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Intermolecular energy calculat ions were performed on 
theoretical  triarachidin a-form structures as selected 
bond rotat ions  converted them into /Y-forms with a 
chain-tilt change in the glycerol  region. Interact ions 
across  the methy l  gaps amounted  to only 2-3% of the 
total  energy in initial a- and final /Y-forms, but com- 
puter-generated energy profiles during a- to fl'-phase 
transit ions revealed highly repulsive regions due to the 
close approach of methy l  groups. This methy l  gap in- 
teraction, plus additional repulsive interactions in the 
lateral packing of molecules  during rigid chain rota- 
tions, necessitated modification of certain chain move- 
ments  during phase transit ion to reduce excess ive  re- 
pulsive energy. These results suggest  that phase transi- 
t ions  proceed in a particular sequence of events  that 
either distribute energy to promote further phase excita- 
tion or that lead to collapse into the stable polymorphic 
form. Phase  transit ion energy curves also reveal that  
secondary a- and fY-forms are possible and are depen- 
dent on the start ing a-forms, the direction of chain 
rotation and the subcell  arrangement.  

In recent publications (1,2), studies were reported on 
conformational s t ructures  and packing arrangements  
of theoretical monoacid triglyceride molecules in a- and 
p'-forms in which computer  modeling was used. These 
studies on the lowest and intermediate melting poly- 
morphs were among the first to use intermolecular 
energy calculations to examine triglyceride packing 
arrangements.  Computer  modeling had been used pre- 
viously for intramolecular conformational analyses of 
phospholipids (3) and short-chain triglycerides (4,5) and, 
only more recently, for a combination of intra- and 
intermolecular interactions for phospholipid conforma- 
tions (6). Rapid conversion upon heating of a-forms into 
/Y-forms or the highest melting p-form (7) necessi tates 
use of techniques other than conventional x-ray diffraction 
(8-10) or thermal  analysis (9,11,12). Computer  model- 
ing is well-suited for examining these fluctuating poly- 
morphic forms and associated transformation processes. 

Computat ion of a tom-atom interactions during the 
a- to p'-form t ransformat ion  is a logical extension 
from analyses of packing energies for the a- and p'- 
forms (1,2). Intermolecular minimization procedures thus 
far indicate that,  for theoretical a- and bent/Y-form (13) 
structures,  several equally preferred structure-subcell 
arrangement  combinations are possible. For a-forms, 
subcell arrangement  had a greater  effect on packing 
energy than did the configuration of the triglyceride. 
This was also quite true for bent p'-forms, where several 
subcell arrangements  revealed unsymmetr ical  packing. 
Useful unders tanding of lipid phase behavior requires 
knowledge of both individual crystalline forms and the 
atomic-level mechanics tha t  obtain during changes 
between forms. Therefore, a theoretical pa thway for a- 
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to p'-form phase transit ion was modeled with previ- 
ously determined subcell packings to examine the effect 
of triglyceride conformation and subcell arrangement  
on the transit ion energy profile. 

EXPERIMENTAL 

The eight s tar t ing triarachidin a-form configurations 
used were those described in (1). Briefly, the triarachidin 
model was constructed with the central glycerol carbon 
located at X = 0, Y -- 0 in a Cartesian coordinate 
system. Chain #1 intersects the X-Y plane along the 
+X-axis and chain #3 intersects the X-Y plane along the 
-X-axis. The long dimension of the molecule is parallel 
with the Z-axis. The bent g'-forms, to which the a-forms 
transformed, were as described in (2), but  due to the 
unsymmetr ical  packing found in some /T-form subcell 
arrangements ,  only four preferred arrangements  (2), 
were used in this study. Subcell positions for the start- 
ing a-forms and ending /3'-forms were as determined 
previously (1,2). Oscillatory motion about the long hydro- 
carbon chain axis was not incorporated into a-form 
structures.  

Rotat ion about  bonds required to change an a-form 
into a bent  p'-form (2) and differences between X-, Y- 
and Z-axis translation values i.e., amount of whole-mc~ 
lecule movement  on each axis from molecule P (2), for 
s tart ing a-forms and ending/T-forms were divided into 
200 steps. At each step, intermolecular energy calcula- 
tions were performed for pairs of triglyceride molecules 
by using the semi-empirical potentials of Coiro et al. 
(14), which do not include dipole interactions. The pairs 
consisted of a central molecule, molecule P, and a mol- 
ecule in each of the six positions around molecule P (2). 
In addition, calculations were performed to quanti ta te  
interactions between parts  of eight molecules across 
the methyl gaps for a total of 14 molecular positions 
around molecule P. Curves were drawn for the inter- 
action energy vs. step for each position, and the ener- 
gies of all positions were summed for a total energy 
curve. Bond rotations and translation shifts were com- 
plete by step 192, so bonds in the molecule could be 
rotated slightly beyond the g'-form to check for de- 
velopment of further energy minima. 

A flow diagram of the For t ran  IV computer  pro- 
gram used to determine the 14 position energy curves 
and the final total  curve is shown in Figure 1. Par ts  of 
the diagram are explained in a later section of this 
paper. Because the rota ted bonds were on the chain 2 
(15) side of the molecule, the entire molecule was tilted 
about the X-axis through the central glycerol carbon so 
tha t  in the final ~'-form the methyl  groups on chains 1 
and 3 were approximately in line on the X-axis with the 
methyl  group on chain 2. The central molecule was 
aligned thusly after each incremental step in bond rota- 
tion. After the incremental  bond rotations,  ti l t ing of 
the molecule, and calculation of X-, Y- and Z-axis trans- 
lation shifts, the second molecule was built by using a 
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I Read ~tomic Coordinates, 
a and Translation Values 

Calculate 
Expansion Factor 

0 
Determine Position 1-14 
around Principle Molecule 

Rotate Bonds, Tilt Molecule, 
and Calculate Translation Shifts in 

Increments of 1/200 of Total Values 
I 

Build 2nd Molecule and Calculate 
All C, H, O, & CH 3 Interactions 

I Plot Energy Curve I 

I Plot and Print Results I 

FIG. 1. Flow diagram of computer program for calculation of 
interaction energies between pairs of oscillating triglyceride mol- 
ecules during a- to f] '-form transition. See section on interactions 
in chain packing for explanation of X-bloom expansion factor. 

symmet ry  operation determined from the best  energy 
minimum of prior results. 

RESULTS 

The hydrocarbon chain subcell packing in triglyceride 
a- and/?'-forms (10) is slightly different because individ- 
ual zigzag chain planes al ternate in successive rows in 

,#2  > 

#3 #I # #I #I 

Steps ~ Steps , ~  
1-100 J 1 0 1 2 0 0  " ~  

. . . .  t -  - , ' , .  ",, 
' , #3 ' # 1  / 

'#3 '#1 #3 #1 

'intermediate' ~ '  

FIG. 2. Interactions across methyl gap. Chains are numbered 
according to the convention of Lutton (15). Carbon atoms are 
solid circles; hydrogen atoms are not shown. Large open circles 
represent 2 A Van der Waals radii around methyl groups. Chains 
are shortened for reasons of space, and details of glycerol regions 
are not shown. 

/?'-forms but  are random in a-forms due to oscillatory 
motion about the long-chain axes (16). To simplify com- 
putations,  the s tar t ing a-form zigzag pat terns  were 
based on/? '-form subcells, which have rows of parallel 
zigzag planes with al ternat ing zigzag planes in suc- 
cessive rows. The a-form triglycerides were all sym- 
metrical tuning-fork molecules with al ternat ing upright  
and inverted molecules in each horizontal row. Also, 
chains 1 and 3 were placed in the same subcell row, and 
hydrocarbon portions of the chains were in the all trans 
conformation during the transition. 

In terac t ions  across m e t h y l  gaps. Interact ion energy 
across the methyl  gaps in a- and p'-forms amounted to 
only 2-3% of the total  interaction energy (1,2), but  a 
high repulsive energy region was found in the methyl  
gap energy computat ions  during the a- to/?'-transition. 
Reasons for this repulsive energy region are i l lustrated 
in Figure 2, in which chains are numbered according to 
the convention of Lu t ton  (15) and circles represent  the 
two-~, Van der Waals radii of methyl  groups. During 
rotat ion of the two or three bonds to make the/?'-form, 
chain 2 swings out slightly from between chains 1 and 
3. Computer  simulations of this movement  reveal over- 
lap of Van der Waals radii. This problem is complicated 
by a requirement tha t  the long spacing be shortened 
during the a- to p'-form transition. Overall, the #2 chain 
end must  move closer to the #1 and #3 chain ends in 
the Z-axis direction to have a four-~, spacing between 
methyl  groups of/?'-form molecules. The Van der Waals 
radii of methyl  groups are two A, and it is assumed 
tha t  close packing will occur. By slowing the change 
from a- to/? '-form Z-axis t ranslat ion values, the differ- 
ence referred to as Z-shift in Figure 2, much of the 
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overlap could be eliminated. This was accomplished by 
express ing the Z-shift as the exponential  function 

Z-shift = (ZZ-ZS)/1912 X (STEP No. -1)2 

where ZS = starting a-form Z-axis translation value 
and ZZ = ending g'-form Z-axis translation value. This 
function, in effect, delayed the Z-shift until  the rotated 
chain began to move  back to a vertical position. As  
shown in Figure 3, for a C20-U structure having non- 
parallel chains, carbonyl left and opposite z igzag on 
chains 1 and 3 (2), the original methy l  gap energy curve 
has a transit ion energy of 140 Kcal/mol around step 80, 
but after delaying the Z-shift the m a x i m u m  was  only a 
little over two Kcal/mol. 

The extent  to which this methy l  gap adjustment  
affected the energy was influenced greatly by the arrange 
ment at the methyl  gap. For structures having nonparallel 
chains, the energy curves for both alternating and non- 
alternating angles of  tilt (2) at the methyl  gap differed 
only sl ightly in magnitude  and pattern. Most  notice- 
able were the pattern and magnitude  of the energy 
difference for a parallel chain structure, represented in 
Figure 4 by a C20-D s tructure  hav ing  the  carbonyl  
group to the left with opposi te  z igzags  on chains 1 and 
3. When the angle of tilt did not  change at the methyl  
gap, the energy curve was  smooth  with the m a x i m u m  
of 6.5 Kcal/mol occurring early in the transit ion around 
step 60. For a change of tilt at the methyl  gap the 
energy curve remained attract ive {negative) through- 
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FIG. 3. Adjustment for methyl gap interactions. Each step represents 1/200 of transi- 
tions shift parameters. Starting a-form is at Step 0 and final/3"form at Step 192. 
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FIG. 4. Effect of methyl group orientation on energy curves at the methyl gap. 
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FIG. 5. Interactions in chain packing. Chains are numbered accord- 
ing to the convention of Lutton (15). Carbon atoms are solid 
circles; hydrogen atoms are not shown. Large open circles repre- 
sent 2 A Van der Waals radii around methyl groups. Chains are 
shortened for reasons of space, and details of glycerol regions are 
not shown. 

out the 200 steps being relatively flat but with minor 
undulations over the central steps of the calculations. 

Interactions in chain packing. In a similar manner, 
movement of chain 2 also caused a close approach of 
methyl groups (Fig. 5) in side by side molecules, which 
produced a high repulsive energy region. The extent of 
this repulsive region was dependent on the starting 
X-axis translation values with methyl groups approach- 
ing as close as 1.8 ~ in some situations. To reduce the 
large repulsive energy, an X-bloom expansion factor 
(Fig. 1) was introduced to move the second molecule 
away from the principle molecule, P (2), over the cen- 
tral steps of the calculations. The X-bloom factor was 

determined by making a preliminary run through the 
200 steps, without energy calculations or plotting, to 
find the minimum approach distance of the methyl 
groups. The difference between the minimum approach 
distance and 3.5 ~,, slightly less than double the Van 
der Waals distance, is the X-bloom factor. The amount 
of change in the X-direction, X-shift, was expressed as 
a sine wave function so that the maximum movement 
would occur around step 100. This X-shift, in addition 
to the translational change, was calculated as 

X-shift = (XX-XS) [(STEP No. -1)/191] • 
[X-BLOOM X SIN (0.9375 • STEP No.)] 

where XS = starting a-form X-axis translation value, 
XX = ending f]'-form X-axis translation value, and the 
value 0.9375 = a factor to give maximum displacement 
in the central portion of the curve and no displacement 
at step 192. The plus or minus choice allows movement 
of inverted molecules in positions 1 and 4 (2) in a 
positive X-direction and molecules in outer positions 2 
and 6 in a negative X-direction. The curves shown in 
Figure 6 are an example of a subcell arrangement where 
side-chain packing interference occurred between the 
principle molecule, P, and subcell position 1. The orig- 
inal curve shows over 600 Kcal/mol around step 90, 
which reduced to 10 Kcal/mol after applying the X- 
bloom adjustment factor. Even though subcell position 
4 was moved in the +X-direction, the repulsive inter- 
ference with molecule P was in the order of the X- 
bloomed curve in Figure 6 when the X-bloom factor 
was subtracted from 3.5 A. However, when the X-bloom 
factor was subtracted from twice the methyl group 
Van der Waals radii, four ~,, the repulsive energy was 
quite high. The term X-bloom minus 3.5 A was chosen 
to balance the amount of repulsive energy on either 
side of molecule P. 

Effect of conformation on transition energy. Effects 
due to conformation and to subceU arrangement on 
transition energy cannot be entirely divorced, but more 
variation occurred between different conformations than 
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FIG. 6. Adjustment for chain packing. Each step represents 11200 of transition shift 
parameters. Starting a-form is at Step 0 and final fJ'form at Step 192. 
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FIG. 7. Effect  of structure on transition energy. Curves represent sums of energies 
computed for interactions between a central subcell molecule and molecules in 14 
adjacent positions. Inserts at upper and lower right indicate three upright molecules 
in subcell and methyl gap orientation, respectively. Inserts at upper and lower left 
symbolize the triglyceride structure. Each step represents 1/200 of transition shift 
parameters. Starting a-form is at Step 0 and final ~'form at Step 192. 
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FIG. 8. Effect of subcell arrangement on transition energy. Lower right insert represents 
methyl  gap orientation. Subcells are each indicated by three upright molecules. Insert 
at lower left symbolizes  the triglyceride structure. Each step represents 1/200 of 
transition shift  parameters. Starting a-form is at Step 0 and final f]'-form at Step 192. 

between the four subcell a r rangements  of any one struc- 
ture. A major i ty  of the curves fell into two general 
types  as i l lustrated in Figure 7, which depicts resul ts  
for different tr iglyceride conformat ions  in one of the 
four preferred subcell a r rangements  shown in (2) and 
Table 1 and with the same nonal te rna t ing  configura- 
tion. Both  s t ruc tures  were designated fl'-U in (2). 

The dashed curve representing the conformation with 
opposi te  zigzag pa t t e rns  in chains 1 and 3 shows a 
min imum near  step 40, which p resumably  represents  a 
secondary a-form, because at that  point molecular con- 

format ion  has changed only slightly f rom the s ta r t ing  
a-form. The s t ruc ture  at s tep 40 is nearly vertical  with 
an angle of tilt  of about  85 ~ The s t ruc ture  represented 
by  the min imum at  approx imate ly  s tep 160 has a long 
spacing about  1.6 fi, longer than the reported p'-form of 
triarachidin {9). The minimum at step 160 also has a 
grea ter  negat ive  energy value than  tha t  at  s tep 40, 
which is to be expected for fl'-forms. 

An a-form min imum was not  observed for the solid 
curve while the p'-region is quite flat  f rom about  s teps  
170 to 190. This sugges ts  m a n y  forms of about  equal 
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TABLE l 

Energies and Calculated Long Spacings of Secondary a- and if-forms 
from Energy Curve Profiles a 

Subcell Same Opposite Same Opposite 
structure zigzag zigzag zigzag zigzag 

from (2) a ~' a /3' a f3' a 3' 

/ - - - /  

1 \ - - - \  
/ --- /  

/~--/ 
2 \ - - - \  

/ - -- /  

/ - -- /  
3 \ - - - \  

/ - -- /  

4 \ - -- \  
/ --- /  

C20-D b 

Parallel chains, 
carbonyl left on chain 2 

Nonparallel chains, 
carbonyl right on chain 2 

-164.6 -159.1 -130.3 -172.2 -204.2 
(50.7) (55.7) (5O.8) (5O.6) (55.7) 

-157.9 -12535.0 - -189.3 -12559.0 
(55.7) (53.3) (55.7) (51.6) 

-145.6 +562.1 - -196.7 -2905.0 
(55.7) (51.5) (55.7) (52.5) 

-13627.0 -167.5 -196.8 -17499.0 
(53.3) (50.9) (55.7) (51.5) 

C20-U b 

Nonparallel chains, Nonparallel chains, 
carbonyl left on chain 2 carbonyl right on chain 2 

1 \ -  \ -190A -166.8 -196.6 -201.4 -109.0 
/--- /  151.3) (55.7) !52.3) (50.7) (54.4) 
/--- /  

2 \ - -  \ 182.1 -191.5 -131.2 -177.3 -216.0 -197.3 -216.3 
/--- /  {55.7t 150.71 (55.61 (52.31 (51.51 (55.7) {51.6) 
/--- /  

3 \ - \  -189.8 -198.7 -152.0 -191.4 -212.4 -202.8 -146.0 
/ -/ (55.7) (51.3) (55.6) (52.3) (50.7) (55.7) (53.6) 

/--- /  

4 \ - - - \  -187.9 -182.8 -137.5 -184.6 -205.7 -126.5 
l- -/ (55.7} (50.7) (55.6) (51.9) 150.7) (53.4) 

aInteraction energies are expressed in Kcal/mol. Numbers in ( ) are the calculated long 
spacings expressed in A. Literature values for X-ray long spacings of triarachidin a- 
and fY-forms are 55.8 and 50.7 ~,. respectively (9). 
bSee reference (2) for explanation of/Y-form structures. 

energy  over a change  in long  spac ing  d i s t ance  of abou t  
1.2 A. 

Effect  o f  subcell arrangement on transition energy. 
E n e r g y  curves  for d i f ferent  subcel l  a r r a n g e m e n t s  of 
the same s t r uc tu r e  d i sp layed  very  l i t t le  var iab i l i ty .  
One example  of difference is shown in Figure  8 for a 
t r i a rach id in  s t r uc tu r e  wi th  nonpara l le l  cha ins  (C20-UI. 
Profiles of the  two curves  are s imilar ,  b u t  the pos i t ions  
and  energy  levels of m i n i m a  in the f3'-region are qu i te  
different. The dot ted  curve, represen t ing  an unsym-  
metr ica l  subcell,  has a m i n i m u m  a round  s tep 145 with 
an energy  value  of -115 Kcal /mol  which is much lower 
t h a n  the s t a r t i n g  a-form energy.  This  m i n i m u m  is also 
qu i te  far r emoved  from the/Y-form at  s tep 192 and  has 

a long spac ing  cons ide rab ly  grea te r  t h a n  the l i t e r a tu re  
value. In  con t ra s t ,  the solid curve  shows a m i n i m u m  
a round  s tep 175 and  an inf lect ion at  s tep 192 consis- 
t e n t  wi th  the t r a n s i t i o n  e n d i n g  /Y-form. Only  a very  
minor  secondary  a-form m i n i m u m  was observed  in each 
of the curves.  

Because  t r ig lycer ides  ma y  occur as mix tu re s  of dif- 
ferent  subcel l  a r r a n g e m e n t s ,  energy  curves  also were 
ob ta ined  for the average  of the four preferred ~'-form 
a r r a n g e m e n t s  (2). Average  curves  of the four subcel ls  
for the two s t r u c t u r e s  in F igure  7 are very  s imi lar  to 
the curves  d i sp layed  except  for smal l  m i n i m a  on the  
dashed  curve  at  app rox ima te ly  s teps  170 and  180. 

A summa r y  of results for the various structure/subcell  
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arrangements with nonalternating methyl gap configura- 
tions is reported in Table 1. 

The calculated long spacing for the secondary a-form 
from the dotted curve in Figure 7 is 55.6 ~,. This is just 
0.2 A less than the reported x-ray long spacing of 55.8 

(9) and represents an angle of tilt of about 85 ~ 
Other secondary a-form minima are reported with cal- 
culated long spacings of about 55.7 ~. These minima 
generally occurred between steps 5 and 20 of the energy 
profile curve and therefore have angles of tilt only a 
few degrees less than the 90 ~ of the starting a-form. 

Long spacings for the secondary/T-forms in Table 1 
ranged from 54.4 A to the expected x-ray long spacing 
(9) of 50.7 ~,. It may be questionable whether some of 
these forms should be called fl'. The 54.4 A long spacing 
for one form of the C20-U structures is only 1.3 A removed 
from that of the a-form. The tentative p' designation is 
based on the fact that the energy minima occurred 
beyond the midpoint, or step 100, of the energy profile 
curve for the a to fl' transition. Multiple/T-form mini- 
mal generally were not observed, but curves were often 
quite flat in the fl'-region; e.g., the solid curve in Figure 
7. Results reported in Table 1 for curves with broad/~' 
regions represent computer output at the step for which 
attractive energy value is greatest. Results for the 
curves of Figure 8 do not appear in Table 1. Only 
nonalternating angle of tilt configurations are reported 
because methyl gap energy had little influence on final 
curves after Z-shift adjustment {Fig. 3). 

For a number of the subcell arrangements previ- 
ously reported (2), total interaction energy values were 
extremely attractive or repulsive depending on the place- 
ment of some of the molecules around the central prin- 
ciple molecule. Such arrangements also caused energy 
curve values to deviate excessively for some of the 
opposite zigzag conformers of C2o-D, and they elimi- 
nated entirely a- or fl'-form minima for several of the 
same zigzag conformers. An example of this curve is 
shown in Figure 9 for the average of all four subcell 

arrangements for a C20-D structure having nonparallel 
chains, carbonyl right and an opposite zigzag pattern. 
The a-form minima in Table 1 for this structure do not 
appear in Figure 9 because of their small size relative 
to f - form minima. Structure/subcell arrangement com- 
binations yielding curves without a- or/T-form minima 
also were encountered. They generally sloped in the 
repulsive energy direction (+) from the starting a-form 
to step 200. The absence of a fl'-form minimum at step 
192 in some of the curves of Figures 7-9 is also due to 
the positioning of the molecule in the starting subcell 
arrangement. 

DISCUSSION 

Intermolecular and intramolecular interactions can both, 
obviously, affect molecular packing, which in turn deter- 
mines the transformation paths available to polymorphic 
solids. Ideally both types of interactions should be 
optimized in a search for transformation paths that 
follow energy minima. Ultimately such unconstrained 
modeling may be practical. Current limits on computer 
time and capacity, however, compelled us in these in- 
nitial studies to consider the consequences of inter- 
molecular interactions with the expectation that doing 
so would help to envision critical aspects of the intra- 
molecular interactions already examined. 

The results described above represent several of 
many theoretical possibilities for conversion of a- into 
f-forms.  The start ing a-forms are somewhat sym- 
metrical with chains 1 and 3 approximately equidistant 
from the extended long axis of chain 2 and with methyl 
groups of chains 1 and 3 aligned. This conformation is 
in contrast to one recently proposed for the a-form {17) 
in which chain 3 is a shortened side chain similar to 
that in the g-form (7). Concerning the ~'-form structure, 
controversy exists as to whether alternation of chain 
tilt takes place within the glycerol region (13) or at the 
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methyl end group plane (17). Therein lies the complex- 
ity of the problem; uncertainty of either the initial a- or 
final fl'-form structures. 

In the absence of immutable evidence for a specific 
conformation in the glycerol region, a symmetrical a- 
form was chosen as a logical initial monomeric con- 
densation product from the population of dissociated 
random conformers in a triglyceride melt. And, because 
even chainlength p-forms possess no change of chain 
tilt at the methyl end group plane (7}, consistency with 
x-ray data was maintained by using/]'-form structures 
bent in the glycerol region. 

At some point in the liquid -~ a -*/]' --)/3 conversion 
process, side-chain character must be assumed by chain 
3 and change of chain tilt eliminated to comply with 
/]-form structure requirements (10). From DSC scans 
(12), it is evident that a greater molecular event occurs 
in the a ~ /3' transition than in the/3' ~ /3 transition. 
For experimental purposes, we assume that this event 
is a change from no chain tilt to chain tilt in the glycerol 
region. The proposal that chain tilt occurs at the methyl 
end group region (17) is based on data from an odd 
chainlength triglyceride which may or may not be the 
same for even chainlengths. It merits examination in a 
later analysis. Many differences exist between odds 
and evens based on thermal analysis (12) and x-ray 
long spacing (9) data. Projections from one to the other 
are at best tentative. 

Whereas fl'-forms are higher melting and exhibit 
greater heats of fusion than a-forms, it seems reason- 
able that computed interaction energies for /]'-forms 
should also be higher. For certain subcell structures in 
Table 1, interaction energies of/]'-forms are about equal 
to or less than those of a-forms. Such subcell structures 
would, therefore, be unlikely in the a -->/] '  conversion 
process. They might be more favorable for longer or 
shorter chainlengths, mixed chainlengths, or impure 
materials. 

Minima listed in Table 1 cannot be classified by the 
usual method of x-ray short spacings (16), so it is impos- 
sible to tell where in the transition a-forms cease to 
exist and fl'-forms begin. Secondary a-forms represented 
by minima in the energy profile curves are only a few 
degrees from vertical. They are consistent with multi- 
ple a-forms that have been observed by thermal analysis 
of saturated monoacid triglycerides with chainlengths 
of C22 and greater (12). They suggest mechanistic sub- 
tleties that most analytical techniques will not detect 
in lipid transitions. 

X-ray data are not available to verify multiple a- 
forms, but long spacings were reported recently for two 
fl'-forms of trimargarin and tristearin (18). The two 
/]'-forms of trimargarin differed by 0.5 A; those of tri- 
stearin by 1.0 A. For triarachidin, the next longer member 
in the homologous series of even chainlengths, the dif- 
ference in/Y-long spacings should approximate that of 
tristearin. Several of the secondary/]'-forms in Table 1 
have calculated long spacings that are 0.8-0.9 A longer 
than the x-ray value of 50.7 ~, for triarachidin (9). Three 
of the C20-D structure/subcell combinations have/]'-long 
spacings in this range, but all have excessive (positive 
or negative) energy values. With slight adjustment of 
molecular positions in the subcell, energy values could 
conform to more standard values. One of the C20-U 

carbonyl right structures (opposite zigzag) in subcell 2 
does not need adjustment because it has a very strong 
fl'-form minimum 0.9 A longer than the x-ray value. 
The similar structure having a same zigzag pattern had 
an almost identical energy value and a calculated long 
spacing 0.1 A less. Two of the C20-U carbonyl left struc- 
tures (same zigzag) in subcell arrangements 1 and 3 
have p'-forms 0.6 A greater than the x-ray value. Models 
of these structures all appear identical and conform 
with the previous speculation that the differences between 
the/]'-forms may be due to very minor lateral packing 
rearrangements of the hydrocarbon chains (19). 

Considerable oscillation present in the a-form (16) 
results in a random orientation of chain planes. This 
concept seems evident from results in Table 1. Three of 
the four structures showed no secondary a-forms when 
chains 1 and 3 had the same zigzag pattern. The major- 
ity of a-forms occurred in structures having the opposite 
zigzag pattern, which is more in agreement with the 
idea of random chain orientations. Likewise, the same 
zigzag configuration for the single all parallel chain 
structure produced but one/]'-form. Such findings, that 
results conform to known crystal structure concepts, 
enhance confidence in computer modeling techniques. 

Raman spectra for polymorphic phases of triglycerides 
disclose differences in methyl group regions (18). These 
results reflect conditions in defined structures but allow 
little insight into events during transitions between 
phases. Prior modeling results (1,2) had shown that the 
energy of the methyl group region amounted to only 
2-3% of the total overall interaction energy. But during 
rotation of rigid chain 2, overlap of methyl group Van 
der Waals radii caused excessive repulsive energy. The 
methyl group region could thus play a major role in 
phase transitions, perhaps more so than glycerol and 
adjacent hydrocarbon regions, which remain relatively 
static in the present model. Atoms in and near glycerol 
undoubtedly move during transitions that shorten the 
x-ray long spacing, but synchronous movements in this 
region could allow change with less nearest neighbor 
interaction than would likely occur at the ends of rotat- 
ing chains tchain 2 in the model). 

Methyl group repulsion and side chain interference 
that affected the results of this study were found by 
computation for molecules transformed by rotation of 
rigid chains. If polymorphic transformations proceed 
along minimum energy paths, adjustments to rigid 
chain movement could reduce transition barriers to 
acceptable levels. It cannot be stated with certainty, 
however, that the global minimum pathway was achieved 
with the described motion. Other types of motion by 
which effective bond rotation is accomplished in- 
crementally with small dislocations transmitted down 
the chain, perhaps a crankshaft type motion, might 
result in less Van der Waals overlap. Such situations 
remain for subsequent examination. For example, our 
functions for X- and Z-translations to relieve Van der 
Waals overlaps are arbitrary. Other translations might 
be equally effective in reducing repulsive interactions. 
For the present, adjustments made in methyl group 
and side chain movements to accommodate repulsive 
energies are not unlike dimensional shifts typical of 
transforming lipids. The need for such adjustments 
and the observation that unfavorable interactions can 
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be accommodated by coordinating inter- and intra- 
molecular movements suggest that  structural modific- 
ations tha t  affect the kinetics of part  of a triglyceride 
molecule relative to its other parts, or of a molecule 
relative to other molecules, could be crucial regulators 
of triglyceride transformations.  Furthermore, change 
can occur readily in an otherwise stable population if 
molecular motion is synchronous throughout  the pop- 
ulation. Triglyceride polymorphism thus becomes as 
much as event oriented process as it is a thermo- 
dynamically compelled process. 

The modeling results for the particular structures 
and mode of t ransformation considered herein estab- 
lish a theoretical basis for multiple polymorphs. Although 
modeling does not yet confirm exact structures, mech- 
anisms or subcell arrangements,  it defines parameters  
of the polymorphism problem and identifies areas for 
innovative research. 
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