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group and is quite likely of steric origin. The pKR of the parent 
cation is -1.2; the cation has an absorbance maximum at 500 nm 
and reacts with water with a rate constant of 102 s"1 at 25 °C.9b'15 

The introduction of the ortho-methylsulfone group decreases the 
equilibrium constant for reaction with water by a factor of 10M, 
decreases the excitation energy of the cation by 2.5 kcal/mol, and 
decreases the rate constant for reaction with water by a factor 
of 103. It is curious, but not unprecedented, that the effect on 
the rate constant is larger than that on the equilibrium constant 
for the reaction with water. 

Pertinence to Solvolysis Reaction Studies. The results presented 
here clearly indicate that variations in trapping ratios of solvolysis 
intermediates by various nucleophiles cannot be attributed to 
differing selectivities of ion pairs and free ions. There is, however, 
one point which should be made: our model ion pair is most 
probably similar to an "intimate" ion-pair intermediate. Although 
any electrostatic effect of counterion should be greater on the 
"intimate" than the "solvent-separated" ion pairs, there is evi-
dence9a'16 that the counterion of a solvent-separated ion pair can 
provide general-base catalysis for reaction of hydroxylic solvents. 

(15) R. A. Diffenbach, K. Sano, and R. W. Taft, /. Am. Chem. Soc., 88, 
4747 (1966). 

(16) H. L. Goering, R. G. Briody, and J. F. Levy, J. Am. Chem. Soc, 85, 
3059 (1963); H. L. Goering and H. L Hopf, ibid., 93, 1224 (1971). 

Considering the importance of self-association to the question 
of interpreting peptide spectroscopic data, especially in relatively 
nonpolar solvents, little quantitative work has been reported in 
the literature.3,4 We felt the present study was necessary in order 
to arrive at a proper interpretation of our own high-resolution 1H 
NMR measurements on a series of linear oligopeptides in chlo
roform.5 We report here the results of a vapor pressure osmo
metry study of Ac-L-Nva-OMe,6 r-Boc-L-Nva-OMe, Ac-L-VaI-

(1) State University of New York at Binghamton. For previous publica
tions in this series see ref 13. 

(2) University of Padova. 
(3) M. T. Cung, M. Marraud, J. Neel, and A. Aubry, Biopolymers, 17, 

1149 (1978). 
(4) K. Mizuno, S. Nishio, and Y. Shindo, Biopolymers, 18, 693 (1979). 
(5) E. S. Stevens, N. Sugawara, G. M. Bonora, and C. Toniolo, J. Am. 

Chem. Soc, following paper in this issue. 

Such catalysis is usually weak compared with the "water-
catalyzed" reaction93 and is not expected to cause large changes 
in rate, although observable effects on stereochemistry, for ex
ample, are expected. 

We believe that the majority of the trapping results are ex
plicable on the basis that the reactive anionic trapping nucleophile 
generally used in such studies reacts at diffusion-controlled rates 
with the highly reactive cations or ion pairs generated in solvolysis 
reactions. This suggestion has been implied a number of times, 
and the idea was cleverly used by Jencks17 to estimate rate con
stants for reactions of oxocarbonium ions with water from observed 
trapping ratios. Rappoport18 has pointed out that it is almost 
inconceivable that even the relatively stable benzhydryl cations 
could react with azide ion at less than diffusion-controlled rates. 
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(17) P. R. Young and W. P. Jencks, J. Am. Chem. Soc, 99, 8238 (1978. 
(18) Z. Rappoport, Tetrahedron Lett., 27, 2559 (1979). 

OMe, 7-Boc-L-VaI-OMe, Ac-L-VaI-GIy-OMe, and r-Boc-Gyl-L-
VaI-GIy-OMe. 

The principles and practice of vapor-pressure osmometry have 
been reviewed.7"9 A matched pair of thermistors is located in 
a thermally equilibrated chamber saturated with solvent vapor. 
A drop of pure solvent is placed on one of the thermistor beads; 
the other bead holds a drop of solution. Since the vapor pressure 
of the solvent in the drop of solution is lower than that of pure 
solvent, solvent vapor will condense on the solution drop at a 

(6) The abbreviations used are as follows: Ac, acetyl; r-Boc, te«-butyl-
oxycarbonyl; GIy, glycine; Nva, norvaline; VaI, valine; OMe, methoxy. 

(7) A. P. Brady, H. Huff, and J. W. McBain, /. Phys. Colloid. Chem., 55, 
304(1951). 

(8) D. E. Burge, J. Phys. Chem., 67, 2590 (1963). 
(9) T. N. Solie, Methods Enzymol., 26, 50 (1972). 
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Abstract: Activity coefficients, 7, and practical osmotic coefficients, </>, measured by vapor-pressure osmometry, are reported 
for biphenyl, benzoic acid, and six amino acid derivatives and peptides, all in chloroform solutions at 36 0C. Consecutive 
molal self-association constants are calculated from the data by attributing the osmotic nonideality to self-association. Values 
for the dimerization step are as follows: Ac-L-Nva-OMe, K2 = 1.18 nT1; Ac-L-VaI-OMe, K2 = 1.33 m-1; and f-Boc-Gly-L-
VaI-GyI-OMe, K2 = 6.59 m"1. The data for Ac-L-VaI-GIy-OMe reveal a significant concentration of trimers and give values 
of K2 = 37.7 nT1 and K} = 1086 nT2. Comparable measurements on benzoic acid yield K2 = 52.4 m"1 and Af3 = 878 m"2. 
The temperature dependence of self-association in /-Boc-Gly-L-Val-Gly-OMe was measured, providing values of AH = -27 
kJ (mol dimer)-1 and AS = -71 JK"1 (mol dimer)"1. Corollary infrared absorption data are presented as independent evidence 
of molecular association. Solutions of r-Boc-L-Val-OMe and r-Boc-L-Nva-OMe display osmotic nonidealties too small to attribute 
to self-association, as do biphenyl solutions. 
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Figure 1. Infrared absorption spectra of r-Boc-Gly-L-Val-Gly-OMe in 
CDCl3 at concentrations of (a) 0.050 M; (b) 0.015 M; (c) 2.6 X 10"4 

M. 

greater rate than on the drop of pure solvent and the solution is 
warmed relative to the solvent. In vapor-pressure osmometry 
studies departures from osmotic ideality can arise from molecular 
association, as well as from the many other factors contributing 
to nonideality.10 

Experimental Section 
f-Boc-L-VaI-OMe. (-BoC-N3 and HCl-H-L-VaI-OMe were reacted in 

anhydrous ethyl acetate by using TV-methylmorpholine to deprotonate the 
ammonium group: yield 60%; oil (from ethyl ether-petroleum ether); 
[<x]21

D = -21.2° (c = 1.1; methanol). Anal. Calcd from CnH21NO4: 
C, 57.1; H, 9.1; N, 6.1. Found: C, 56.4; H, 9.0; N, 6.2. 

Ac-L-VaI-OMe.11 This compound was prepared from acetyl chloride 
and HCl-H-L-Val-Ome in anhydrous chloroform by using N-methyl-
morpholine to deprotonate the ammonium group: yield 75%; mp 68-69 
0C (from ethyl acetate-petroleum ether); [a]21

D = -30.2° (c = 1; 
methanol); [a]21

D = -47.3° (c = 1; water). 
Ac-L-VaI-GIy-OMe. HCl-H-L-VaI-GIy-OMe12 and acetyl chloride 

were reacted in anhydrous chloroform by using iV-methylmorpholine to 
deprotonate the ammonium group: yield 51%; mp 200-201 °C (ethyl 
acetate-petroleum ether); [a]21

D = -54.2° (c = 0.5; methanol). Anal. 
Calcd for C10H18N2O4: C, 52.2; H, 7.9; N, 12.2. Found: C, 52.5; H, 
7.8; N, 12.0. 

f-Boc-Gly-L-Val-Gly-OMe.12 /-Boc-Gly-OH and HCl-H-L-Val-Gly-
OMe12 were reacted in anhydrous methylene chloride by using N-
methylmorpholine to deprotonate the ammonium group and N,N'-di-
cyclohexylcarbodiimide to activate the carboxyl group: yield 56%; mp 
149-150 0C (from ethyl acetate-petroleum ether); [a]21

D = -29° (c = 
1.2; methanol). 

The synthesis and physical properties of r-Boc-L-Nva-OMe and Ac-
L-Nva-OMe were described previously.13 The chemical purity of all 
amino acid derivatives and peptides was also checked by thin-layer 
chromatography in a variety of solvent systems. A single spot was ob
tained in all chromatograms. 

Infrared absorption spectra were recorded with a Perkin-Elmer Model 
580 spectrophotometer. The positions of the bands are accurate to ±1 
cm-1. 

Vapor-pressure osmometry data were obtained on a Model 30IA 
apparatus manufactured by Mechrolab, Inc., a division of Hewlett-
Packard, Inc., or a Model 232A apparatus manufactured by Wescan 
Instruments, Santa Clara, CA. Fisher Certified chloroform was used as 
solvent after passing through an alumina column. Benzil, from Aldrich 
Chemical Co., was used in the calibration of the osmometer to obtain the 
difference between thermistor resistances, Ai?, as a function of the 
stoichiometric molal concentration, m,. Solutions of all other compounds 
were prepared at known stoichiometric concentration, and the measured 
values of Ai? were used to read colligative concentrations, mc, from the 
calibration curve. In addition to the compounds described above, bi-
phenyl from Eastman Kodak Chemical Co. and benzoic acid, Fisher 
Certified grade, were also studied. 

Results 
Infrared Absorption Measurements. Figure 1 shows the con

centration dependence of the infrared absorption of /-Boc-Gly-

(10) J. H. Hildebrand and R. L. Scott, "The Solubility of Non-
Electrolytes", 3rd ed., Reinhold, New York, 1950. 

(11) T. H. Applewhite, H. Waite, and C. Niemann, J. Am. Chem. Soc, 
80, 1465 (1958). 

(12) D. W. Urry, W. D. Cunningham, and T. Ohnishi, Biochemistry, 13, 
609 (1974). 

(13) E. S. Pysh (Stevens) and C. Toniolo, J. Am. Chem. Soc, 99, 6211 
(1977). 
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Table I. Infrared Absorption Data (in cm"') in 
Deuteriochloroform 

io-3 

concn, 
M 

CO 
NH ., 

nrmrifi 

free H bonded ester (urethane) 

1739 1712 
a a 

-335Ow 1738 1676 
-3360w 1738 1677 

f-Boc-L-Nva-OMe 0.6 3442 
30 3441 

Ac-L-Nva-OMe 0.6 3435 
30 3435 

Ac-L-VaI-OMe 50 3435 
f-Boc-Gly-L-Val- 0.26 3450, -3370 w a a 

GIy-OMe 3430 
15 3450 sh, -3365 1748 1715 w, 

3430 1674 
50 3448 sh, -3360 1748 1710 w, 

3430 1677 sh 
1673, 

1667 
a At concentrations less than 10"3 M, a 10-cm path length cell 

was used in which case solvent absorption precludes observation 
of the C=O bands near 1700 cm"1. 

L-VaI-GIy-OMe in chloroform, at concentrations of 2.6 X 10"4, 
1.5 X 10~2, and 5.0 X 10~2 M. Other infrared data are summarized 
in Table I. 

Vapor-Pressure Osmometry Measurements. Self-association 
studies using vapor-pressure osmometry have been described 
relatively frequently in recent years, so that only a summary 
description of the method will be given here. 

It is the practical osmotic coefficient,14'15 0, that is measured 
experimentally 

0 = mjm, (D 

where mc is the colligative molal concentration and ms the stoi
chiometric molal concentration. 

The activity coefficient, 7, can be related to the osmotic 
coefficient by application of the Gibbs-Duhem equation16 to give 

In 7 = (0 - 1) + 
0 

( 0 - 1 ) 

m, 
dms 

and 

7 = mi/ms 

(2) 

(3) 

where /M1 is the molal concentration of free monomer.17,18 

Alternatively, the colligative mole fraction of free monomer, 
X1, may be computed from the experimental data19"21 

In X1 = P 
•Jo 

( 0 - D 
mc 

dm. 

where 

X1 = W1 /mc 

(4) 

(5) 

Numerical integration of osmotic data as a function of con
centration thereby gives /M1 either as a function of ms (eq 2) or 

(14) R. A. Robinson and R. H. Stokes, "Electrolyte Solutions", Academic 
Press, New York, 1959. 

(15) S. Glasstone, "Thermodynamics for Chemists", Van Nostrand, 
Princeton, NJ, 1947, pp 398-392. 

(16) G. N. Lewis, M. Randall, K. S. Pitzer, and L. Brewer, 
"Thermodynamics", 2nd ed., McGraw-Hill, New York, 1961. 

(17) P. O. P. Ts'o, I. S. Melvin, and A. C. Olson, J. Am. Chem. Soc, 85, 
1289 (1963). 

(18) P. O. P. Ts'o and S. I. Chan, /. Am. Chem. Soc, 86, 4176 (1964). 
(19) R. F. Steiner, Arch. Biochem. Biophys., 49, 400 (1954). 
(20) M. E. Magar, J. Theor. Biol, 22, 291 (1969). 
(2I)M. E. Magar and R. F. Steiner, Biochem. Biophys. Acta, 224, 80 

(1970). 
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Table II. Expansion Coefficients Obtained from Fits of 
Equations 6 and 7° 

T°C K,, m" K„m- ; 

biphenyl 
r-Boc-L-VaI-OMe 
/-Boc-L-Nva-OMe 

36 
36 
36 

0.75 
0.03 
0.54 

Ac-L-Nva-OMe 36 1.18 
Ac-L-VaI-OMe 36 1.33 
;-Boc-Gly-L-Val- 36 6.59 

Gly-Ome (45,55) (5.61,3.61) 
Ac-L-VaI-GIy-OMe 36 37.7 1086 
benzoic acid 36 52,4 878 

(45,55) (58.4,46) (363, • 0 3 : 

0 For the first three compounds the expansion coefficients, K1, 
are not attributable to association but rather reflect other contri
butions to general osmotic nonideality (see text). 

as a function of mc (eq 4). In either case we can use a series 
expansion to obtain the association constants:17"24 

or 

[TnJmx) - 1 = IK1Ynx + 3AT-3(W1)
2 + 

[JnJm1) - 1 = K1Tnx + AT3 (W1)
2 + 

(6) 

(7) 

where K1 = m2/mx
2, K3 = m3/mx

3, etc., and m2 is the molal 
concentration of dimer, W3 of the trimer, etc. 

The integral in eq 2 was evaluated by constructing a smooth 
curve through a plot of (<p - l)/ms vs. ms, followed by analytical 
integration. Generally, fits higher than quadratic were not jus
tified, given the scatter in the experimental data. That integration 
gives mx/ms, so that the left hand side of eq 6 is known as a 
function of W1. Those curves are then fit to extract the expansion 
coefficients of eq 6. 

We also treated the data by using eq 4 and 7 in an entirely 
analogous manner. In the absence of experimental scatter, the 
expansion coefficients would be independent of the method of data 
treatment; we used both methods as an internal check for con
sistency. Values of K2 obtained in the two treatments differed 
by approximately 10% and values OfAT3 by about 20%. Averaged 
values of the expansion coefficients are given in Table II. 

Discussion 

We have measured the osmotic behavior of our compounds 
relative to the osmotic behavior of the calibration benzil-
chloroform solutions. We do not assume that the calibration 
benzil-chloroform solutions behave ideally. Two totally mono-
disperse solutions may display different osmotic behavior by virtue 
of differences in other contributions to nonideality. Therefore, 
even if we were to assume that the calibration solutions behave 
ideally, we could not attribute to associations all of the observed 
differences in osmotic behavior between our compounds and benzil. 
On the other hand, it is reasonable to attribute large differences 
to associations, especially when there is independent evidence, e.g., 
from infrared absorption measurements, that associations exist. 

In the first three compounds in Table II we therefore do not 
conclude that the expansion coefficients have the significance of 
association constants. First, their osmotic behavior is very similar 
to that of the calibration solutions. Second, infrared data show 
only a single band due to free, solvated NH groups (e.g., r-Boc-
L-Nva-OMe, Table I), indicating that any association that occurs 
is below the limits of detection by infrared absorption at the 
concentrations studied. 

On the other hand, two infrared absorption NH stretching bands 
appear in the cases of Ac-L-Nva-OMe and Ac-L-VaI-OMe (Table 
I). The position of the low-frequency band indicates intermolecular 
associations. (The only intramolecularly hydrogen-bonded con-

(22) R. F. Steiner, Biochemistry, 7, 2201 (1968). 
(23) J. A. Schellman, C. R. Trav. Lab. Carlsberg, 29, 223 (1953). 
(24) J. Kreuzer, Z. Phys. Chem., Abt. B, 53, 213 (1943). 

formation those compounds can adopt is the C5 structure, in which 
case the low-frequency NH band is not observed at less than 3400 
cm"1.25) In the case of the tripeptide, ?-Boc-Gly-L-Val-Gly-OMe, 
the low-frequency NH band could be attributable to intramo
lecular hydrogen bonding, but its concentration dependence 
(Figure 1, Table I) indicates that at least part of it arises from 
self-association. We, therefore, take the expansion coefficients 
in these cases (Table II) to have the significance of association 
constants. 

The accuracy of the expansion coefficients, apart from their 
significance as association constants, is limited by the precision 
of the raw experimental data and not in the details of the curve 
fitting we use.20,21 The main uncertainty lies in the extrapolation 
of the (<t> - l ) /w s values or (<t> - l ) /w c values back to zero con
centration, which is required in evaluating the integrals in eq 2 
and 4. Obtaining data of acceptable reproducibility is difficult 
at concentrations much less than 0.01 M. Two methods of data 
analysis were used (see above) as a check on internal consistency 
and were used in order to give a realistic estimate of the accuracy 
of the expansion coefficients. Average values of the two treatments 
are given in Table II and should be understood to represent the 
actual expansion coefficients to within ±10% for K1 and ±20% 
for AT3. Compared to these uncertainties other limits on the 
accuracy are small, e.g., standard deviations of the actual fits and 
sample purity. 

Therefore, the interpretation of the data in Table II in terms 
of association constants is to be understood in light of the above 
discussions, i.e., the attribution of osmotic nonideality to asso
ciation, the model of associations as successive addition of mo
nomers, and the experimental scatter of data points. 

Our results (Table II) show a dependence of the association 
constants on N blocking group and on chain length. In the case 
of the compounds Ac-L-Nva-OMe and f-Boc-L-Nva-OMe, we had 
earlier interpreted13 the difference in temperature dependence of 
NH chemical shift at 0.3 m concentration in CHCl3 in terms of 
Ac-L-Nva-OMe being more prone towards aggregation than t-
Boc-L-Nva-OMe, and the present data now justify that inter
pretation. 

Large association constants are observed for the dipeptide, 
Ac-L-VaI-GIy-OMe, and tripeptide, /-Boc-Gly-L-Val-Gly-OMe. 
A chain-length dependence is easily accounted for in terms of an 
increase in the average number of intermolecular hydrogen bonds 
formed as the chain increases. (One must speak of the average 
number of hydrogen bonds in the aggregated species, since not 
all aggregates need be held together with the maximum number 
of bonds possible). The dipeptide, Ac-L-VaI-GIy-OMe, has a 
greater disposition towards aggregation than the tripeptide t-
Boc-Gly-L-Val-Gly-OMe presumably because of a dependence 
on the N-blocking group. 

Our treatment of osmotic pressure data is more general than 
has often been carried out. Typically,17'18,26"29 two restricted 
association models have been presumed and then tested to de
termine which describes the experimental data better. In the first 
model, only dimerization is considered; i.e., K2 = ATd; Kn = 0, n 
> 2. In that model, the dimerization association constant, ATd, 
is given simply by Kd - (1 - 4>)/[ms(24> - I)2]. In the second 
model, multiple associations are presumed to form with all con
stants, Kn, equal, in which case the single polymerization constant, 
ATp, is directly obtained from the experimental data as K? = (1 
- 4>)/(ms4>2). When only these two models are used, the one which 
shows the greater consistency with the data, i.e., independence 
of either Kd or ATp over a greater range of concentration, is usually 
selected as describing the system better. For weakly associating 
compounds the dimerization model would of course give a good 
representation of the association process. In most of the com-

(25) F. R. Maxfield, S. J. Leach, E. R. Stimson, S. P. Powers, and H. A. 
Scheraga, Biopolymers, 18, 2507 (1979). 

(26) T. N. Solie and J. A. Schellman, J. MoI. Biol., 33, 61 (1968). 
(27) A. D. Broom, M. P. Schweizer, and P. O. P. Ts'o, J. Am. Chem. Soc, 

89, 3612 (1967). 
(28) J. F. Coetzee and R. Mei-Shun Lok, /. Phys. Chem., 69, 2690 (1965). 
(29) E. E. Schrier, /. Chem. Educ, 45, 176 (1968). 
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Figure 2. Osmotic activity coefficients as a function of stoichiometric 
concentration: r-Boc-L-Nva-OMe (BN); biphenyl (Bip); Ac-L-Nva-OMe 
(AN); f-Boc-Gly-L-Val-Gly-OMe (GVG); Ac-L-VaI-GIy-OMe (VG); 
and benzoic acid (BA). 

pounds we examined, for example, the self-associations which form 
are simple dimers at concentrations below 0.05 m. For more 
strongly associating compounds, e.g., Ac-L-VaI-GyI-OMe or 
benzoic acid in CHCl3, neither the dimerization model nor the 
multiple association model with equal consecutive association 
constants would give an accurate description of the associations. 
The general treatment we use here, similar to that used by Steiner 
and Magar19"22 for nucleoside association, is not especially la
borious and generates a more complete picture of the association.30 

In Figure 2 we present our results in terms of the activity 
coefficient displayed as a function of stoichiometric concentration 
calculated from eq 3 and 6. Since the activity coefficient is the 
ratio of free monomer to total stoichiometric concentration, the 
figure is a clear representation of the relative importance of as
sociated species in the compounds we studied. For example, in 
a 0.02 m solution of Ac-L-VaI-GIy-OMe, half of the peptide 
molecules are in aggregated forms (at 36 0C). On the other hand, 
Ac-L-Nva-OMe has only a slight tendency to aggregate, and the 
osmotic nonidealities of biphenyl and of r-Boc-L-Nva-OMe so-

(30) We are aware that reference to trimeric benzoic acid is usually not 
made. According to our data this species is not negligible, even though it is 
in small concentrations. For example, at a stoichiometric concentration of 
0.02 m, 95% of the colligative species are either the monomer (63%) or dimer 
(32%), and the remaining 5% are trimers. Any higher molecular weight 
species which might have been present at even smaller concentrations (e.g., 
less than 1%) would not have been detected in this experiment. We also point 
out that the presence of trimers or higher molecular weight species would not 
be demonstrated in any simple spectroscopic experiment, since, whatever the 
molecular weight, there would by only two types of carboxyl groups, hydrogen 
bonded and free; thus, IR might well display only two bands, and NMR 
display only two chemical shifts. Furthermore, the formation of a trimer is 
easily pictured as being formed when an oper dimer (i.e., a noncyclic dimer) 
hydrogen bonds with a third monomer. 

(31) V. Renugopalakrishnan, Md. Abu Khaled, K. Okamoto, and D. W. 
Urry, Int. J. Quant. Chem., Quant. Biol. Symp., 4, 97 (1977). 

(32) Md. Abu Khaled, D. W. Urry, and K. Okamoto, Biochem. Biophys. 
Res. Commun., 72, 162 (1976). 

lutions are so small as to not allow the nonidealities to be attributed 
to aggregation. 

The temperature dependence of f-Boc-Gly-L-Val-Gly-OMe 
dimerization gives values of AH = -27 kJ (mol dimer)"1 and AS 
= -71 J K"1 (mol dimer)"1. These values are within the range 
of expectation,4'29 but there are no data in chloroform with which 
to make comparisons. 

Infrared absorption data provide evidence for the existence of 
self-associated species when there is a concentration dependence 
in the bands attributable to free and H-bonded NH groups. If 
one assumes equal oscillator strengths, then the areas of the 
H-bonded (An) and free (A?) NH bands can be related to the 
relative proportions of the two types of NH group, but the validity 
of that assumption is generally not known. On the other hand, 
the relative concentrations of H-bonded and free molecular species 
can be calculated from our association constants measured 
thermodynamically. For /-Boc-Gly-L-Val-Gly-OMe our value of 
K2 at 36 0C and our calculated AH, assumed constant over the 
relevant temperature range, give AT2 = 11.7 m"1 at 20 0C, the 
temperature of the infrared measurements. For ms values of 0.010 
and 0.034 m (corresponding to molar concentrations of 0.015 and 
0.050 M used in the infrared absorption measurements), this value 
of K2 gives activity coefficients of 0.836 and 0.657, respectively, 
from which the percentage of molecules hydrogen bonded can 
be calculated from Im2Jm5 to be 16% and 34%, respectively, at 
the two concentrations. Values of An/(AH + Af) from the data 
in Figure 1 are 22% and 46%. These numbers indicate the 
percentage of NH groups hydrogen bonded. The higher figures 
from the infrared data are understandable on the ground that there 
may be (and probably are) more than one H-bonded NH group 
for each associated species. 

Some of the compounds examined here have already been the 
object of conformational studies by 1H NMR in chloroform so
lutions.31,32 A discussion of this specific point is fully developed 
in ref 5 (following paper in this issue). 

In conclusion we wish to emphasize the significance and the 
limitations of our results and the method we applied. (1) Asso
ciation of peptides in chloroform can be substantial at concen
trations as low as 10 mM. (2) Independent evidence for asso
ciation, e.g., by infrared absorption spectroscopy, is necessary 
before osmotic nonidealities can be attributed to association. (3) 
Quantitative measurements of association in chloroform can be 
obtained by osmometry; other contributions to nonideality can 
be minimized by working at as low concentrations as possible, 
compatible with acceptable reproducibility. (Higher concentra
tions would decrease uncertainty in K values, but also increase 
the potential role of other contributions to nonideality; we consider 
our concentrations to be optimal.) (4) Additional measurements 
on peptides will be necessary before general trends and conclusions 
can be established concerning the dependence of association on 
chemical structure. 
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