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transition temperature. Disorder is introduced at higher 
temperatures, perhaps via the presence of a single bond in a 
gauche state6 or a /3-coupled gauche kink.7 More extensively 
disordered states are also likely to be present. Three rotational 
states for each single bond about which rotation can occur 
would dictate 1025 configurations for unperturbed tristear-
in. 

Configurational properties for unperturbed molecules which 
possess such a large number of configurations are most con
veniently handled using rotational isomeric state theory.8'9 This 
approach would be most appropriate for the bulk amorphous 
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Figure 1. Structure of triacetin. Hydrogen atoms have been omitted. 
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Figure 2. View along the following bond vectors: (a) 1I3 when 0° 
(trans state), (b) 2I1 when 2<t>\ 
(trans state). 

• 0° (trans state), (c) 3I1 when 30, = 0° 

Table I. Bond Lengths and Angles 

bond length, A 

C-C 1.51 
C-C 1.50 
C-O 1.44 
C-O 1.35 
C-O ' 1.20 

bond angle, deg 

ZCCO' 126.3 
ZOCO' 122.3 
ZCOC 116.7 
ZCCC 114.7 
ZOCC 106.4 

lipid or for the lipid when present in an ideal solution. Biolog
ical membranes are not likely to precisely fulfill either of these 
conditions. However, the configurational properties deduced 
by rotational isomeric state theory for the unperturbed state 
should serve as an instructive approximation to the lipids when 
they are above the transition temperature. Certainly the un
perturbed state is more relevant than the crystalline state at 
such temperatures. A major difficulty in the development of 
a satisfactory rotational isomeric state treatment of lipids 
derived from glycerol is presented by the glycerol moiety itself. 
It is most conveniently viewed as containing a trifunctional 
branch point, requiring utilization of rotational isomeric state 
theory in the form appropriate for branched molecules.10'11 

Our present objective is to describe a rotational isomeric state 
treatment of triacetin which provides agreement with the ob
served dipole moment, optical anisotropy, and molar Kerr 
constant. 

Conformational Energy Calculations 

Structure. The triacetin molecule, depicted in Figure 1, 
consists of three branches which meet at the 8 carbon atom of 
the glycerol moiety. That portion bonded to the branch point 
via a C-O bond is designated as branch 1, the remaining two 
branches being 2 and 3. Chain atoms, bond vectors, and di
hedral angles are numbered consecutively within each 
branch.10 Numbering for branch 1 commences at the end re
mote from the branch point; for the other two branches num
bering commences at the branch point. Atom, bond vector, and 
dihedral angle ;' in branch j are denoted by jAit j \ t , and _,•$,•, 
respectively, and rij is the number of bonds in branch/ Atoms 
in the carbonyl group are denoted by primes. A single subscript 
is used for the carbonyl oxygen atom. Bond lengths and bond 
angles are those found in crystalline /3-tricaprin12 (Table I). 
The C-H bond length was taken to be 1.00 A. 

Potential Functions. The 6-12 potentials were formulated 
as for poly(L-lactic acid).13 Torsional potentials for C-O and 
C-C bonds were those used for poly(L-lactic acid)13 and 
polymethylene,14 respectively. Electric dipole moments for the 
ester groups were assigned a magnitude of 1.77 D and an angle 
d„ with the C-C bond (Figure 1). The probable range for 0„ 

is 60-80°.15 Electrostatic energies were evaluated in the mo-
nopole approximation, using a dielectric constant of 2-5.13 

Partial charges were selected which reproduce the magnitude 
and assigned orientation of the ester group dipole moment. 

Rotational States. Ester groups were maintained in the 
planar trans conformation d02 = i4>2 = 3<t>3 = 0°) because of 
the high energy of the cis conformation.'6 

Figure 2(a) shows a view along ]l3. The trans (t) state for 
this bond is defined as the low-energy region where iCj', 1O2, 
1C3, and 2C1 are nearly coplanar trans, while the gauche+ (g+) 
state is produced when the first three of these atoms and 3C1 
are nearly coplanar trans. Values of 0 and 122.7° would be 
assigned to i</>3 for these states if precise coplanarity was de
manded. Such circumstances produce an interatomic distance 
of only 2.65 A for !0 ' and either 3C1 or 2C1. Nonbonded in
teraction of carbonyl oxygen atom and methylene group is 
nearly 4 kcal/mol at this separation. Repulsion can be reduced 
by an increase in i03 for the t state or a corresponding decrease 
for the g+ state. No relief is possible in the g~ state, as is evident 
from inspection of Figure 2(a). These considerations cause 
dihedral angles of A1,122.7° - A1, and 241.35° to be assigned 
to t, g+, and g_ states (A) is positive). 

A view along 2li is shown in Figure 2(b). The trans state is 
obtained when 1O2, 1C3, 2C1, and 2O2 are nearly coplanar 
trans. An internuclear separation of 2.92 A is obtained for 2O2 
and 3C1 when this group of atoms is precisely coplanar. Relief 
from the small repulsive interaction is obtained by placing the 
trans state at 2<t>\ — ~A2 (A2 is positive). Similar consideration 
of the interaction of 2O2 and 3O2 in the g - state suggests that 
2̂ >i for this state should be displaced by A3 from the value 
which produces a trans arrangement for 2O2,2C1,1C3, and 3C1. 
These considerations locate t, g+, and g~ states for 2̂ 1 at -A2, 
121.35° + A2 - A3, and 242.7° + A3. The zero for 30, is ob
tained when 1O2,1C3,3C1, and 3O2 are planar trans. The t, g+, 
and g - states are located at A2, 117.3° - A3, and 238.65° -
A2 + A3. 

Figure 2(c) presents the view along fo. Interaction of 1C3 
with 20' in the g* states is similar to that described in con
junction with the t and g+ states for the last bond in branch 1. 
Rotational states for the second bond in branches 2 and 3 
therefore occur at 0° and ±(122.7° - A,). 

Figure 3 depicts the manner in which conformational energy 
depends on i03 and 20i- Location of the six minima suggests 
A, = 20-30°, A2 = 5-10°, and A3 = 0-5°. The g~ state is 
untenable for the last bond in branch 1 because of the inability 
to relieve severe steric interaction of iO' with both 2Ci and 3C1. 
This conclusion is in harmony with conformational energy 
surfaces reported by McAlister et al.17 for the analogous 
portion of a lecithin. The essential features of Figure 3 are not 
significantly modified by reasonable changes in dielectric 
constant or orientation of the ester group dipole moment. 
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Figure 3. Conformational energy for triacetin as a function of \4>i and 2<t>\ 
(e = 3.5, 6^ = 80°, and 202 = 3$i = 302 = 0°). Contour lines are drawn 
at 1, 2, and 5 kcal/mol above the minimum energy, which occurs at the 
site denoted by X. Energies in the vicinity ofi03 = 240° are 10 kcal/mol 
or more above that found at X. 

Statistical Weight Matrices. The configuration partition 
function, Z, is generated in the manner appropriate for a 
molecule containing a single trifunctional branch point.10 

z = ,U1(
3H2U1 e 3U1)K2U2W) ® (3U2W)] (i) 

The statistical weight matrix for bond i in branch j is _,-U/, 
symbolism of the type JU1*

3' denotes the product of three 
successive statistical weight matrices, commencing with iU|,8 

(g) denotes the direct product, and 2Ui 8 3U1 denotes the rec
tangular matrix defined in ref 10. For triacetin 1U1 = ]U2 = 
1. Deletion of the untenable g~ state leaves two states, t and 
g+, for the last bond in branch 1. The symmetry of triacetin 
dictates equal statistical weights for the t and g+ states, 
yielding 

, U 3 = [ I 1] (2) 

Atoms which participate in first-order interactions embodied 
in 2U, are shown in Figure 2(b). The t, g+, and g~ states find 
2 0 2 participating in an interaction with 3C1, with both ,O2 and 
3C1, and with ,O2, respectively. The difference in energy of the 
g~ and t states ranges from —0.3 to 1.0 kcal/mol when 0M = 
60-80° and A2 and A3 are confined to their probable ranges. 
The stability of the g~ state may be underestimated because 
the potential functions used cannot account for the first-order 
interaction of oxygen atoms in poly(ethylene oxide).18,19 We 
shall use <r, for the statistical weight of the t state, and estimate 
the corresponding energy to lie in the range ±1 kcal/mol. The 
statistical weight of the g+ state relative to the g~ state is <r2. 
Energies in the g+ state exceed those in the g~ state by 0.3-1.2 
kcal/mol when 0M = 60-80° and A2 and A3 are restricted to 
their probable ranges. 

A second-order interaction occurs between 2 0 2 and , 0 ' 
(and, to a lesser extent, |C,') when ,$3,2(/>, are in the g+g~ 
state. Variation of A, and A3 over their probable ranges causes 
the 2 0 2 - , 0 ' distance to vary from 2.25 to 2.57 A, while the 
range for the 2 0 2 - ,C, ' distance is 2.65-2.84 A. Nonbonded 
interactions are repulsive for each interacting pair over the 
pertinent ranges. The total energy ranges from 1.3 to 9 kcal/ 
mol, and gives rise to the statistical weight denoted w,. These 
considerations permit the formulation of 2U, as 

2U1 = [ ^ °2 1 I (3) 
L (T, (T2 O) ]J 

Several interactions whose statistical weights occur in 3U, 
have already been discussed in connection with 2U,. Additional 
interactions may occur between 3O2 and 2 0 2 when 2c/>i. 3<£i are 
in the tt or g+g_ states. The separation in the tt state is 
2.66-2.78 A and that in the g+g~ state is 2.50-2.69 A when 
A2 and A3 are varied appropriately. Nonbonded and electro
static interactions are repulsive under these circumstances, 

giving rise to statistical weights u>2 and o>3 with estimated 
energies of 0-1 and 0.3-3 kcal/mol, respectively. Equation 4 
presents the final expression for 2U, 8 3U,. 

2U, 03U, = 

[ CTJ 2 O) 2 CT]Wl <J\d2 d\C!2 CT2COl CT2
2O)3 d\ O)J 02 "I 

CT]2O)2 U] CTlCT2 CTl(T2 02 Cr2
2a>3 CT]O)I O)] CT2O)]J 

(4) 

Atoms involved in interactions which depend only on 2c>2 are 
shown in Figure 2(c). The most important interactions in the 
g* states are between 1C3 and its attached hydrogen atom and 
both 2C3r and 20' . A contribution also arises from the torsional 
potential. The magnitude of individual interactions ranges 
from —0.1 to 0.5 kcal/mol for the appropriate values of Ai. In 
aggregate the estimated energy might be as large as 1 kcal/ 
mol; the statistical weight is C3. Four combinations of 2c/>i and 
2<t>2 (tg~, g+g*, g~g+) produce interactions between 2 0 ' and 
either ]02 or 3C]. Atom 2C3' participates in these interactions 
to a lesser extent. Calculated energies range upward from 2 
kcal/mol. The statistical weight for these second-order inter
actions is 0)4. This interaction also occurs when 3c6] and 3C>2 are 
tg+, g+g~, or g~g±. Complete expressions for 2U2 and 3U2 
are 

0-3 

CT3OM 

CT3O)4 

(730)4 

ff3 

CT3O)4 

CT3O)4 

CT3O)4 

CT3 

<T3 

ff30>4 

<T30)4 

Remaining statistical weight matrices for triacetin are 2U3 = 
3U3 = COl(I, 1, l)and2U2 = 3U4= 1. 

Third-order interactions can be generated by appropriate 
combinations of three successive dihedral angles. Necessary 
pairs of consecutive dihedral angles are suppressed by inter
actions considered above. 

Configuration-Dependent Properties 
Dipole Moment. Experimental values for the mean-square 

dipole moment, (n2), are in the range 7.3-8.2 D2 for tripal-
mitin and tristearin in benzene.20-23 Slightly higher values, 
8.6-8.9 D2, were obtained in dioxane.22'23 These results en
compass a range of 8.1 ±0.8 D2. This range will be assumed 
to apply also to triacetin because the dipole moment arises from 
the ester groups, and the relative orientations of the esters in 
the unperturbed state should be arises from the ester groups, 
and the relative orientations of the esters in the unperturbed 
state should be unaffected by lengthening of the hydrocarbon 
portion of the acyl groups. 

The mean-square dipole moment could be calculated using 
generator matrices constructed according to eq 39 of ref 11. 
We prefer to evaluate /12 for each of the 162 configurations and 
then average according to the statistical weights just described. 
This procedure permits evaluation of the distribution for n2 

as well as (^2). For each configuration n2 is obtained as nTn, 
where /1 is the vector obtained by appropriate summation of 
the ester group dipole moment vectors, and nT is the transpose 
of 11. 

Optical Anisotropy. Measurements of depolarized Rayleigh 
scattering24'25 at 632.8 nm (He-Ne laser) were carried out at 
25 ° C for carbon tetrachloride solutions containing volume 
fractions of triacetin (Sigma Chemical Co.) ranging from 0.10 
to 0.50. Apparent values, (72)app, were obtained at each 
concentration after correction for induced scattering on the 
basis of depolarized Rayleigh scattering intensities observed 
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Table H. Summary of Parameters" 

parameter ref value 

£„ , - 0 .5 
Ea1 1.1 
ECi 0.2 
Em 2.0 
EW2 0.0 
£„ 3 2.0 
E111, 2.0 
A, 20 
A2 5 
A3 0 
0M 82 

ea o 
Tec 0.54 
Aa 0.48 
Aa t 1.22 

probable range 

+ 1 
0.75 ± 0.45 
0.7 ± 0.3 
1.3< 
0.5 ±0.5 
0.3< 
2< 

25 ± 5 
7.5 ±2.5 
2.5 ±2.5 

70 ± 10 
0 ± 10 
0.54 ± 0.05 
0.45 ±0.10 
1.35 ±0.05 

effect of variation* 
(M2) 

- 0 . 4 
0.5 

- 2 . 8 
0.0 
0.1 
0.0 
0.0 

- 0 . 7 
-0 .1 

0.0 
1.6 

<Y2> 

- 0 . 9 
0.1 

-0 .1 
0.0 

- 0 . 6 
0.0 
0.0 

-0 .2 
-0 .1 

0.0 

0.1 
0.0 
0.7 
0.6 

(mK) 

2.7 
0.0 

-1.4 
0.0 
1.1 
0.0 
0.0 

-1.1 
0.1 
0.1 
1.0 
0.3 
0.0 

-1.9 
0.6 

" Energies in kcal/mol, angles in degrees, components of polariz-
ability tensors in A3, (^2) in D2, (y2) in A6, and (mK) in 1010 cm5 

statvol-2 mol-1. * Change in (^2), (y2), or (mK) when the indicated 
parameter is varied over the range denoted by column 3, all other 
parameters having the value in column 2. A negative sign is present 
if <M2>, <72>, or (mK) decrease when the variable parameter in
creases. 

using two interferometric filters with bandwidths of 18 and 53 
cm-1. Attenuation factors for the central component (intrinsic 
or rotational component) were set equal to unity.26 Intrinsic 
molecular anisotropy was evaluated by extrapolation of (72)app 
to infinite dilution, giving (y2) = 3.8 ± 0.3 A6. 

Each configuration has y2 given by 

y2 = 1.5 trace (Sect) (7) 

where a is the anisotropic part of the polarizability tensor for 
triacetin in that configuration. This tensor can be obtained 
as 

a = a? + £ T/OMAT,-T - 3 aCH4 
; - l 

(8) 

where subscripts P, MA, and CH4 refer to propane, methyl 
acetate, and methane, respectively. The carbon atoms in pro
pane will become the carbon atoms of the glycerol moiety. 
Three molecules of methyl acetate are rotated so that they have 
the geometric relationship to propane which the ester groups 
have with respect to the glycerol moiety in triacetin. This 
transformation is achieved using the T„ whose construction 
depends on the configuration for which a is desired. Addition 
of &p and the three transformed «MA. followed by subtraction 
of tensors for three molecules of methane (which is isotropic), 
yields a for triacetin in the desired configuration. Anisotropic 
parts of the polarizability tensor for propane and methyl ace
tate are 

a? = r c c diag (0.75, -0.08, -0.67) (9) 

&MA-(Aa /3 )d i ag (2 , - l , - l ) 
+ (Aa+/2) diag (0, 1,-1) (10) 

The coordinate system in which ap is expressed has its x axis 
through the terminal carbon atoms and they axis in the plane 
of the three carbon atoms. Depolarized Rayleigh scattering 
of H-alkanes requires Tec = 0.54 ± 0.05 A3.24 The coordinate 
system in which &MA is expressed has its x axis along the C-C 
bond and the y axis in the ester plane.27 Rotation of the prin
cipal axes in the ester plane is denoted by da. Measured y2 and 
molar Kerr constants for methyl acetate are reproduced with 
6a close to zero, Aa = 0.45 ± 0.10 A3, and Aa* = 1.35 ± 0.05 
A3.27 Of course, AcH4 is diag (0, 0, 0). Averaging of the 162 
y2 to yield (y2) is accomplished as for (^2)-

i 
..A" 

Figure 4. Sensitivity of <M2>, <72>,and (mK) to the assignment of Ai. All 
other parameters have their reference values. The probable range for Ai 
is denoted by a horizontal bar. Vertical bars correspond to the range of 
measured values. They are drawn at the reference value for Ai. 

Molar Kerr Constant. Electric birefringence of carbon tet
rachloride solutions was measured at 25 0C using radiation 
from a He-Ne laser (632.8 nm); volume fractions of triacetin 
ranged from 0.03 to 0.13. The molar Kerr constant, (mK), at 
infinite dilution is given by26,28 

(mK) = 54M(n2 + 2)-2(« + 2 ) - 2 

xflimtAB/m) + F0A0I (11) 
Lm-O J 

where n, e, V0, and B0 are respectively the refractive index, 
dielectric constant, molar volume, and electric birefringence 
of the solvent; AB = B - B0 is the difference in birefringence 
between a solution of molar concentration m and that of the 
pure solvent. The result of this extrapolation is (mK) = 2.75 
± 0.25 X 10-10 cm5 statvol-2 mol-1. 

The molar Kerr constant for each configuration of triacetin 
is obtained from8 

mK = (2TNA/\5kT)[firan(kT)-^ + (2 .2 /3 )Y 2 ] (12) 

Here n and a are expressed in the same coordinate system, and 
it is assumed that the static polarizability tensor is 10% larger 
than the optical polarizability tensor. Averaging is accom
plished as for (ix2) and (y2). 

Influence of the Location of Rotational States. Orientation 
of the Ester Group Dipole Moment, and Composition of the 
Anisotropic Part of the Polarizability Tensor 

Calculations require assignment of values to the parameters 
listed in Table II. Sensitivity of (M2>, (T2),and (mK) to the 
assignments is best presented by first defining a reference set 
of values (second column of Table II). This set yields (j*2) = 
7.86 D2, (y2) = 3.83 A6, and (mK) = 2.86 X 10 -10 cm5/ 
statvol2 mol, in excellent agreement with the experimental 
values of 8.1 ± 0.8 D2, 3.8 ± 0.3 A6, and 2.75 ±0.25 X 10 -10 

cm5/statvol2 mol. 
Location of Rotational States. Consequences of variation 

in Ai are depicted in Figure 4 and summarized in Table II. The 
molar Kerr constant is particularly sensitive to Aj. Experi
mental values for (ix2) and (mK) are best reproduced if A| is 
placed at the lower end of its probable range. Little conse
quence attends adjustments of A2 and A3 (Table II). 

Orientation of the Ester Group Dipole Moment. Dependence 
of (M2> and (mK) on 0M is depicted in Figure 5. The mean-
square dipole moment and molar Kerr constant increase as 0M 
increases. Reproduction of experimental values requires that 
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Figure 6. Effect of variation in Aa on (y2) and (mK). 
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Figure 7. Effect of variation in A«f on (y2) and (mK). 

B11 be large. The reference value adopted lies slightly above the 
estimated probable range. However, 0M as low as 75° produce 
dipole moments and molar Kerr constants within the experi
mental range. 

Anisotropic Part of the Polarizability Tensor. Variation of 
r C c within its probable range has little consequence (Table 
II). Computed results are insensitive to the uncertainty in op. 
In contrast, computed molar Kerr constants are particularly 
sensitive to reasonable variation in Aa and AaT (Figures 6 and 
7). Calculated molar Kerr constants are too large if Aa+ is 
restricted to its probably range. However, a slight decrease in 
AaT causes it to move into the experimental range. Optical 
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Figure 8. Distributions for JX1 when all configurations are weighted equally 
(dashed lines) or according to the reference statistical weights (solid 
lines). 

anisotropies are also sensitive to Aa and Aa*, but less so than 
is the molar Kerr constant. Values of Aa and AaT which re
produce the experimental {mK) also provide agreement with 
the experimental {y2). Small rotations of the principal axes 
in the plane of the ester group have little effect on {y2) and 
{mK). 

The most important of the adjustable parameters considered 
in this section are O11, Ai, Aa, and AaT. The reference values 
for 0M and Ai were required in order to prevent the computed 
in2) being lower than that attained experimentally. Subse
quent assignment of Aa and 5a^ is governed primarily by the 
need to bring the calculated molar Kerr constant into the ex
perimental range. 

Distributions for n2, y2, and mK if All Configurations Were 
Equally Probable 

Individual configurations have ju2 of 1.4-23.0 D2. The latter 
result is close to the upper limit of 28.2 D2 which would be 
attained if the three ester group dipole moments had identical 
orientations. The distribution for /u2 is presented as the dashed 
line in Figure 8. Its maximum occurs at 4 D2. Nearly half 
(44%) of the configurations have i*2 < 5 D2. A similar fraction 
(43%) is spread over the range 12 ± 5 D2. Equal weighting for 
all configurations yields (^2) = 8.15 D2, which is within the 
range of values attained experimentally. 

A range of 1.0-10.7 A6 is encompassed by y2 for individual 
configurations. The distribution is shown as the dashed line in 
Figure 9. A range of 2.5 ±1.5 A6 accounts for % of the con
figurations. Only 4% have y2 > 8 A6. Equal weights for all 
configurations yields (y2) - 3.61 A6, which is within the range 
found experimentally. 

Molar Kerr constants for individual configurations range 
from —8 to 25 X 1O-10 cm5/statvol2 mol. Large values are 
attained in the configurations with the largest n2, i.e., those in 
which the three ester groups have nearly identical orientations 
in space. Slightly more than % of the configurations have mK 
= 3 ± 6 X 10~10 cm5/statvol2 mol (dashed line in Figure 10). 
The average value is 4.3 X 10~10 cm5/statvol2 mol, which 
exceeds the experimental result. 

Consequences of the Statistical Weights 
Figure 11 presents the manner in which variation in the 

energy associated with a\ affects (n2), {y2), and {mK). 
Trends are susceptible to rationalization through reference to 
Table III. The six most probable configurations have statistical 
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Figure 9. Distribution for y2 when all configurations are weighted equally 
(dashed) or according to the reference statistical weights (solid). 
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Figure 11. Effect of variation in Ec\ on (^2), (Y 2) , and (mK). 
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Figure 10. Distributions for mK when all configurations are weighted 
equally (dashed) or according to the reference statistical weights 
(solid). 

Table III. Summary of the 16 Most Prevalent Configurations" 

statistical weight 

(Tl2CO2 

CTl2CT3CO2 

CTl2CT3CO2 

CTl2CT3
2CO2 

C l 

CTlCT3 

CTlCT3 

CTlCT3
2 

statistical 
weight/Z* 

0.107 
0.076 
0.076 
0.054 
0.046 
0.033 
0.033 
0.023 

M2 

1.6 
4.7 
9.3 

22.9 
2.0 
4.6 

11.6 
22.2 

7 2 

4.2 
7.5 
1.3 
4.3 
2.4 
4.3 
1.9 
2.6 

mK 

0.3 
-0.9 
-8.1 
22.5 

1.6 
1.1 
2.5 

22.0 

" There are two configurations for each entry. Units are D2 for n2, 
A6 for Y2, and 1010cm5 statvol-2 mol-1 for mK. b Ratio of the sta
tistical weight to the configuration partition function, using the ref
erence set of conformational energies and T = 298 K. Summation of 
the 16 statistical weights accounts for 90% of the configuration par
tition function. 

weights of <J]2W2 or en 2C3O .̂ Their n2 and y2 lie on either side 
of the average value, causing (fi2) and (y2) to vary little with 
Ea\. The molar Kerr constants for these same six configura
tions are either essentially zero or negative. Consequently 
(mK) increases as E„\ increases (Figure 11). The experi
mental (mK) requires that Ea, be negative. A value of -0.5 
kcal/mol is selected as the reference value. 

Calculated (^2) and (mK) are extremely sensitive to Ea3, 
as shown in Figure 12. Four of the 16 configurations listed in 
Table III have statistical weights which include cr3

2. These 
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Figure 12. Effect of variation in £„3 on (^2), <72>, and (mK). 

configurations are characterized by large values of fi2 and mK. 
Hence (^2) and (mK) decrease rapidly as E^ increases from 
zero. Experimental values require that £„3 be no larger than 
about 0.2 kcal/mol. Somewhat higher energies were suggested 
by the conformational energy calculations. However, it must 
be recalled that the computed energy arises not from a single 
interaction, but rather as the sum of four 6-12 interactions plus 
a small contribution from a torsional potential. Apparently the 
net interaction is less repulsive than the conformational energy 
calculations suggest. 

There is a strong correlation in effects produced by variation 
in Eff3 and 0M, as demonstrated by Figures 5 and 12. Movement 
of 0M into its probable range would decrease (^2) and (mK) 
while producing no effect on (y2). These changes could be 
compensated by a small decrease in Eay Thus use of B11 = 63°, 
in conjunction with Ea3 = 0.0 kcal/mol, would yield (n2), 
(y2), and (mK) within 3% of those calculated using the ref
erence set. 

None of the configurations listed in Table III has a statistical 
weight which includes 02, which explains the insensitivity of 
computed results to variation in Eal over its probable range. 

The only «, appearing in Table III is Co2. Variation in £«2 
produced trends which bear a qualitative resemblance to those 
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seen upon variation in £„,. This result follows from the ap
pearance of (T] 2«2 in the statistical weight of those configura
tions which have trans states for the first bonds in branches 2 
and 3. The pertinent elements occur in the first column of 2U1 

Altered distributions denoted by solid lines in Figures 8-10 
are obtained using the reference statistical weights. In each 
case the distribution separates into three groups, the lowest 
population being in the group with the largest ii2, y2, or mK. 
This change in distributions is achieved with little effect on 
(n2) and (y2), but there is a significant decrease in {mK). 

Comparison of Solid-State and Solution Configurations 

Crystalline forms known as ,3-tricaprin12 and /J-trilaurin29 

contain similar conformations for the triglyceride. All dihedral 
angles in branches 1 and 2 occupy trans states. Branch 3 leaves 
the glycerol moiety perpendicular to the planar zigzag formed 
by branches 1 and 2. It then folds, primarily through a g+ 

placement at 3̂ 4- This fold permits the hydrocarbon tail of 
branch 3 to run parallel to, and in contact with, the hydro
carbon portion of branch 2. This conformation has aptly been 
described as a "tuning fork."12'29 For this conformation n2 is 
1.7 D2, while measured values for tripalmitin and tristearin in 
solution are 8.1 ± 0.8 D2.20"23 Clearly the solid-state config
uration for the glycerol moiety, which merits a statistical 
weight of o\ (J2, cannot be dominant in solution. The reference 
set of statistical weights yields about 1% of the triacetin mol
ecules in solution with values of \<f>„v 2<t>\, 2<$>i, 3<£i, and 3<fo 
which correspond to those found for /3-tricaprin and /?-trilaurin 
in the crystalline state. The rotational isomeric state treatment 
is required to account for the configuration-dependent prop
erties exhibited by triglycerides in solution. 
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where A and D stand for the acceptor and donor, respectively, 
have recently attracted attention as potentially useful systems 
to convert light into chemical energy. The reversible character 
of process 1 has been a major obstacle in the practical utili
zation of these systems. Reactions that are endoergic in the 
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Abstract: Photoredox processes of the kind shown in eq 1 were investigated in oil/water microemulsions (water content >80%) 
by means of laser photolysis and steady-state illumination techniques. The following two redox couples were employed: (I)A 
= duroquinone (DQ), D = diphenylamine (DPA), and (2) A = methylviologene (MV2+), D = /V-methylphenothiazine 
(MPTH). In the first system, the two reactants are both solubilized in the lipid interior of the microemulsion droplet. The elec
tron transfer from DPA to photoexcited DQ was found to occur in two steps: a rapid subnanosecond reaction involving DQ sin
glet states and a slower triplet reaction occurring in the microsecond time range. The diphenylamine cation produced asso
ciates with parent DPA molecules to yield multimer complexes. This process is controlled by the statistics of probe distribution 
among the droplets. A detailed account of the kinetics of formation and spectral characteristics of the multimers is given. In 
the second system, the electron transfer occurs from MPTH excited states inside the droplet to MV2+ which is absorbed on the 
droplets' surface. It exhibits also a fast (nanosecond) and a slower (microsecond) component resulting from the reaction of sin
glet and triplet states. The fate of the radical ions produced is examined and photobiological implications are discussed. 
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