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Chainlength dependence 

The dependence on chainlength, n, of the temperatures at which the various thermotropic phase transitions in 
phospholipid bilayers take place can be fitted to high accuracy with an expression of the form: T t = Tt~(l - A / ( n  - d ) )  

where Tt ~, A and d are the constants to be filled. This expression works well with literature values for the main and 
pretransitions of saturated straight-chain phosphatidylcholines, for the main transition of isobranehed- and ante|so- 
branched-chain phosphatidylcholines, and for the main and non-lamellar phase transitions of saturated straight-chain 
phosphatidylethanolamines, and also for diacylglycerol glycolipids. The parameters in the fit can be related thermody- 
namically to the calorimetric properties of the phase transition. The constants A and d are related to the end effects in 
the chainlength dependence of the transition enthalpy and transition entropy, respectively, and the transition tempera- 
ture extrapolated to infinite chainlength, T~ ~, is determined by the ratio of the incremental transition enthalpy and 
transition en~opy per methylene group. A reasonable correspondence is found between the chainlength dependence of 
the transition temperature and of the transition enthalpy and transition entropy for ~turated straight-chain di- 
acylphosphatidylcholines, it is likely, however, that the expression for the chainlength dependence of the transition 
temperature may be of more general applicability, because, on the one hand of the greater inherent precision of the 
transition temperature measurements, and on the other hand because the expression for the transition temperature is of 
more general validity, provide5 that the chainlength dependence of the incremental transition enthalpy and entropy are 
the same. 

Introduction 

The chainlength dependence of the transition tem- 
peratures of diacyl phospholipids becomes less marked 
with increasing chainlength, as the contributions of the 

Abbreviation~: PC, phosphatidylcholine; PE. phosph;~fidylethanol- 
amine; ester, 1,2-diacyl; ether, 1,2-dialkyl; isoacyl, !,2,di[(~-I)- 
methyllacyl; ante|so, 1,2-di[( to -2)-methyl]acyl; ( n, n + 6), I-In:O)-2-( n 
+6:0)-sn; w-t-bu, 1,2-di[~-tert..butyllacyl; ~-cych, 1.2-di[~-cyclohex- 
y|lacyl; a-n-Glc-DAG, 1,2-diacyl-3-(a-D-glucopyranosyt)-sn-glycerol; 
B-o-GIc-DAG, 1,2-diacyl-3-(.f.o-glucopyranosy/)-sn-glycerol; T~, 
chain melting transition temperature (Lt~-L,,, L.n,-L, , or Pa,-L,,) (also 
used generally in the ['?,Ins. to indicate a non-specific transition 
temperature); Tp, pretransition temperature (Pa,-L,O; T,. lamel[ar tt~ 
non-lamellar phase transition temperature (L.-HIn or L,,-Qn). 
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chains to the thermodynamics of the transition come to 
dominate over those of the lipid headgroups (see, e.g., 
Re|. 3). On the one hand, the predictive properties of an 
analytical expression for the chainlength dependence 
can be very useful in cases where experimental data is 
not available, and also in cases for which the experi- 
mental situation is complicated by phase metastability 
(see, e.g., Refs. I and 2). On the other hand, it is of 
considerable interest, both from a practical and an 
experimental point of view, to test whether such analyti- 
cal descriptions may also be applied to lipid phase 
transitions other than the main chain melting transition, 
for example the pretransition of phosphatidylcholines 
and the lamellar to non-lamellar phase transitions of 
phosphatidylethanolamines. 

In the present work, we have tested critically the 
validity of a theoretical description for an extensive 
series of measurements on the gel-to-fluid phase transi- 
tions of symmetrical disaturated phosphatidylcholines 



and phosphatidylethanolam,nes [2A.9]. it is found that 
the theoretical fits can be improved considerably by 
parameter optimization on the equation for transition 
temperatures alone. This arises from the intrinsically 
better precision of the transition temperature measure- 
ments compared with the calorimetric enthalpy mea- 
surements which are otherwise required. This method 
possesses obvious advantages in allowing predictions of 
the transition temperature for systems for which calori- 
metric data are not available. In addition, it is found 
that data on the pretransition and the lamellar to non- 
lamellar phase transition are also amenable to the same 
analysis. Optimized data arc also reported for other 
phospholipid species and for glyceroglycolipids. 

A successful empirical fit to a more limited dz~a set 
for the main transition of symmetrical disaturated phos- 
phatidylcholines has previously been suggested by Na- 
gle and Wilkinson 161. A slightly different formulation 
has been offered by Mason and Huang [!0,11], aimed to 
include also analysis of the transition temperatures of 
asymmetric diacyl phosphatidylcholines. A thermody- 
namic justification for this type of expression is given 
here and then tested against the thermodynamic data 
for a more complete set of lipid chainlengths. 

Methods 

Eqns. l and 2 ca:~ be more conveniently written as: 

~tl ,  = 31t,.~.( n - n,~) (3) 

AS~ = aS.,~..( n - hi,) (4) 

where n,, and n,', are the chainlengths at which the 
transition enthalpy and the transition entropy, respec- 
tively, extrapolate to zero. From the linear regression 
data quoted above: n,, = 7.61 +_ 0.50 and n,', = 5.28 + 
0.56. It will be noted that allowing the incremental 
values to have a chainlength dependence of the form: 
ASi,~ = 1 / ( n  - d )  in Eqns. 3 and 4, yields expressions 
functionally similal to those used in Ref. 11 for analyz- 
ing the chainlength dependence of the transition ent- 
ropy and enthalpy for symmetrical diacylphosphati- 
dylcholines. However, this procedure does not have the 
correct limiting value at infinite chainlengths and does 
not provide a better fit to the calorimetric data of Ref. 2 
than that given by Eqns. 3 and 4. 

The chainlength dependence of the transition tem- 
perature can be expressed in terms of Eqns. 3 and 4. 
Since the free energy change for a first order transition 
is zero (AG~ =/ tH,  - T t • AS, -- 0), the transition tem- 
perature is given by [51: 

T, = ~I H, /~S,  

For sufficiently long chainlengths, ~:, it might be 
anticipated that the transition enthalpy, AH t, and the 
transition entropy, AS t, will have essentially a linear 
dependence on chainlength, with constant end contribu- 
tions, AH, ,  and AS,,  (see. e.g., Ref. 3): 

.art, = n .,an,,, + ,an,. (1) 

zlsq = n .~s,,~. + ~s,, (21 

where AH,.~ and aSi,,~ are the incremental values per 
CH z group. The extensive calorimetric data of Lewis et 
al. [2] for the gel-to-fluid transition of symmetrical 
disaturated phosphatidylcholines exhibit an approxi- 
mately linear dependence over the range n = 14 to 22 * 
with marked deviations from linearity for n < 14. (Note 
that fnr chainlengths n < 14 the gel phase is metastable 
at all temperatures [2].) Linear regression over the range 
n = 14 to 22 yields values of AHin c =-- 0.93 + 0.02 kcal. 
mol -I per CH.,, / t H , =  -7.1 _+_0.3 kcal. tool -~ ( r - '=  
0.997). and ASi, ~ = 2.30 + 0.06 cal- mol- ~. K-  I per 
CH,,  AS,,= - 1 2 . 2 +  1.0 cal. mo1-1. K -t (r 2 =0.996) 
for the transition enthalpies and entropies, respectively. 

* Where the transition enthalpy for the C22 chainlength has been 
corrected for the underlying pretransition (1.4 kcal/mol). Omitting 
this point does not affect significantly the parameters derived from 
the regression. 

= I A n , , , / a s , , , , ) t t - ~ , , , , -  , ' , , i / I ,  -, ,~,)) 

This latter equation characterizes the steadily decreas- 
ing change in transition temperature with increasing 
chainlength. It will be noted that the functional form of 
Eqn. 5 is unchanged if the incremental calorimetric 
parameters are allowed to be chainlength dependent, 
provided that zlH~,~, and ASi= both have the same 
chainlength dependence, in particular, this holds true 
for the form assumed in Ref. 11 and for the modifica- 
tion by Small [t2]. Additionally, Eqn. 5 is similar to that 
employed in Refs. 10 and 11, although in these latter 
references specific values were assigned to the con- 
stants, corresponding to the chain end groups and d.ain 
asymmetry. 

Results and Discussion 

The data of Lewis et al. [2] for the main gel to fluid 
transition temperature of saturated symmetrical chain 
phosphatidylcholines are plotted according to Eqn. 5 in 
Fig. 1, where a value of n~, = 5.0 has been assumed. 
similar to that obtained from the calorimetric measure- 
ments. The main transition temperatures for n = 12 to 
22 are seen to conform reasonably well to this linear 
behaviour in Fig. 1. Linear regression yields values of 
A H , , J A S i .  ~. = 399.8 + 1.6 K and n,, - n~, = 2.29 + 0.05 
(r  z = 0.997), compared with A H, , , . /AS , , , .  = 403.4 _+ 17.4 
K and n,, - n~, = 2.33 + 1.06, deduced from the calori- 
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Fig. I. Chaie length dependence o f  the main chain melting transitior~ 
temperature (o)  and the pretransition temperature (a) for saturated, 
symmetrical straight-chain diacylphosphatidylcholines [2], plotted 
according to Eqn. 5. n is the number of carbon atoms in one chain, 

and n~, = 5.0 (see text). Full lines are linear regressions. 

metric data. Thus, Eqn. 5 is capable of describing the 
chainlength dependence of the main transition tempera- 
ture reasonably well, in a manner which is consistent 
with the calorimetric data for the range n = 14 to 22. 

The calorimetric data for the pretransidon is not 
sufficiently precise to check whether it may be fitted by 
Eqns. 3 and 4, partly because of the difficulty in 
reaching true equilibrium (see Ref. 2). However, it is 
seen from Fig. I that the chainlength dependence of the 
pretransition temperature can be fit quite well to Eqn. 5 
by using the same value of n' o as was used for the main 
transition temperature. Linear regression yields values 
of AHi,JASi,,:  = 409.7 + 1.8 K and n o - n'o -~ 2.71 + 
0.06 (r 2~ 0.998) for the pretransition over the range 
n = 13 to 21. Thus, it would appear that the chainlength 
dependences of the main and pretransitions are strongly 
related and can be explained in the same way. 

Although the fits in Fig. 1 are of reasonable quality, 
the data for the main transition do display a slight 
systematic curvature. A somewhat better fit to the 
chainlength dependence of the transition temperature 
can be obtained by optimizing the parameters 
AHi,JASi,~,  n' o and ( n o - # o )  in Eqn. 5 using the 
simplex or non-linear least squares routines [7,131. In 
this way, any errors in the calorimetric data, arising 
from the intrinsically lower pret.ision of the transition 
enthalpy measuremen:s compared with measurements 
of the transition temperature, are circumvented. This 
optimization yields values of ~H~,~,/~S~,~ =42t.6 K, 
no - no ~- 3.45 and n~, = 2.316, corresponding to a linear 
regression coefficient of r 2 -- 0.999 in a plot of the type 
given in Fig. 1. This value of n o can be compared with a 
value of 3 used in Ref. 6 and a value of 2.25 used in 
Ref. 11. The extrapolated value of the transition tem- 
perature to infinite chainlength, T~ ~ = ,.5 Hi,JzlS~,,,, lies 

fairly close to the melting temperature of poly(ethylene) 
(414 K, see Ref. 19). However. the incremental calori- 
metric values are very different from those for the 
melting of crystalline hydrocarbons, and therefore a 
strict correspondence would not be expec!ed. 

A similar treatment of the pretransition temperature 
data for the symmetrical diacylphosphatidylcholines 
yields the optimized parameters: AH,n,./~S~n¢= 438.8 
K. n,~-n~, = 4.25 and n~, = 1.762. corresponding to a 
linear regression with r" -- 3.999 A value of n', equal to 
that for the main transition has previously been used in 
analyzing a more limited range of pretransition temper- 
atures [61. The extrapolation to infinite chainlength 
yields a 9retransition temperature that is different from 
that for the main transition, as might be expected from 
the different calorimetric parameters for the two transi- 
tions. It is predicted that the main and pretransition 
temperatures would coincide for a chainlength of n = 
23.6, at a temperature of 80.3°C. Allowing for the finite 
transition widths, this is consistent with the main and 
pretransitions not being resolved in the upward scans 
for the C22 chainlength phosphatidylcholine [2]. It was 
previously estimated that the main and pretransitions 
would coincide at a chainlength of approx. 26, assuming 
that the valt~es of n o were the same in both cases [6]. 

The above results indicate that Eqn. 5 is capable of 
describing the chainlength deoendence of both the main 
transition and pretransition temperatures of saturated 
diacylphosphatidylcholines with a high degree of accu- 
racy. To interpret these fits in terms of Eqns. 3 and 4 
requires some revision of the chaintength dependence of 
the calorimetric quantities, but these lie almost within 
the limits of the experimental accuracy of the linearity 
of these values with chainlength for the longer chains 
(cf. above). For instance, taking only the four longer 
chainlengths, n = 18 to 21, for the calorimetric results 
leads to values of: AHinc/ASinc = 428.4 + 29.1 K, no - 
n,', = 3.79 + 1.57 and n,i , = 1.759 + 0.731. As noted al- 
ready, Eqn. 5 is consistent with a more general form for 
the chainlength dependence of the transition enthalpy 
and entropy than the linear dependence given by Eqns. 
3 and 4. This may in part account for its success in 
describing the n dependence of the transition tempera- 
ture over the entire range of chainlengths measured. 

The data on the chainlength dependence of the main 
and pretransition temperatures of the ester-linked phos- 
phatidylcholines, together with statistical information 
~:garding the fits, are summarized in Table I. For 
comparison, data obtained by optimization on the main 
transition temperatures from a series of diacylphospha- 
tidylcholines with methyl isobranched [14] and anteiso- 
branched chains [151, and of diaeylphosphatidylcholines 
with asymmetric chainlengths [21], are also included. 
The data for the lipids with methyl isobranched chains 
differ from those for the straight chain lipids, princip- 
all3, in that n,, and n' o are approx. 1 unit larger. This is 



:s  might be expected, since the branched methyl group 
reduces the total effective chainlength by one methylene 
group. The anteiso-branching has a similar effect, but 
also changes the incremental calorimetric values some- 

what. consistent with a greater perturbing effect at this 

po:ition of chain branching. The effect of the six extra 

methylene groups in the sn-2 chain of the asymmetric 
phosphatidylcholines is clearly seen in the reduction of 
n~ and n[, by 4 -5  units relative to the symmetric 
phosphatidylcholines. The chain asymmetry also seems 
somewhat to affect the incremental calorimetric values. 
By consideration of the chain asymmetry parameter (cf. 

Ref. 10), a fit to the transition temperature data for ~.he 
(n, n + 6) PCs was made in Ref. 21 by as~.,::~,ing a fixed 
value of n:, = - 3.5 Thi,~ y~cided values of T, ~ = 476.1 
K and n , -  n[, = 4.95 which, although similar to those 
listed in Table I, give rise to a somewhat higher root 
mean square deviation. 

The available data on the chainlength der~endcr,,~e ol 

l.hc ironic; izraji~iiion temperatures of diacylphosphati- 

dylcholines displaying an odd-even effect [22,231, and of 
ether-linked phosphatidylcholines [16], are more limited, 

but the fitting parameters are included in Table I for a 
qualitative comparison. The transition temperatures of  
diacylphosphatidylcholines with ~o-tert-butyl [22] and 

with o~-cyclohexyl [23] chains of odd or even chain- 
length are tilted separately. The values of n o and n[, for 
the o~-t-bu PCs are increased by approx. 2 units relative 
to the n-acyl PCs, corresponding to the reduction in 

chainlength by the dimethyl substitution, whereas for 

~0-cyclohexyl PCs n,, and n[, are decreased by approx. 2 

units, corresponding to the effective increase in chain- 
length by the cyclohexyl group that is not counted in n. 
For the d;alkylphosphatidylcholines, only three data 
points are available. Therefore,  the parameters are in 
principle determined exactly, but there is no check on 
the functional form of the chainlength dependence. The 

principal effect of the ether linkage is to modify some- 

what the value of  n[, (and of no), corresponding to the 
different end contribution to AS, (and ~H,) .  

A similar fitting procedure has bee,~ applied to the 
gel to fluid and to t.hc lamellar to inverted hexagonal 

{I-!,) phase transition temperatures of symmetrical 

saturated diacylphosphatidylethanolamines. A more 

limited data set for phosphatidylethanolamines was pre- 
viously analyzed according to Eqn. 5, using the chain- 

length dependence of the calorimetric enthalpies and 

entropies [4]. Fits comparable in quality to those of  Fig. 
1 were obtained, but again the plots of the main transi- 
tion temperature displayed a slight curvature. Opti- 

TABLE I 

Optzmi:ed parameters obtained by fits of the chainlength dependence of the transition temperatures for disaturated phosphatidylcholines and 
phosphatidylethanolamines, and for glucos~'l diacylglyeerals, according to Eqn. 5 

T,, main chain melting transition temperature. Tp, pretraasition temperature. T h, lamellar to non-lamellar (e.g., inverted hexagonal) transition 
temperature, rms is the root mean square value of the residuals and N the number of points used in the fits. Data for disaturated straight-chain 
phosphatidylcholines (PC) with ester-linked chains are from Ref. 2, and with ether-linked chains are from Ref. 8. Data for branched-chain 
phosphatidylcholines (isoacyl and anteiso) are from Refs. 14 and 15. Data for asymmetric diacylphosphatidylcholines ((n, n + 6) PC) with sn-i 
chainlength n and sn.2 chainlength n + 6 are from Ref. 21. Data for t~.tertiary-butyl (~-z-bu PC) and ~-cyclohexyl (~-cych PC) phosphatidytcho- 
lines are from Refs. 22 and 23, respectively, and are fitted separately for even and odd values of n. For ~o-t-bu PC, as for isoacyl and anteisoacyl 
PC. n is the total number of C-atoms in the chain, but for ~0-eych PC the eydohexyl ring is hal included in n. Data for disaturated straight-chain 
phosphatidylethanolamines (PE) with ester-linked chains are from Refs. 4, 9, 17 and 20. and with ether-linked chains are from Ref. 4. Data for 
branched.chain phosphatidylethanolamines (isoaeyl) are from Ref. 9. Data for a- and fl-O-gtucopyranosyl diacylglycerols (a- and ,8-D-GIc-DAG) 
are from Refs. 24 and 25. respectively. 

Lipid AHin~/ZlSi, ~ (K) n o - n,', nl, rms (K), N 

Ester PC T, 421,6 3.45 2.32 0.59 { 11) 
Tp 438,8 4.25 1.76 0.45 (9) 

lsoacyl PC T t 422.5 3.97 3.13 0.54 (11) 
Antelso PC T~ 430.3 4.75 3.10 0.72 (9) 
(n. n +6) PC T~ 430.4 4.51 -2.51 0.20 (9) 
a~-t-bo PC ~ even 407.4 4.11 4.17 0.24 (5) 

odd 401.8 4.29 2.56 0.30 14) 
~-cych PC T~even 425.7 4.00 -0.43 0.33 ~5) 

odd 402.9 3.10 - 0.15 0.49 (5) 
Ether PC T~ 415.8 3.44 1.59 - (3) 
Ester PE T t 424.2 2.94 L69 0.44 (11 } 

T h 356.4 -0.188 14.198 1.64 19) 
Isoacyl PE T t 371.5 0.721 12.240 0.05 ~4) 

T h 349.0 - 0.134 15.326 0.50 (4) 
Ether PE T~ 395.9 1.45 5.47 0.09 (4) 

T h 322.8 - 1.18 5.70 0.44 (4) 
a-l:,-GIc DAG T~ 408.4 2.30 3.94 0.71 (10) 
B-r~-Glc-DAG T~ 422.0 2.94 1.98 0.51 (9) 
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Fig. 2. Chainlength dependence ot' the main chain melting transition 

temperature (o) and the lamellar to inverted hexagonal transition 
temperature {13) for saturated, symmetrical, straight-chain di- 
acylphosphatidylethanolamines [4,9,17]. n is the number of carbon 
atoms in one chain. Full lines are the dependences predicted by Eqn. 

5, using the optimized parameters given in Table I. 

mized fits to the chainlength dependence of the transi- 
tion temperatures are given for a more extended data 
set (including concensus data for the main transition 
temperatures of C12 and C14 chainlengths from Ref. 
20) in Fig. 2. Good fits are obtained to within the 
agreement of the two sets of experimental data used. 
The fitting parameters are given in Table I. 

The main transition temperature extrapolated to in- 
finite chainlength for the diacylphosphatidylethanola- 
mines is comparable to that for the phosphatidylcho- 
lines. The values of n~, and n o are different from those 
for phosphatidylcholines, however, corresponding to the 
different headgroup interactions (principally hydration 
[16]) in the two lipid classes. The sign of n , , -  no is 
opposite for the hexagonal transition to that for the 
main transition, corresponding to the opposite direc- 
tions of the shifts with increasing chainlength in the 
temperatures of the two transitions. The hexagonal 
transition temperature extrapolated to infinite chain- 
length is different {lower) from that for the main transi- 
tion, corresponding to the very different incremental 
values of the calorimetric parameters, AH h and AS h, 
for the hexagonal transition. The main and hexagonal 
transitions are predicted to coincide for a chainlength of 
n = 22.6 at a temperature of 91.4°C. This is close to that 
observed [17], and constitutes further support for the 
existence of transitions directly from a lamellar gel 
phase to an inverted hexagonal phase [18]. 

Data from optimizations to the chainlength depen- 
dence of the main and hexagonal transition tempera- 
tures of methyl-isobranched diaeyiphosphatidylethanol- 

amines and of dialkylphosphatidylethanolamines are 
also given in Table I. The data correspond to four 
different chainLengths in each case and therefore do not 
c~)nstitute so exacting a test of the dependence predic- 
ted by Eqn. 5 as do the more extensive data sets 
considered above. However, a comparison of the 
parameters derived is instructive. 

The parameters for the main transition of the 
methyl-isobranched phosphatidylethanolamines are very 
different from those for the straight-chain phosphatid- 
ytethanolamines or for the methyl-isobranched phos- 
phatidylcholines. This corresponds to the much steeper 
chainlength dependence observed for the isobranched 
phosphatidylethanolamines in comparison with the main 
transition temperatures of the other systems. At the 
moment, there is no clear explanation for this. By 
contrast, the parameters for the hexagonal transition of 
the methyl-isobranched phosphatidylethanolamines are 
similar to those for the straight-chain phosphatidyl- 
ethanolamines, except that the value of n~ (and n,,) is 
one unit larger. This corresponds with the reduced 
effective length of the branched chains, as observed also 
for the main transitions of the branched-chain phos- 
phatidylcholines. 

The optimized parameters for the diaikylphospha- 
tidylethanolamines are rather different from those for 
the corresponding ester-linked lipids. This may reflect 
the more limited number of data points available. How- 
ever. the parameters do give a good description of the 
chainlength dependence over this range, it is predicted 
from the fits that the gel to fluid and hexagonal transi- 
tions will coincide for a chainlength of n = 18.6 at a 
temperature of 79.2°C. In 2.4 M NaCI, the transitions 
already coincide for a chainlength of n--18 with a 
transition temperature of 80°C [4], 

For comparison with the data on phospholipids, the 
analysis of the chainlength dependence of the main 
transition for two homologous series of glyceroglycoli- 
pids [24,25] is given in Table i. These data sets are also 
well fit by Eqn. 5. The incremental calorimetric values 
are similar to those for the phospholipids, and the 
difference in headgroups is reflected by the values of n,, 
and n~,. Significant differences are also found between 
the a- and ,8-anomers corresponding to the different 
orientations of the glucopyranosyl headgroup [24]. 

Finally, some comment is appropriate on the predic- 
tive properties of the parameters given in Table I. The 
root mean square values of the deviations from the 
experimental data points are given in the table. In 
general, the maximum discrepancies between predicted 
and measured values are of the order of one degree or 
less. For instance, the predicted value of T t for didode- 
canoylphosphatidylcholine is - 1.7°C, whereas the mea- 
sured value is -2.1°C [2]. This amounts to an error in 
absolute temperature of 0.1%. The predicted value of T t 
for diundecanoylphosphatidylethanolamine is 17.2°C, 



whereas the measured value from Ref. 26 (which was 
not included in the fit) * is 18,6 °C, which corresponds 
tt, an error in absolute temperature of 0,5%. This some- 
what larger error may arise in part from the comparison 

of different data sets. For instance, the predicted T~ for 

diheptadecanoylphosphatidylcholine is 49.6°C. and the 

measured value used for the fit is 49.8°C [2], whereas 
the experimental value reported in Ref. 10 is 49.0°C. 
Wherever possible, the most complete consistent data 
set has been used in order best to describe the chain- 
length dependence. This may give rise to some dis- 

crepancies with the absolate values of the transition 
temperatures determined in other studies which were 

not included in the fit, 
In summary, the chainlength dependence of the tem- 

peratures of the main chain melting transition, the 

pretransition and the non-lamellar phase transitions can 
be described well by Eqn. 5, at least for the lipids 

tested. A thermodynamic justification can be given for 

this dependence, where the expression for the transition 
temperature is valid over a range of differeat chain- 

length dependences for the calorimetric quantities. This, 

together with the greater experimental precision of the 
measurements, makes the analysis of the transition tem- 

perature a more reliable tool than analysis of the en- 

thalpy or entropy for investigating the cl'-,inlength de- 

pendence of the dilferent phase tr,,,nsitions. 
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"* Including the n = l l  data point [261 in fitti~.;~ the chainlength 
dependence of T~ for ester PEs yields the following parameters: 
T~ "~ = 428.0 K, n o - n~, = 3.19 and n~,= 1.01, and the predicted 
transition temperature for n=l l  is then 18.2°C. In general, the 
omisskm of a single data point does not give rise to large changes in 
the fitted parameters. Only for the shortest ehainlengths, for which 
7", is changing rapidly with n. are the differences appreciable, as 
here. 


