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Abstract:
Many molecules and ions possessing hydrophilic and hydrophobic regions aggregate in solution.
Although the resulting micelles have been studied intensively since McBain first postulated their
existence in 1913 (16), much remains to be learned about the micellization phenomenon.

The current work concerns two facets of micellization: (1) the ability of micelles to catalyze a number
of chemical reactions and (2) the influence of counterion structure on micellar parameters.

Bunton et al. (8) reported that micelles enhance the decarboxylation of 2-cyano-2-phenylacetic acid by
a factor as great as 660 and postulated an electrostatic interaction between the micelle surface and the
substrate which stabilizes the transition complex. If this is the case, structural changes in the polar
heads of the surfactant ions comprising the micellar surface should affect the reaction rate. One
problem was to determine the extent catalysis in the decarboxylation reaction is influenced by
alterations in the surfactant ion's polar head.

Two samples of 2-cyano-2-phenylacetic acid were used in the investigation. Although both had melting
points that agreed closely with literature values, their ultraviolet spectra differed somewhat. In basic
solution, the first sample exhibited a broad absorption band in the 2800 A region which decreased with
time. The rate of disappearance of the band was inhibited by cationic surfactants. Under similar
conditions, the spectrum of the second sample of acid did not possess the broad absorption band.
Attempts to follow the decarboxylation in the manner employed by Bunton et al. (8) were fruitless.
Further research is required to answer the questions raised.

Menger et al. (11) determined the critical micelle concentrations and aggregation numbers of
decyltrimethyl-ammonium micelles in 0.25m solutions of the organic dianions: phthalate, isophthalate
and terephthalate. The most symmetrical anion, terephthalate, had the least influence in lowering the
critical micelle concentration. The second problem of this research was to determine whether the three
benzene tricarboxylate counterions behave similarly. In agreement with Monger's work, we find that
the critical micelle concentration is highest when the most symmetrical counterion is employed.
Aggregation numbers are little affected by the geometry of the counterion. 
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ABSTRACT

Many molecules and ions possessing hydrophilic and 
hydrophobic regions aggregate in solution. Although, the 
resulting micelles have been studied intensively since 
McBain first postulated their existence in 1913 (16), much 
remains to be learned about the micellization phenomenon.

The current work concerns two facets of micellization: 
(I) the ability of micelles to catalyze a number of chemical 
reactions and (2) the influence of counterion structure on 
micellar parameters.

Bunton et al. (8) reported that micelles enhance the 
decarboxylation of 2-cyano-2-phenylacetic acid by a factor 
as great as 660 and postulated an electrostatic interaction 
between the micelle surface and the substrate which 
stabilizes the transition complex. If this is the case, 
structural changes in the polar heads of the surfactant ions 
comprising the micellar surface should affect the reaction 
rate. One problem was to determine the extent catalysis in 
the decarboxylation reaction is influenced by alterations in 
the surfactant ion's polar head.

Two samples of 2-cyano-2-phenylacetic acid were used in 
the investigation. Although both had melting points that 
agreed closely with literature values, their ultraviolet 
spectra differed somewhat. In basic solution, the first 
sample exhibited a broad absorption band in the 2800 A 
region which decreased with time. The rate of disappearance 
of the band was inhibited by cationic surfactants. Under 
similar conditions, the spectrum of the second sample. of 
acid did not possess the broad absorption band. Attempts to 
follow the decarboxylation in the manner employed by Bunton 
et al. (8) were fruitless. Further research is required to 
answer the questions raised.

Menger et al. (11) determined the critical micelle 
concentrations and aggregation numbers of decyItrimethyl- 
ammonium micelles in 0.25m solutions of the organic 
dianibns: phthalate, isophthalate and terephthalate. The 
most symmetrical anion, terephthalate, had the least influ
ence in lowering the critical micelle concentration. The 
second problem of this research was to determine whether the 
three benzene tricarboxylate counterions behave similarly. 
In agreement with Monger's work, we find that the critical 
micelle concentration is highest when the most symmetrical 
counterion is employed. Aggregation numbers are little 
affected by the geometry of the counterion.
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INTRODUCTION

As their name suggests, surfactants (acronym formed 
from surface active agents) lower the surface tension of 
water. Because of this and other special properties, they 
have many uses, e.g., as cleaners, emulsifiers, corrosion 
inhibitors, lubricants, bactericides and catalysts.

It is generally accepted that any valid explanation of 
all facets of surfactant behavior must include micellization 
as a basis tenet, i.e., the aggregation of monomeric sur
factant ions (molecules) to form colloidal particles or 
micelles. In general, a surfactant ion has a hydrophobic 
and a hydrophilic part. The decy ltrime thy !ammonium ion, 
CHg(CHg)^ N+ (CHg)g is illustrative. The hydrocarbon tail, 
CHg(CHg)^-, is "water-hating" and the polar head, -N+ (CHg)g, 
is "water-loving." Micelle formation is a compromise which 
permits both parts of the surfactant ion to reside in 
compatible environments. Hartley (I) succinctly described 
the situation in stating that the surfactant ions "aggregate 
with their chains jumbled together and away from the water 
and their end groups projecting into the surrounding water."

Micefle size increases with the addition of simple 
electrolyte (2), when the surfactant ion's hydrocarbon tail 
is lengthened (3), when the counterion (small ion associated
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with the surfactant ion in the neutral state) is made more 
polarizable. (.4) , and when the polar head is made less bulky 
(5). Light scattering measurements indicate that when 
concentrations of surfactant and simple electrolyte are low, 
micelles are roughly spherical with aggregation numbers, 
(number of surfactant ions per micelle) generally in the 
range of 35 to 150.

Throughout the last two decades there have been
numerous studies of the catalysis of various chemical
reactions by surfactant micelles. Although the rate
enhancement is rarely greater than a factor of 100 (6) , it
can be much higher. Sodium laurylsulfate, for example, will

+9enhance the Hg (II) - induced aquation of Co(NHg)^Cl by 
a factor of 42,000 or more (7). C. A. Bunton, A. Kamego, 
and M. J . Minch (8) found that the rate of decarboxylation 
of the 2-cyano-2-phenylacetate ion is catalyzed ca. 660-fold 
at 25°C by micelles of cetyltrimethy!ammonium bromide. 
Presumably, the reaction involves the formation of a 
carbanion-like transition complex which interacts strongly 
with the micelle. According to Bunton et al. (8), "Decarb
oxylations in . which a carboxylate ion generates a 
carbanion-like transition state are strongly catalyzed by 
cationic micelles. The electrostatic interactions between 
the cationic micelle and the carboxylate ion assist the 
incorporation of the latter into the micelle and, of itself, 
this stabilization of the initial state would result in a
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rate reduction unless the transition state, with its 
delocalized negative charge, interacts more strongly with 
the micelle than the more localized carboxylate ion and 
offsets this rate reduction."

If electrostatic interactions between the micellar 
surface and the carboxylate ion (transition complex) are 
involved in micellar catalysis, then it follows that struc
tural changes in the polar groups of the surfactant ions 
should influence the reaction rate. We decided to measure 
the rates of decarboxylation of 2-cyano-2-phenylacetic acid 
with a series of surfactants as catalysts. Since the polar 
head structure was to be changed systematically from one 
member to the next in at least a part of the series, we 
expected the strength of the interaction between micelle and 
transition complex - and therefore the reaction rate - to 
also change in a regular manner. An ultimate goal of 
research of this type is to correlate reaction rate with 
polar head structure. As the Fendlers have stated (6): "The 
use of micelles in synthetic organic chemistry is to alter 
the yields and reaction pathways has great potential and is 
a relatively unexplored area of research which merits 
attention."

Recent surfactant research at Montana State University 
has been concerned with the influence of organic counterions 
on micellar parameters. Anacker and Underwood (9) compared 
the tendencies of seven n-alkycarboxylates to promote the
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formation of decyltrimethy!ammonium micelles. Although 
lengthening the alkyl chain beyond two or three carbon atoms 
lowered the critical micelle concentration (surfactant 
concentration above which most of any surfactant added to a 
solution micellizes) and increased the aggregation number, 
the carboxylates proved not to be as strong promoters of 
micellization as a number of inorganic counterions. Switch
ing the counterion from formate to heptanoate increased the 
aggregation number of decyltrimethy!ammonium micelles from 
37 to 48. With the DODTMAB surfactant ion, switching the 
counterion from iodate to thiocyanate increased the aggre
gation number from 38 to 8,700 (10). Concentrations of 
counterions in all solutions were the same, 0.500 molal.

F. M. Menger, D. Y. Williams, A. L. Underwood, and E. 
W. Anacker (11) studied the effect of counterion geometry on 
the critical micelle concentrations and aggregation numbers 
of decyItrimethylammonium micelles. The isomeric counter
ions involved were phthalate, isophthalate, and tere- 
phthalate:
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Critical micelle concentrations and aggregation

numbers, as determined by light scattering, in solutions
O.25 molal in the counterions are:

Counterion CMC (mole/kg) Aggregation No.
Phthalate 0.027 38

»

Isophthalate 0.025 46
Terephthalate 0.050 30

Menger et al. .summarized this study as follows: "We
find no evidence that the CMC, . aggregation number, and 
binding of micelles responds sensitively to the geometry of 
the counterion when polarizability, hydrophobicity, etc. , 
are left relatively constant.... The micelle surface is 
pictured as having water-filled grooves and fatty patches, 
being much more disorganized than in the classical Hartley 
model. Consequently, the micelle surface displays little 
preference for the disposition of the carboxylates attached 
to the aromatic ring."

As an extension of the work of Menger et al. , we 
decided to study the effect of isomerization in benzene-, 
tricarboxylate counterions on the micellar parameters of 
decyltrimethy!ammonium ions. An additional incentive was 
the opportunity to work with trivalent counterions. Most
counterion work in the past has involved monovalent species.

2 -Some unpublished work of Anacker and Underwood with SO^
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indicates that this divalent counterion is less effective in 
promoting micellization than many univalent inorganic ions, 
Br" for example. We thought it would be interesting to see 
if this trend carried over to organic counterions.
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EXPERIMENTAL

Instrumentation. In the kinetic studies, decarboxyla
tion reactions were carried out spectrophotometrically with 
a Cary 14 recording spectrophotometer and 10 mm Univar 
cells. The spectrophotometer, was operated with the scan 
speed at X20 and a chart speed of 10 sec/div. The scan 
direction was always in the direction of shorter. wave
lengths . All the spectrophotometer readings were taken from 
3500 A to 2200 A. Solution temperatures were maintained 
with a Magni Whirl water bath.

TMA Beckman Century SS-I pH meter with an Orion 
combination pH electrode was used in the preparation of the 
sodium salts of 1,2,3-, 1,2,4- and 1 ,3,5-benzenetricarb
oxylic acid.

In the counterion studies, light scattering and 
refractive index measurements were made at 25±1°C and 4358 
A 0 mercury line in Brice-Phbenix instruments.

Chemicals. The sources of the various substances used 
in this research are listed in Table I.



Table I. Chemicals used throughout the work project.

Name_____________________________________________ Symbol______ Source___________Reference
Decylmethylammonium bromide 
Decyldimethylammonium bromide 
Decyltrimethylammonium bromide 
DecyltrimethyIammonium bromide 
Decyltriethylammonium bromide 
Decyltripropylammonium bromide 
Decyldiazabicyclo [2-2-2] octanium bromide 
Dodecyltrimethylammonium bromide 
Cetyltrimethylammonium bromide 
2-cyano-2-phenylacetic acid 
2-cyano-2-phenylacetic acid 
Tris(hydroxymethyl)aminomethane 
Benzyl cyanide
Sodium I ,3,5-benzenetricarboxylate 
Sodium I,3,4-benzenetricarboxylate 
Sodium I,2,3-benzenetricarboxylate

DMAB B . Laumeyer a
DDMAB R. Geer (5)DTMAB B . Laumeyer b
DTMAB A. Rezvani C
DTEAB R. Geer (5)
DTPAB P. Jacobs (12)
DDBOB R. Geer (3)DODTMAB A. Rezvani d
CTMAB B. Laumeyer e
"acid" B. Laumeyer e
"acid" A. Rezvani d
Tris Baker Chem. Co. t
BC Aldrich Inc. g1,3,5 A. Rezvani h
1,2,4 A. Rezvani h
1,2,3 A. Rezvani h

a) Prepared in 1981.
b ) Used in kinetic studies. Prepared in 1981 or 1982.
c) Used in light scattering studies. Prepared in 1983.
d) Prepared in 1983.
e) Prepared in 1981.
f) Purchased in 1981 or 1982.
g) Purchased in 1981.
h) Prepared from corresponding acid in 1983.
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Most of the discussion relative to preparations will 

concern substances which I synthesized. Decyltrimethyl- 
ammonium bromide was prepared by mixing 0.45 mole of 
bromodecane (Aldrich), 0.75 mole of trimethylamine (Aldrich) 
and 3.0 moles, of absolute ethanol and allowing the mixture 
to stand - with occasional shaking - at room temperature for 
about eight days. Crystals of DTMAB formed within a few 
hours of mixing. Ethyl ether was used to precipitate DTMAB 
in solution at the end of synthesis. The product was 
recrystallized twice from acetone and three times from 
ethanol-ether mixtures. DODTMAB was prepared in a similar 
manner from trimethylamine and bromododecane (Eastman).

The three sodium benzenetricarboxylates were prepared 
from the corresponding acids by neutralization of aqueous 
suspensions of the acids with aqueous NaQH (50% by weight). 
A pH meter was used to detect the end points (pH = 9.3 for a 
I molar solution of 1,3,5; 9.6 for a . I molar solution of 
1,2,4; 9.9 for a I molar solution of 1,2,3). Prior to the 
neutralizations, the individual acids were crystallized from 
various solvents [1,3,5-benzenetricarboxylic acid (Aldrich) 
once from glacial acetic acid and twice from methanol-water 
mixtures; I ; 2,4'-benzenetricarboxylic acid (Aldrich) twice 
from glacial acetic acid and once from an ethanol-water 
mixture; I ,2,3-benzenetricarboxylic acid (Aldrich) once from 
isopropanol and twice from acetone]. Solutions of the salts 
at the equivalence points were clear and colorless.
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The salts were precipitated from solution by the addition of 
acetone. Each salt was dissolved in a minimum amount of hot 
water and precipitated with acetone. This procedure was 
repeated several times for each salt before drying at 60°C 
in an oven, grinding and storage over P^O- q̂ .

The 2-cyano-2-phenylacetic acid used in the major 
portion of the kinetic studies was prepared by Barbara 
Laumeyer, who graduated from Montana State University with a 
B . S . in Chemistry in 1982. She prepared it by a method 
described in the paper of Buntqn et al. (8). Before using 
Laumeyer's "acid" I recrystallized it from benzene and 
measured its melting point (69-72°C). After a few days at 
zX-SO0C, the melting point rose to 89-92°C. Recrystallation 
once more from benzene decreased the melting point to 
69-720C. The behavior of Laumeyer's "acid" parallels that 
described by Bunton et al. (8) for the behavior of their 
preparation: "It appears that the- compound.can exist in more 
than one crystalline modification, because when the sample 
was kept at SO0 for 3 days, the melting point rose to 
89-91°. On recrystallization from benzene the melting point 
went back to 69-72°."

To further check its purity, an NMR spectrum of the 
"acid" in carbon tetrachloride was taken. The spectrum 
exhibited the peaks characteristic of an aromatic ring.and a 
singlet carbon. An additional peak, somewhat broad and in 
the 3.5-4.0 ppm region, caused some concern. Dr. Jennings
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indicated that it could arise from the acidic proton, the 
oxygens of the carboxyl group or the presence of water in 
carbon tetrachloride.

The "acid" was kept refrigerated until use.
The 2-cyano-2-phenylacetic acid used in the last part 

of the kinetic studies was prepared by saponification of its 
ethyl ester (17). The ester was prepared by slowly mixing 
1.2 equivalents of diisopropylamine, 1.1 equivalents of 
n-buty!lithium, I equivalent of benzyl cyanide and I equiva
lent of dicarbony!carbonate in anhydrous tetrahydrofuran 
under Ng at 0?C. After about four hours of stirring, the 
mixture was acidified and the ester in the top layer 
extracted with methylene chloride. The methylene chloride 
was removed by rotary evaporation and simple distillation. 
The saponification of the ester involved the gentle heating 
of the ester with I M sodium hydroxide for about 15 hours. 
The bottom layer was separated and acidified with I M 
sulfuric acid. The 2-cyano-2-phenylacetic acid was extract
ed with ether. After evaporation of the ether, the acid 
(present in a viscous oil) was solidified by cooling. After 
tour recrystallizations from benzene its melting point was 
found to be 89-90°C.
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Procedures

Kinetic Studies. The decarboxylation of 2-cyano- 
2-pheny!acetate ion supposedly follows the scheme (8):

Figures I and 2 compare the spectra of 2-cyano-2- 
phenylacetic acid ("acid") and benzyl cyanide, reactant and 
main product, respectively, of the decarboxylation reaction. 
The similarities between the two spectra are obvious. The 
major peaks are attributable to the phenyl group present in 
both substances. The decarboxylation of the "acid" is quite 
slow and it is necessary to convert it to the anionic form 
to increase the rate appreciably. Bunton et al. (8) accom
plished this by increasing the pH of the medium through the 
addition of Tris. The spectra of "acid" (in anionic form)

_ O
and benzyl cyanide (both 1.0 x IO- M) in the presence of 

_ oTris (1.7 x 10 M) are shown in Figures 3 and 4 respective
ly. Initially, we attributed the broad peak in the "acid" 
spectrum (maximum absorbance at ~2825 X) to the -COO- in the



13

Absorbance of "acid" vs. wavelength.Figure I.
acidConcentration:

Figure 2. Absorbance of benzyl cyanide vs. wavelength. 
Concentration: "BC" 2.0 x 10  ̂M.
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Figure 3. Absorbance of 2-cyano-2-phenylacetic acid vs.
wavelength. Concentration: "acid" 1.0 x 10  ̂M; 
Tris 1.7x10  ̂M.

Absorbance of benzyl cyanide vs. wavelength. 
Concentration: "BC" 1.0 x 10  ̂M;
Tris 1.7 x 10 2 M.

Figure 4.
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anion. It appeared when aqueous solutions of the "acid" 
were made basic with either Tris or NaOH. Barbara Laumeyer 
in some preliminary experiments had observed that the height 
of the broad peak decreased with time (Figure 5). Its 
utilization to follow the course of the "decarboxylation" 
seemed more advantageous than monitoring absorption at 
2350 A, the wavelength employed by Bunton et al. (8).

To test the feasibility of using the 2825 A peak in the 
kinetic studies, a series of solutions 0.10 M in DMAB, 1.7 x

_ O10" M in Tris and containing "acid" and benzyl cyanide in
various ratios (but sum of concentration of "acid" and

- 3benzyl cyanide always equal to 1.0 x 10 M) were prepared 
and their absorptions at 2825 A measured. The results shown 
in Figure 6 appear to support the procedure suggested and 
first used in this research.

Solutions used in the kinetic studies were prepared by 
mixing aliquots of stock solutions of "acid," Tris and

O
surfactant. The mixing of 4.0 ml of a 2.0 x 10 M "acid" 
solution, 2.0 ml of a 6.8 x IO"2 M Tris solution and 2.0 ml 
of a 0.40 M solution of surfactant produces, for example, a 
solution which is 1.0 x 10"^ M in "acid," .1.7 x 10 2 M in 
Tris and 0.10 M in surfactant. Solutions were stored in 
flasks suspended in a constant temperature bath between, 
absorption measurements.
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to=103 min
t,=218 min
tc=1343 min
t,=1745 min
tv=32l2 min
to=4500 min

X, A
Figure 5. Absorbance of "acid" vs. wavelength.

Concentration: "acid" 2.4xl0~3 M;
Tris 1.7 x IO"2
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The figure is based on the data in Table 7 (Appendix B , 
page 46).

' t  = 0 seconds

t = 1800 seconds

h 0.125

h 0.075

(Acid) M

Figure 6. Absorbance of "acid" vs. concentration of 
"acid".
Concentration: "acid" 1.0 x 10  ̂M;

Tris I.7x IO'2 ; DMAB 0.1.
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Organic Counterion Studies. All solutions were pre

pared by weight. The water used in solution preparation was 
pbtained by redistilling tap "distilled" water from alkaline 
permanganate. Solutions examined by light scattering were 
filtered under nitrogen pressure through an ultrafine, 
fritted Pyrex glass funnel directly into the scattering 
cell. Nearly all measurements were made with a cylindrical 
cell of 25 mm diameter. Scattering was noted at 45, 90 and 
135°. Because of the scarcity of one of the salts, a few 
measurements were made in a small rectangular cell (10 mm x 
10 mm cross-section). With this cell only 90° scattering 
measurements could be made.

Aggregation numbers were computed from the scattering 
data using programs and techniques developed at Montana 
State University (13, 14).
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RESULTS AND DISCUSSION

Kinetic Studies
The results obtained with DDBOB as a "catalyst" for the 

decarboxylation reaction are summarized in Figure 7. If the 
decrease in peak height at 2825 k with time is a true 
measure of the rate of the decarboxylation reaction, DDBOB 
behaves as an inhibitor rather than a catalyst. Assuming 
the decarboxylation to be a 1st order reaction, we calculate 
from the initial slopes of the plots the following rate 
constants.

Table 2. "Decarboxylation" of 2-cyano-2-phenylacetic acid 
in the presence of DDBOB (25°C)

Concentration of DDBOB (M) K (sec"1)
0.000 1.5 x IO"4
0.025 1.4 x IO"4
0.050 7.9 x IO"5
0.075 4.4 x IO"5
0.100 1.2 x IO"5
0.150 5.0 x IO"6

Clearly, the reaction rate decreases as the concentration of 
surfactant increases.
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The figure is based on the data in Table 8 (Appendix B, 
page 47).

Figure 7. Ln Ab of "acid" vs. time in seconds.
Concentration: "acid" 1.0 x 10  ̂M; 
Tris 1.7 x IO"2 M; DDBOB variable.
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That DDBOB is not alone in its inhibiting action is 

shown in Figures 8-13 (Appendix A) and Table 3. In all 
cases studied in this research, addition of surfactant to 
solutions containing 2-cyano-2-phenylacetic acid decreases 
the rate of "decarboxylation" relative to the rate in water.

Table 3. "Decarboxylation" of 2-cyano-2-phenylacetic acid 
in presence of various surfactants (25°C).

Surfactant
Concentration of 
surfactant (M) K CO CD O

None 0.000 1.5 X IO"4
DTMAB 0.025 1.3 X IO"4
DTMAB 0.050 7.3 X IO-5
DTMAB 0.075 3.0 X IO-5
DTMAB 0.100 1.5 X IO'5
DTEAB 0.100 7.3 X IO'6
DTPAB 0.100 7.7 X

vOIOr-H

DTBAB 0.100 6.0 X IO"6
DDMAB 0.100 1.2 X IO"5
DMAB 0.100 1.5 X h-» O I Ln

DODTMAB 0.025 1.4 X IO"5
If 0.050 7.9 X IO"5
Il 0.075 4.4 X IO*5
Il 0.100 1.2 X IO-5
Il 0.150 5.0 X IO*6
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Although the errors in the K values must be quite 

large, there is little question that the surfactants are 
inhibiting the reaction.

Since the above results contrast sharply with those of 
Bunton et al. (8), we decided to repeat some of their work 
with CTMAB as a "catalyst." The results are shown in Figure 
14 and Table 4.

Table 4. "Decarboxylation" of 2-cyano-2-phenylacetic acid 
in presence of CTMAB (33°C).

Concentration of CTMAB (M) K (sec-1)
0.000 5.3 x IO-5
0.050 1.0 x IO-5
0.075 OCM x IO-5
0.100 1.2 x IO-5
0.150 8.1 x IO"6

Again, it is obvious that the addition of surfactant is 
inhibiting and not catalytic.

Usually, reaction rates increase with temperature. 
Comparison of the rate constants at 25° and 33° from Tables 
2 and 4 indicates that the opposite is the case when 
surfactant is absent from the reaction mixture. The 
"experimental" finding probably better reflects the errors 
involved than the true situation. Bunton et al. (8)
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The figure is based on the data in Table 13 (Appendix B , 
page 53).

4,000 8,000 12,000 16,000 20,000 24,000
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k-2®6 --Q-.
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0.000 A------------ A

0.050 PI—— * - - -« - - P*)

0.075 —

0.100 ® — ------- — <3
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Figure 14. Ln Ab of "acid" vs. Time in seconds.
Concentration: "acid" 1.0 x 10  ̂M; 
Tris 1.7 x 10  ̂M; CTMAB variable.
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reported rate constants of 9.3 x 10~^ and 3.9 x 10~^ sec-  ̂
at 25° and 33.2°C for this reaction. However, these were 
not measured directly: "At lower temperatures the substrate 
is not soluble enough for accurate rate measurements in the 
absence of cetyltrimethy!ammonium bromide and the k values 
... were calculated by extrapolation (from values at 55.5, 
65.0 and 69.8»)."

Dr. Patrik Callis expressed some doubt that the broad 
absorption band centered in the neighborhood of 2800 A and 
followed in the kinetic studies is attributable to -COO"" in 
the 2-cyano-2-pheny!acetate ion. He raised the possibility 
of a charge transfer band arising from an interaction 
between the phenyl ring and the carboxylate group and 
suggested that I examine the ultraviolet spectrum of phenyl- 
acetic acid, which should be similar to that of the "acid."

As Figures 15 and 16 show, neither a water solution of 
phenylacetic acid nor a solution of phenylacetic acid in 
0.01 M NaOH exhibits an absorption band in the 2800 A 

region. This observation suggests that the Laumeyer sample 
of "acid" might have contained an impurity responsible for 
the broad absorption band. Since her "acid" sample had been 
completely utilized at this point in the research,- I decided 
to prepare a new sample. I did so using a procedure 
designed by Dr. Brad Mundy and described earlier.

The spectrum of this second "acid" sample in water and 
0.017 M Tris in presence of CTMAB is shown in Figure 17. If
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Figure 15. Absorbance of phenylacetic acid vs. wavelength 
Concentration: phenylacetic acid 1.0 x 10  ̂M; 
NaOH .10 M.

Figure 16. Absorbance of phenylacetic acid vs. wavelength_ O
Concentration: phenylacetic acid 2.0 x 10 M.
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Figure 17. Absorbance of 2-cyano-2-phenylacetic acid 
vs. wavelength.
Concentration: "acid" 1.0 x 10'^ M;
Tris 1.7 x IO'2 M; CTMAB 0.10.
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any of the absorption band at ~2800 X observed with the 
first "acid" sample is present, it is merely a vestige. The 
mass spectrum of the second "acid" sample contains peaks, 
among others, at m/e 161, 117 and 44, which one would expect

Its

melting point after four crystallizations from benzene and 
drying was 89-90uC , in agreement with the literature (8).

Before time ran completely out for me, I tried to 
measure the decarboxylation rate of the "acid" at 33°C with 
CTMAB as a catalyst by the method of Bunton et al. (8), 
i.e., by monitoring the 2350 X line. Table 14 (Appendix B) 
summarizes my observations. The fluctuation in absorbances 
discouraged any attempt to work up the data.

Unfortunately, the kinetic study raised more questions 
than it provided answers. It will take considerable 
additional work to discover the source of the ~2800 X 

absorption band and the nature of the reaction causing its 
diminution with time. A better method of following the 
decarboxylation of pure "acid" than one which monitors the 
2350 X line is needed.

The original goal of this research, i.e., to correlate 
reaction rate with the polar head structure of surfactants 
that serve as catalysts likely can be more quickly reached 
through the examination of other decarboxylation reactions,
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preferably those more easily followed experimentally.

Counterion Studies. Procedures for determining aggre
gation numbers of surfactant micelles in the presence of two 
different counterions have been developed by Anacker and 
co-workers (11, 12, and 15). When no dissymmetry is present 
in the scattered light, one measures scattering at 90° for a 
series of surfactant solutions above the critical micelle 
concentration. From the slope and intercept of the K m'/R^qo 
vs m' plot, one can then calculate a micellar charge 
and aggregation number. Surfactant molality in excess, of 
the critical micelle concentration is m'. K is defined by

K - 2II2 n2 n2 '2 W N avo X4
where n is the solution refractive index,. ^ ' is the 
specific refractive index increment of the solute, v° is the 
volume of solution at the critical micelle concentration 
that contains I kg of water, Navo is Avogodro's number and X 
is the wavelength of the light used. R^q 0 is Rayleigh's 
ratio for 90° scattering in excess of that of the solvent. 
For small particles it is the excess solution turbidity 
multiplied by 3/(16n). In summary, determination of aggre
gation numbers involves refractive index and scattering 
measurements.

Required specific refractive index increments were 
obtained from data plotted in Figures 18-20 and are. listed 
in Table 5. The Ad's in the figures refer to displacements 
of the slit image in the Brice-Phoenix differential
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0.20 0.25 0.30 0.350.05 0.10

Refractive Index measurements
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0.12 0.140.08 0.10.04 0.06

m,DTMAB in 0.25m

Figure 19. Refractive Index measurements of m,DTMAB
in 0.25m Na^CgH^O^.
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Refractive Index measurements of m.NaBr
in 0.25m Na^CgH^O^.

Figure 20.
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refractometer. Multiplication by the instrument constant, 
9.961 x 10 ^ , converts them into refractive index 
increments, i.e .,

A n  = 9.961 x 10 4 A d .

Table 5. Specific Refractive Index increments.

Solute Solvent
Solute

Refractive Index 
increment

DTMAB 0.25m, 1,2,3 0.0371 a
DTMAB 0.25m, 1,2,4 0.0371 a
DTMAB 0.25m, 1,3,5 0.0372 a
NaBr 0.25m, 1,2,3 0.0129 a
NaBr 0.25m, 1,2,4 0.0135 a
NaBr 0.25m, 1,3,5 0.0136 a
1,2,3 Water 0.0550 b
1,2,4 Water 0.0491 b
1,3,5 Water 0.0492 b

a) At CMC concentration level.
b ) At 0.025m.
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(2nd run)

(1st run)- 2X10

0.02 0.04 0.06 0.03 0.10
m ,DTMAB in 025 m

Figure 21, Scattering of DTMAB in 0.25m Na^CgHgO^.
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■ The scattering data obtained in this research is 

plotted in Figure 21. . Critical micelle concentrations 
(CMC's), calculated aggregation numbers , (AN’s), and micellar 
charges (Z) are listed in Table 6.

Table 6. Micellar parameters for decy11rimethyIammoriium 
micelles in 0.25m solutions of sodium benzene- 
tricarboxylate salts.

Counterion CMC AN Z
1,2,3 0.023 39. 14
1,2,4 0.035 52 21
1,3,5 0.048 41 5

As was true when the dianions of phthalic, isophthalic 
and terephthalic acids were used as counterions (11), the 
counterion with the greatest symmetry is associated with the 
highest CMC. The micelles are all relatively, small and 
probably best described as rough spheres. Increasing the 
charge of the organic counterion from two to three has 
little effect on the CMC and the aggregation number. We 
find, as Menger did earlier (11), that the CMC and 
aggregation number are not highly sensitive to counterion 
geometry when hydrophobicity is not drastically changed. 
Monger claims that this is "evidence for a. disorganized 
micelle surface containing water-filled grooves and fatty 
patches which do not discriminate among various geometric 
dispositions of the carboxylates about the aromatic ring."
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The figure is based on the data in Table 9 (Appendix B ,
page 49).

L-U 4,000 SM) 12.00] 14000 20',CCO 2;,00 0 2 8,000 32.000 36000 42%00
, Seconds
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Figure 8. Ln Ab of "acid" vs. time in seconds.
Concentration: "acid" 1.0 x 10  ̂M; 
Tris 1.7 x 10"2 M; DTMAB variable.
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The figure is based on the data in Table 10 (Appendix B ,
page 50).

20,000
Seconds

^DTEAB

DTPAB

DTBAB

Figure 9. Ln Ab of "acid" vs. time in seconds.
Concentration: "acid" 1.0 x 10  ̂ M;
Tris 1.7 x IO'2 M; DT AB 0.1 M.
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The figure is based on the data in Table 11 (Appendix B ,
page 51).

- 4 9  4,000 3,000 12^000 16,000 20,CCO 24,000 28,000
Seconds

Figure 10. Ln Ab of "acid" vs. time in seconds.
Concentration: "acid" 1.0 x 10  ̂ M;
Tris 1.7 x IO"2 M; DDMAB 0.1 M.
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The figure is based on the data in Table 7 (Appendix B ,
page 47).

Seconds

Figure 11. Ln Ab of "acid" vs. time in seconds.
Concentration: "acid" 1.0 x 10  ̂M; 
Tris 1.7 x IO'2 M; DMAB 0.1.
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The figure is based on the data in Table 12 (Appendix B ,
page 52).

£P00 12,000 16,000 20,000 24,000
Seconds ____________________

Figure 12, Ln Ab of "acid" vs. time in seconds.
Concentration: "acid" 1.7 x 10  ̂M;
Tris 1.7 x IO'2 M; DO-DTMAB variable.
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"120x10

DTMAB

CTMABDO-DIMAB

0.025 0.05 0.075 0.1 0.125 0.15
M1Conc -(DDBOB, DTMAB1 CTMAB1 DO-DTMAB)

Figure 13. K, rate vs M, concentration.
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APPENDIX B
(Data for the figures is given in the following tables. 
Slopes and intercepts of In absorbance vs. time plots, along 
with correlation values, as obtained by least-square calcu
lations are provided at bottoms of appropriate tables. 
Calculations are based on data above the broken lines.)



Table 7. Ab of "acid" vs. time in seconds with DMAB.

Temperature = 25°C Temperature = 25°C

Concentration: 
"acid" 1.0 x IO"3 M 
Tris 1.7 x IO'2 M

Concentration: "acid" 0.00-1.00 x IO"3 M 
Tris 1.7 x IO'2 M 5 DMAB 0.10 M

DMAB 0.10 M [Acid],M [Benzyl- Absorbance Absorbance
cyanide],M A =  2825 A A =  2825 A

Time Absorbance at at
in A = 2825 A t = 0 t = 0
seconds seconds seconds

0 0.155 0 I.OxlO"3 -0.010 -0.010
1800
3600

0.150
0.145 0.2xl0"3 O.SxlO"3 0.030 0.025

5400 0.140 0.4x10 J 0.6x10 J 0.068 0.055
7200
9000

0.135
0.135 0.6xl0"3 0.4xl0'3 0.088 0.080

10800 0.122 0.8x10 J 0.2x10 J 0.119 0.115
14400
18000
19800

0.120
0.118
0.118

I.OxlO'3 0 0.155 0.150

Intercept: -1.884
Slope: -1.5 x 10
Correlation: -0.964



48
Table 8. Ab of "acid" vs. time in seconds with DDBOB.

Concentration: "acid" 1.0 x 10"^ M;
Tris 1.7 x 10 DDBOB variable (x).

Time x=0.000 x=0.025 x=0.050 x=0.075 x=0.100 x=0.150
in ---------------------------------------------------
seconds Ab Ab Ab Ab Ab Ab

0 0.083 0.085
1800 0.061 0.061
3600 0.051 0.050
5400 0.041 0.041
9000 0.026 0.030
12600 0.020 0.020
16200 0.005 0.007
19800 0.000 0.000
m m  ~ ~
27000
28800
32400
36000
39600
61200
68400
93600
100800
162000
169200
194400
226800
244800
273600
302400
352800
363600
378000
392400

0.094 0.104 0.120 0.125— — 0.102 0.112 0.116
0.062 0.090 0.113 0.100
0.054 0.080 0.110 0.102
0.043 0.070 0.105 0.102
0.037 0.062 0.098 0.098
0.026 0.050 0.098 0.099
0.017 0.046 0.093 0.099

0.038 0.102
0.008 — —

— — 0.024 0.100
0.000 — — 0.092

0.018 0.092
0.021

0.079
0.093

0.010
0.076

0.088
0.000 0.088

0.061
0.070

0.055
0.050

0.070
0.072

0.041
0.058
0.052
0.048
0.044

Intercept: -2.420 -2.452 -2.424 -2.223 -2.143 -2.203 
Slope: -l.SxlO-4 -1.4xl0~4 -7.9xlO-5 -4.4x10'5 -1.2x10"5 -5.0x10' 
Correlation: -0.963 -0.975 -0.990 -0.991 -0.980 -0.680

Ab = Absorbance X = 2850 X, Temperature = 25°C
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Table 9. Ab of "acid" vs. time in seconds with DTMAB.
Concentration: "acid" 1.0 x IO-  ̂M;
Tris 1.7 x IO'2 M; DTMAB variable (x).

Time x
i n

=0.000 x=0.025 x=0.050 x=0.075 x=0.100
seconds Ab Ab Ab Ab Ab

0 0.083 0.085 0.108 0.085 0.093
ItiOU 0.061 0.067 0.080 0.081 0.083
3600 0.051 0.054 0.065 0.073 0.080
5400 0.041 0.039 0.053 0.078 0.075
9000 0.026 0.024 0.040 0.066 0.060
12600 0.020 0.020 0.030 0.060 0.059
16200 0.005 0.010 0.020 0.052 0.061
19800 0.000 0.006 0.026 0.040 0.059
23400 0.000 0.015 0.050 0.057 -
28800 0.010 0.034 0.050
34200 0.008 0.030 0.050
39600 0.000 0.028 0.046
68400 0.012 0.031
82800 0.000 0.028
93600 0.024
104400 0.019
115200 0.012
129600 0.003

Intercept: -2.411 -2.470 -2.458 -2.465 -2.511
Slope: -1.5x10"4 -1.3x10' 4 -7.3x10"5 -2.9xl0~5 -1.5xl0~5
Correlation: -0.963 -0.995 -0.983 -0.970 -0.932

Ab = Absorbance \ = 2825 A, Temperature = 25°C
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Table 10. Ab of "acid" vs. time in seconds with
different surfactants •

Concentration: "acid" 1.0 x IO"3 M;
Tris 1.7 x IO"2 M ; surfactant 0.100 M.

x=0.100 M x=0.100 M x=0.100 M x=0.100 M

Time
DTBAB DTEAB DTMAB DTPAB

in Ab Ab Ab Ab
seconds X = 2900A X = 2850 A x =  2825 A X = 2900 A

0 0.268 0.093 0.218
600 0.205
900 0.266
1800 0.200 0.265 0.083 0.215
3600 0.190 0.262 0.080 0.205
5400 0.188 0.260 0.075 0.203
7200 0.180 0.255 0.200
9000 0.190 0.248 0.060 0.198
10800 0.185 0.248 0.198
12600 0.185 0.059 0.195
14400 0.185 0.242 0.195
16200 0.061
19800 0.059
21600 0.240 0.192
23400 0.057
28800 0.050
34200
39600 — -  • —  — — —  — ------  W----

61200

Intercept: -1.616 -1.315 -1.280 -1.540
Slope: -6.OxlO"6 -7.3xl0“6 -I.5xl0"5 -7.7xl0“6
Correlation: -0.744 -0.988 -0.956 -0.938

Ab = Absorbance Temperature = 25°C
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Table 11. Ab of "acid" vs. time in seconds with DDMAB. 
Concentration: "acid" 1.0 x 10  ̂M;
Tris 1.7 x IO"2 M; DDMAB 0.10 M.

Temperature = 25 °C

Time
in
seconds

Absorbance 
A = 2825 A

0
900
1800
3600
5400
7200
9000
10800
12600
16200
19800
23400

0.145
0.142
0.138
0.130
0.130
0.128
0.126
0.126
0.124
0.118
0.110
0.108

Intercept: 
Slope:

-1.956
-1.2xl0"5

Correlation: -0.979
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Table 12. Ab of "acid" vs. time in seconds with DO-DTMAB.
Concentration: "acid" 1.0 x 10"^ M;
Tris 1.7 x 10"^ M; DO-DTMAB variable (x).

Time x=0.025 x=0.050 x=0.075 x=0.100 x=0.150
seconds Ab Ab Ab Ab Ab

0 0.138 0.138 0.140 0.147 0.141
1800 0.131 0.138 0.134 0.140 0.138
3600 0.135 0.140 0.137 0.133 0.134
5400 0.125 0.140 0.136 0.134 0.130
9000 0.120 0.140 0.133 0.128 0.128
12600 0.118 0.130 0.130 0.128 0.134
16200 0.116 0.123 0.131 0.128 0.125
19800 0.113 0.117 0.121 0.124 0.123
23400 0.109 0.110 0.120 0.121 0.120
zruoT — 0.110 0.110 0.105 0.116 0.115
66300 0.090
73800 0.097 0.102 0.107 0.110
95400 0.081
102600 0.093 0.100 0.100 0.107
156600 0.070
163800 0.081 0.082 0.087 0.097
185400 0.054
192600 0.063 0.069 0.073 0.078
246600 0.041 0.052 0.055 0.062
257400 0.037 0.047 0.051 0.060 0.054
271800 0.034 0.042 0.046 0.047 0.048
282600 0.030 0.037 0.042 0.040 0.042

Intercept: -2.004 -1.935 -1.970 -1.962 -1.978
Slope: I.OxlO"5 -:I.IxlO'5 -6.OxlO"6 -6.7xl0~6 -5.9xl0"6
Correlation: -0.960 -0.935 -0.935 -0.920 -0.920

Ab = Absorbance A = 2850 X, Temperature = 25°C
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Table 13. Ab of "acid" vs. time in seconds with CTMAB.
Concentration: "acid" 1.0 x IO-  ̂M;
Tris 1.7 x 10  ̂ M; CTMAB variable (x).

Time
in
seconds

x=0.000 x=0.050 x=0.075 x=0.100 x=0.150
Ab Ab Ab Ab Ab

0 0.058 0.090 0.095 0.100 0.090
1800 0.024 0.085 0.080 0.100 0.080
3600 0.24 0.088 0.080 0.102 0.087
5400 0.021 0.086 0.080 0.103 0.084
9000 0.015 0.080 0.070 0.100 0.079
12600 0.016 0.080 0.069 0.096 0.075
16200 0.015 0.078 0.065 0.085 0.070
19800 0.013 0.074 0.080 0.073
23400 0.010 0.069 0.078 0.076
27 0 00 " 0.074
30600 0.072
88200 0.051
95400 0.008 0.054 0.063 0.055
109800 0.047
117000 0.008 0.049 0.056 0.049
149400 0.042
156600 0.005 0.034 0.048 0.045
171000 0.036 0.049
178200 0.005 0.032 0.041
239400 0.030
246600 0.039
271800 0.019
279000 0.038
304200 0.010
354600 0.003 0.023 0.029 0.036

Intercept: -3.424
Slope: -5.3x10 ** -
Correlation: -0.860

-2.412 
-I.OxlO"5 ■ 
-0.968

-2.432 
-2.OxlO'5 ■ 
-0.931

-2.247 
-I.2xl0"5 ■ 
-0.923

-2.454 
-8.IxlO'5 
-0.813

Ab = Absorbance A = 2850 A, Temperature = 33.2°C
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Table 14. Ab of "acid" vs. time in seconds with CTMAB. 
Concentration: "acid" 1.0 x I O ^  M;
Tris 1.7 x IO-2 M; CTMAB variable (x).

Time x=0.000 x=0.050 x=0.075 x=0.100 x=0.150
-LU
seconds Ab Ab Ab Ab Ab

0 0.165 0.167 0.198 0.158 0.149
1800 0.160 0.128 0.169 0.146 0.130
3600 0.160 0.127 0.170 0.140 0.126
5400 0.195 0.135 0.180 0.140 0.137
7200
10800
14400

0.340 0.130 0.170
0.170

0.155
0.145
0.118

0.147
0.145
0.122

Ab = Absorbance A = 2350 A, Temperature = 33°C
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