compared with those usually found 
for complexes of this sort and since the concentra
tions were relatively small, either a combination 
of equations 1 and 2 or equation 3 could be used 
to calculate K^- In these equations K0 and A~N 
are the equilibrium constants based on molar con
centrations and mole fractions, respectively, Cx 

(12) R. E. Buckles and J. F. Mills, T H I S JOURNAL, 75, 552 (1953). 
(13) R. E. Buckles and J. P. Yuk, ibid., 75, 5048 (1953). 
(14) R. L. Scott, Ric. irav. Mm., 75, 787 (1956). 
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and NK are the concentration and mole fraction of 
bromine, CBt and Nm are the initial concentration 
and initial mole fraction of the. arylethylene, b is 
the path length of the cell, ac is the molar ab-
sorbancy index (molar extinction coefficient) of 
the complex, ^4s is the absorbance (optical density) 
of the solution and Fs is the molar volume of the 
solvent. 

In each case the equilibrium constant obtained 
was based on the formation of a 1:1 complex. 
The values at 26° were essentially constant over 
an 800-fold change in concentration in bromine and 
a 10-fold change in the concentration of TAE. 

(D Cx CBtS _ Cx j 
As Oo Kcaa 

K0 = VsKx 
NxNBtb VsN1 

+ 
Vs 

(2) 

(3) 
As oo Kfiac 

In Table I are listed the values of Kc and cc 
obtained at various wave lengths, at 26°. The 
average value for Kc from 74 measurements was 
(6.79 ± 0.53) 102 liters per mole where the precision 
sets the 95% confidence limits of the average. In 
Table II are given values of Kn at various tempera-

T A B L E I 

EQUILIBRIUM CONSTANTS FOR THE FORMATION OF A 1:1 

COMPLEX BETWEEN TAE AND BROMINE IN CARBON TETRA

CHLORIDE AT 25° 

Ko X 10-> \, mn a X 10"« 

6.14 575 2.04 
6.46 586 1.91 
6.54 600 1.82 
6.99 612 1.69 
7.34 625 1.55 
7.27 650 1.39 

T A B L E II 

EQUILIBRIUM CONSTANTS FOR THE FORMATION OF THE 1:1 

COMPLEX BETWEEN TAE AND BROMINE IN ETHYLENE CHLO

RIDE AT VARIOUS TEMPERATURES 

The precision sets the 9 5 % confidence limits of the values. 
Temp., 0 C. K N X 10"» 

26.0 ± 0 . 4 0.854 ± 0 . 0 6 7 
2 .5 ± .2 3.72 ± 0 . 5 2 

- 1 1 . 5 ± .3 7.7 ± 2 . 7 
- 1 7 . 5 ± .3 14.1 ± 4 . 6 

tures. From these data AH for the complex 
formation was calculated to be —9.56 ± 0.64 
kcal./mole; AF°26 was -5 .38 ± 0.05 kcal./mole; 
and A5°26 was —14.0 ± 2.1 cal./degree mole. 
The precision in each case sets the 95% confidence 
limits of the values. 

The formation constants observed for TAE are 
higher than those reported5 for other aromatic 
compounds. The reaction appears to be more 
exothermic and the standard entropy of reaction 
has a higher negative value as well. The values 
appear to be quite comparable to those reported2d 

for the iodine-pyridine complex in hexane. The 
spectrum of the complex differs from those reported 
for these cases, however, in that the peak is at a 
higher wave length (575 m^u)—higher in fact than 
the wave lengths of the peaks associated with 
either TAE or bromine. The usual charge trans

fer spectrum2 associated with donor-acceptor com
plexes of the aromatic compounds with halogens 
has an intense absorption peak in the range from 
200 to 300 m/i. In fact if this peak at 575 m̂ u is a 
charge transfer peak it would be correlated16 with 
a relatively low ionization potential (around 
6 e.v.) for TAE. 

Experimental Part 
Tetrakis-(£-methoxyphenyl)-ethylene (TAE).—A mixture 

of 24 g. (0.10 mole) of 4,4'-dimethoxybenzophenone and 
8.5 ml. (12.7 g., 0.10 mole) of oxalyl chloride was allowed 
to react at room temperature for 30 minutes. The reaction 
mixture was then heated to about 80° to ensure removal of 
the carbon dioxide and carbon monoxide. The dichloride 
formed was not isolated but was dissolved in 100 ml. of ben
zene and heated under reflux with excess copper bronzing 
powder for 2 hr. The reaction mixture was filtered and the 
filter cake was washed several times with hot benzene. 
The combined benzene solution was concentrated by dis
tillation. A yield of 20.4-21.5 g. (90-95%) of the TAE, 
m.p. 183-184°, was obtained after crystallization from the 
benzene solution. Only 4 - 6 % of the product could be ob
tained when phosphorus pentachloride was used for the 
synthesis of the dichloride from 4,4'-dimethoxybenzophe-
none. Only the copper bronzing powder used in gilt paints 
was satisfactory. All other types of powdered copper gave 
little or no product. The method of preparation of the 
dichloride is an adaptation of one in the literature.16 In 
that case the TAE was prepared by the action of mercury on 
the dichloride. 

Tetrakis-(£-hydroxyphenyl)-ethylene.—A solution of 2.5 
g. (0.0056 mole) of TAE and 25 ml. of 57% hydriodic acid 
in 200 ml. of glacial acetic acid was boiled under reflux for 
4 hr. Steam distillation removed the acetic acid and the 
hydriodic acid. The crude product (2 g.) was separated 
from the residue by filtration. Crystallization was carried 
out in aqueous methanol. Additional crops were obtained 
by concentration of mother liquors. The total yield was 
1.0 g. (45%) of product of m.p . above 335°. This product 
had properties consistent with those reported.17 

Anal. Calcd. for C26H20O4: C, 78.8; H, 5.08. Found: 
C, 78.6; H, 5.34. 

Tetrakis- (3,5-dibromo-4-hy droxyphenyl)-ethylene.—A 
solution of 2.0 g. (0.0051 mole) of tetrakis-(^-hydroxy-
phenyl)-ethylene in 15 ml. of 9 5 % ethyl alcohol was mixed 
with 2.0 ml. (6.0 g., 0.033 mole) of bromine in 40 ml. of 
glacial acetic acid. The reaction mixture was heated 
gently for a few minutes and then 10 ml. of water was 
added. Crude tan crystals (3.6 g.) of m.p . 155-170° pre
cipitated. Successive crystallization from aqueous meth
anol and then from chloroform yielded 2.5 g. (45%) of crys
tals, m.p. 240-242° (slight d e c ) . This compound appeared 
to be either a complex with hydrogen bromide or an addi
tion product. Alcoholic silver nitrate gave an immediate 
precipitate in the cold. 

Anal. Calcd. for C26Hi3O4Br8: C, 28.2; H, 1.17. 
Found: C, 28.3; H, 1.17. 

The product was heated under reduced pressure at 100° 
for 24 hr. The resulting material had an m.p . of 246-247° 
(no dec. evident) and gave no reaction with alcoholic silver 
nitrate. 

Anal. Calcd. for C28Hi2O4Br8: C, 30.3; H, 1.18. 
Found: C , 29.8; H, 0.92. 

Tetrakis-(3,5-dibromo-4-methoxyphenyl)-ethylene.—Di-
azomethane from the action of alcoholic potassium hydrox
ide on 1.0 g. of N-methyl-N-nitroso-^-toluenesulfonamide 
in ether was distilled into an ether solution of 0.15 g. (1.5 X 
1 0 - 4 mole) of tetrakis-(3,5-dibromo-4-hydroxyphenyl)-
ethylene. The ether was evaporated and the residue crys
tallized from chloroform to give 0.15 g. (93%) of tetrakis-
(3,5-dibromo-4-methoxyphenyl)-ethylene, m.p . 228.5-230°. 

Anal. Calcd. for C30H20O4Br8: C, 33.2; H, 1.86. 
Found: C, 32.7; H, 1.73. 

(15) H. McConnell, J. S. Ham and J. R. Piatt, J. Chem. Phys., 21 
66 (1953). 

(16) H. Staudinger, K. Clar and E. Czako, Ber., 44, 1640 (1911). 
(17) A. Behr, ibid., 5, 277 (1872). 
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Attempts to prepare either tetrakis-(3,5-dibromo-4-
methoxyphenyl) -ethylene or tetrakis- (3-bromo-4-methoxy-
phenyl)-ethylene from the corresponding benzophenone by 
way of the dichloride as used for the synthesis of TAE were 
unsuccessful. 

Direct Bromination of Tetrakis- (p-methoxyphenyl)-etliyl-
ene (TAE) .—A solution of 9.5 g. (0.021 mole) of TAE and 
22 ml. (65 g., 0.36 mole) of bromine in 600 ml. of carbon 
tetrachloride was boiled under reflux as it was stirred with 
110 g. of calcium carbonate. The mixture was heated for 
45 hr. The excess bromine was then removed by reaction 
with aqueous sodium thiosulfate solution. Crystallization 
of 7.0 g. of crude product was induced by the addition of 
methanol to the carbon tetrachloride solution. Four crys
tallizations from chloroform and absolute ethyl alcohol gave 
a 4.0-g. yield of a bright yellow product of m.p. 256-257°. 
This compound was not identical with either tetrakis-(3,5-
dibromo-4-methoxyphenyl)-ethylene, or tetrakis- (3-bromo-
4-methoxyphenyl)-ethylene. From its ultraviolet absorp
tion spectrum (peaks a t 282 m/i of am = 3.82 X 104 and a t 
328 ran of am = 1.68 X 104) this compound appeared to be 
something other than a tetraarylethylene, but its structure 
was not established. 

4,4'-Dimethoxy-3,3',5,5'-tetrabromobenzophenone.— 
Direct bromination of 4,4'-dimethoxybenzophenone in 
glacial acetic acid gave a 97% yield of 3,3'-dibromo-4,4'-
dimethoxybenzophenone, m.p. 174-178°. l s Demethylation 
of 4,4'-dimethoxybenzophenone was accomplished by the 
action of 57% hydriodic acid in glacial acetic acid to give a 
90% yield of 4,4'-dihydroxybenzophenone, m.p. 205-207°. 
This cleavage gave results similar to those carried out with 
aluminum bromide.19 The dihydroxybenzophenone was 
brominated directly in glacial acetic acid to give an 8 5 % 
yield of 4,4'-dihydroxy-3,3',5,5'-tetrabromobenzophenone, 
m.p. 224-226°.» A solution of 3.0 g. (0.0057 mole) of this 
ketone in 75 ml. of methylene chloride was treated with ex
cess diazomethane in methylene chloride. The solvent was 
evaporated and the residue was crystallized from chloro
form-ethyl alcohol to give 3.1 g. (94%) of 4,4'-dimethoxy-
3,3',5,5'-tetrabromobenzophenone, m.p . 205-210°. 

Anal. Calcd. for Ci6Hi0O3Br4: C, 32.3; H, 1.81. 
Found: C, 31.7; H, 1.85. 

Arylethylenes.—The following arylethylenes were either 
available from earlier investigations or were synthesized 
by the methods described in the references: l,l-h\s-{p-
bromophenyl)-2,2-dibromoethylene,21 m.p. 120-121°; 1,2-
bis-(p-bromophenyl)-l,2-dibromoethylene,21 m.p. 234-236°; 
l,l,2-tris-(p-bromophenyl)-2-bromoethylene,21 m.p. 184-
185°; tetrakis- (£-bromophenyl)-ethylene,21 m.p . 248°; 
1,2- bis- (̂ J- bromophenyl) -1,2 - bis - (p - chlorophenyl) - ethyl
ene,8* m.p . 231.5°; cu-l,2-bis-(^>-chlorophenyl)-l,2-di-
phenylethylene,88 m .p . 157-158.5°; trans-l,2-bis-{p-o.h\oro-
phenyl)-l,2-diphenylethylene,8g m.p. 205°; cis-l,2-bis-
(4-biphenylyl)-l,2-diphenylethylene,8g m.p. 219°; 1,2-bis-
(^-dimethylaminophenyl) - l,2-diphenylethylene,8g m.p. 
217°; and l,2-bis-(£-dimethylaminophenyl)-l,2-bis-(£-
methoxyphenyl)-ethylene,8g m.p . 218°. l,2-Bis-(£-meth-
oxvphenyl)-l,2-diphenvlethylene was synthesized as before88 

but the m.p. obtaine'd was 200-200.5° instead of 185-
186.5°. As in the earlier investigation88 at tempts were 
made to separate cis and trans isomers of the tetraaryl-
ethylenes by chromatography and fractional crystalliza
tion, but no new separations were accomplished. Tetrakis-
(3-bromo-4-methoxyphenyl)-ethylene, m.p. 265-267°, was 
kindly supplied by Mr. R. E. Erickson and 1,2-dichloro-
1,1,2,2-tetraphenylethane, m.p. 183-184°, by Dr. D . F . 
Knaack, both of this Laboratory. 

Purification of Solvents.—The problems of obtaining pure 
ethylene chloride which does not react with bromine have 
been discussed in connection with earlier investigations.13 '22 

(18) M. Bosler, Ber., 14, 329 (1881). 
(19) P. PfeiSer and E. Haack, Ann., 460, 156 (1928). 
(20) T. Zincke and E. Birschel, ibid., 362, 221 (1908). 
(21) R. E. Buckles, E. A. Hausman and N. G. Wheeler, T H I S JOUR

NAL, 72, 2494 (1950). 
(22) R. E. Buckles and L. Harris, ibid., 79, 886 (1957). 

The same general methods were applied for this work. 
Carbon tetrachloride was purified as described for earlier 
investigations.12'2S 

Spectrophotometric Measurements.—All measurements 
at room temperature were carried out on a Cary, Model 
11, Recording Spectrophotometer in calibrated silica cells 
of path lengths 1.00 ± 0.01 cm. as well as in 2, 5 and 10 
cm. cells of corresponding precision. Pure solvent was 
used in the blank cells. The qualitative observations of 
spectra were carried out on solutions made up with the con
centration of the arylethylene about 5 X 10 - 5 M and 
amounts of bromine varying from 0 to 25 moles per mole of 
arylethylene. The solutions were allowed to stand varying 
lengths of time. In a number of experiments all or part of 
the bromine was removed when the solution was shaken with 
copper powder for varying lengths of time. The excess 
copper and the copper bromide were removed by nitration. 

Although oxidizing agents have been reported88 to react 
with TAE to give colored products none of the tetraaryl-
ethylenes used changed color on extended exposure to oxy
gen except for those with dimethylamino groups in the p-
positions. The extent of complex formation between TAE 
and bromine was not increased when oxygen was bubbled 
into the solution. 

In the dilute solutions used for spectrophotometric meas
urements little or no aromatic substitution was observed. 
Xo hydrogen bromide was detected even though careful 
analyses were carried out. In more concentrated solu
tions (e.g., 1 M) substitution was an important reaction. 

Low temperature spectrophotometric measurements were 
carried out with a cell surrounded by a cooling chamber 
which was in turn surrounded by a silvered, vacuum jacket. 
The optical windows were of Corex glass and they were 
double at each end with an evacuated space between. The 
entire cell except for the windows was packed in vermiculite 
and dry nitrogen was blown into the cell compartment of the 
instrument. Glycol-water mixtures from a refrigerated 
bath were circulated through the cell. The temperature 
in the cell was measured with a pentane thermometer. At a 
bath temperature of —30° the temperature gradient be
tween the cell and the bath was about 13°, but it was 
relatively constant. The path length of the cell was de
termined as 7.496 ± 0.003 cm. by measurements with a 
travelling microscope. From the absorption spectrum of 
standard aqueous potassium permanganate a value of 
7.490 ± 0.14 cm. was obtained. The cell was best stand
ardized against three Corex cells (5 cm., 2 cm., and 1 cm.) 
containing solvent. With this cell reproducible measure
ments of absorption spectra of solutions down to —17.5° 
were possible. 

Measurement of Equilibrium Constants.—Stock solu
tions of bromine and TAE were prepared. From these 
and pure solvent the solutions of desired concentrations 
were prepared. Initial concentrations of TAE were varied 
from 2 X 10 ~6 M to 2 X 10 " 4 M while those of bromine 
were varied from 10~s M to 8 X 10~3 M. The volumes of 
ethylene chloride were corrected for temperature changes 
using a linear extrapolation of the data available.24 

Calculations of the constants at room temperatures were 
carried out graphically with equations 1, 2 and 3. From 
the molar absorbancy indices found at 26° (assumed to be 
temperature independent) the constants were calculated 
at the lower temperatures. In all 74 measurements of K 
were made at room temperature and 24 at each of the other 
temperatures. The heat of reaction was obtained graphi
cally from the temperature dependence of the equilibrium 
constant. The standard entropy and standard free energy 
for the reaction at 26° were calculated from the equilibrium 
constant and the heat of reaction. 
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