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Structure and lyotropic phase transition of metal salts of long chain saturated
fatty acids as model compounds of biomembrane
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The structural transition behavior of potassium soaps (99% purity), CHa(CH,),CO,K(n =14, 186,
18, 20), having low water contents less than 10 wt3 was investigated by both DSC and vibrational
spectroscopies. Nine phases from crystal ([ <B0°C} to liquid crystal (260°C <IX) were observed for
n+=14 and 16 by thermal measurements, An additional phase I’ ({<I’< IIy was found for n=18 and
20. The structurai changes of the alkyl chains accompanied by these transitions were in-
vestigated by using IR and Raman methods. With increase in temperature, the intensities of the
IR methylene progressive bands which were characteristic of all-trans conformation decreased
ard conformational defect bands ascribed to gt-, gg-, and gfg’ conformations, were observed in
phases I', 11, and III for n=14~20. These indicate the onset of a partial melting of the chains in
these phases. At the transition from phase I1I to IV, the chains entered liquid-like conformations.
The result was also confirmed by the Raman spectra.
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Fig. 1. DSC curves for n=14~20.

Table 1. Transition temperatures, enthalpy,
and entropy changes for n=20

¢ A5 A8
(K)  (cJ/mol)  (I/K-mol)

Iy 3420 2.5 7.2
I'—=1 361.1 14.9 41.2
H—1III 403.2 1.8 45
I —1v 4277 23 54
V-V 450.2 12.3 27.2
V—=VI 488.8 0.5 1.1
Vi—>VII 501.3 0.6 1.2
VII— VIII 519.4 1.0 19
VI -+ IX 538.6 9.4 175
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Fig. 2. IR spectira for n=14~20 in the 700~
1400 cm ™! region at room temperature.
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Table 2. Observed and calculated frequencies
{em™Y forn=14

A’ mode
1417 s 1414 & {44), W (22), R (15),
v{COQ) (14)
1410 W (54), R (30), § (13)
1404 W (60}, R (30)
1394 W60}, R (27), 6 (1)
1385 m 1383 W (61), R (25), & (10}
1373 U (70), W (15), R (11)
1367 m 1367 W (59), R (17, U (16}
1357 m 1361 W (73), R (16)
1340 m 1332 W (80), R (11)
1322 m 1312 W (86)
1299 m 1294 W (89)
1276 m 1276 W (8T
12563 m 1267 W (83)
1232 m 1235 W({78), w (11)
1209 m 1208 W({76), w (10}
1188 m 1181 W {83
1130 w 1129 R (39), w (33), W (13}
1069 m 1093 R (dl),.w (27), W{21)
1069 R (81), W{1T)
1067 R (78), W {15)
1066 R (76), W{17)
1061 W 1061 R (82), W({17)
10568 R (80), W({T)
1064 R (82) W{ll)
1049 w 1060 R (66), W {15), w {15)
1033 R (75), W{1D), w (10}
1014 m 1017 R (80), W (10)

998 W 1000 R (72), w {13)
983 R (80), w (11)
973 R (78), w (12)
917 m 891 R (47), 8 (33)
889 m 888 R (49), 6{COC) (39)

LWL, TLFLEO I R A - g v
LI UKL T00~1400 cm™' DA F L ¥ 7o
Py ¥ a YEEEOF BRI E n=14~20
L TERER Table 2~5 ioR Lz, BESH
feFa Sy va vy FORBIMEE L5 v R
avikA—va vioEBRaNSY, LitohoE
it CHywagging € — R LbFhicgung
R EEA T, BB n=14, 16 XT3
B, o & o®E CH, rocking /¥ v K &R0
TIEER—TH - 72o

Table 2. continued
A’ mode
1302 T { 96)
1302 T¢ 97
1300 T ( 98)
1299 T { 95)
1297 T ( 97)
1296 T {(100)
1294 T ( 90)
1289 w 1286 T ( 85), P (12)

1274 T(79), P (17}
1258 vw, sh 1259 T { 72), P (23}
1241 T { 62), P (32)
1219 T { 49), P (43)
1196 P {59, T30

1174 vw 1177 P {82
1109 m 1103 T { 64), P (32)
1043  vw,sh 1036 T ( 88), P (10)
1011 m 1005 T ( 70), P (2 )
973w 968 T ( 56), P (35
931 m 930 P (45, T J
889 m 890 P ( 54), T (36)
849 m 851 P ( 62), T (28)
812  w 813 P ( 69), T (21)
779 m 778 P { 76), T {15)
755 m 745 P (82, T{D)
738 m 718 P ( 88
727 w,sh 895 P { 92)

679 P ( 96)

667 P ( 96)
716 s 661 P (100)

® s, m, w, v, sh mean strong, medium, weak,

very, and shoulder.

P. £. D.=potenrtial energy distribution where
W, R P T U, B3 w g uCO0) and §COO)
indicate methylene wagging, C-C stretching,
methylene rocking-twisting, twisting-rocking,
methyl symmetric bending, rocking, C-C-C
bending, methylene bending, carboxylate
symmetric stretching, and bending, respec-
tively.
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Table 3. Observed and calculated frequencies
(cm™Y) for n=16

A’ mode
Vot giﬁ;ﬁi Vo P.E.D. (%)
1416 W (45), R (27), 8 {17
1419 S 1413 W (40), & (28), R {23)
1408 W (53}, R (28), & (16)
1401 W (b7}, R (28), 6 (13)
1391 W (60}, R (26), § (11)
1385 w 1380 W (60}, R (23)
1371 vw, sh 1372 U (77, W ({1
1364 W 1364 W (66), R (18)
1355 w 1348 W (75), R (15)
1340 m 1331 W (81), R (10)
1323 m 1314 W (86)
1303 m 1268 W (88)
1283 m 1282 W (88)
1263 m 1266 W ({86)
1244 m 1245 W (82), w (10)
1224 m 1229 W (78), w (11)
1205 m 1203 W({TT), w (10)
1185 m 1178 W(SG)
1130 W 1127 R (39), w (34), W (L1),
ﬁ (10)
1104 m 1096 ( 0), w (28), W (20)
1072w 1072 74), W (18)
1071 R (80).W(18)
1062 R (74), W (20)
1066 R (81l), W17}
1063 R (76), W (16}
1062 R (75, W (1T
1056 w 1061 R (78} W (16)
1048 R (69), w (13), W (13)
1030 w 1037 R (78), W (10)
1019 R (84)
1003 VW 1009 R (69), w {17), W (13}
991 w 992 R (82)
975 R (78), w (15) W (10)
970 VW 969 R (80, w (11)
917 m 850 R {48), B (32)
888 w 888 R {48}, 6(COO} (40}

iy FHET B, #1125 U ~0EE
Eﬁ“fTﬂfv;VavﬂyF®ﬁWMé65
B L, B CES Ay FOBED
b, ddic detectable &£725, IV ELED
BT, IhoOd~NTOAY Fid smear out &
N3,n=14,18 20 iBIL T bREREL A <% b
BEASHIGE & Nz, n=14~20 O I, 11, 11T Tifl]

Table 3. continued

A’ mode

Vess. ﬁf:fs‘l‘g Vort P.E.D. (%)
1302 T { 92)
1302 T { 96)
1300 T { 97)
1300 T { 96)
1298 T { 95)

1297 m, sh 1297 T {99
1296 T {100)

1291 w 1294 T { 90)

1287 T { 86), P (12)

1280 w, sh 1278 T ( 81), P (16)

1265 T (75), P (22)

1259 w, sh 1250 T ( 67}, P (28}

1232 T ( 57), P (3T7)
1219 vw, sh 1212 P (49), T (43)
1192 P ( 64), T (25)

1173 vw 1176 P { 89)

1102 T { 64), P {32)

1042 vw 1039 T ( 90)

1020 W 1014 T ( 79), P (21)
987 w 982 T ( 62), P (32)
951 w 948 T ( 51), P (41}
914 vw, sh 914 P{49), T (41)
877 m 879 P (87, T (34)
841 m 844 F{ 64), T (27
809 m 811 P{70), T (21
780 m 779 P{76), T (16)
759 m 750 P{ 82, T2
743 m 725 P ( 87)

732 m 704 P [ 91)
687 P ( 94}
674 P(97)
665 P (99
716 s 660 P (100)

EENFF iy F% Table 6 icF &7,
B EBWTES Wi iy Fa
normal 7ibd D3 kA — ¥ a YR F
EHET B Lk 0 EHEEREE RS L,
normal T YORiEE— FORENHEE LD
2 5 SE0ESO L S HE—O class D45
DT well transferable Th 5 EBbh s, R
o€ — FOREISIERIET — v @l lTg
tiT—vadk 3 vREENFNEL, ¥y
Yo RED OBEBE L5 v ASZHEVT v
A—a vERAILERT), FINd—va
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Table 4. Observed and calculated frequencies
{em™!) for n=:18

A’ mode
Fobs. liflt;:::x:’ Peale, P ED (9’6)
1417 s 1414 & (49), W (18), R(13
1410 W{61), R (33
1406 W (59), R {31)
1400 W (B0), R {29), § {1D)
1393 W (61), R (27), & {10)
1384 W (62), R (25)
1386 m 1374 W41}, U (34), R {18)
1373 w 1371 U (50), W (33), R {12)
1360 W(70), R (18)
1352 w 1346 W (76), R (14)
1340 m 1331 W(BL, R (10
1324 m 1315 W (86)
1307 m 1301 W (88)
1289 m 1287 W (89
1272 m 1272 W8N
1253 m 1257 W (83)
1236 m 1240 W(79), @ {11)
1219 m 1221 W ({786), w {12)
1201 m 1199 W({78), w (11)
1185 m 1176 W (86)
1131 w 1131 R {40), w (35), W (10
1108 m 1104 R {39), @ (29), W (21)
1078 w 1074 R {50), @ (21), W (21)
1067 R (8%), W (16)
1067 R (79), W17
1065 R (80), W (16)
1060 w 1063 R (82), W(17)
1059 R (82), W(17)
1057 R (78), W (16)
1066 R (79), W (15)
1064 R (81), W(I1)
1035 w 1037 R (84)
1026 vw 1031 R (61), @ (18), W (16)
1009 w 1015 R (88)
998 w 1000 R (69), @ (16), W (11}
986 vw 991 R (81)
974 R {T7), w (18}
972 w 971 R (80), @ (12}
917 m 891 R 47y B (33)
888 w 888 R (49) S(COO) (40)

gg) # v 7 (gtg) a2 vk A — v a gL
normal 7 A7 iClEd 2 EHERIETEIC L b
BHENTORT, Chsoffhicl-os, M
I, Il TRIES Wiofifcf/2 v Fid Table 6 7R
THuCRBE i, chids F R T &

Table 4. continued

A’ mode
Vv Eﬁf;::;? Veate P.E.D. (%)
1302 T ( 96)
1302 T { 96)
1301 T ( 96)
1300w 1300 T ( 97)
1208 T ( 98)
1298 T ( 95)
1207 T ( 98)
1296 T ( 99)
1204 T ( 90)
1283 vw,sh 1288 T { 86), P (12)
1280 T ( 81), P (I6)
1270 T { 76), P (20)
1257 T ( 70), P (26)
1242 T ( 62), P (33)
1225 T ( 52), P (41)
1206 P ( 53), T (39)
1188 P ( 69), T (22)
1172 wvw 1176 P ( 87)
1095  vw 1103 T ( 64), P (32)
1044w 1041 T { 92)
1020 T ( 78). P (18)
993 T { 66), P (29)
967  w 963 T ( 56), P (38)
933 vw 932 T ( 47}, P (46)
900 m 901 P ( 53), T (39)
868  w 870 P ( 59), T (32)
836 m 839 P ( 65 T (26)
807 w 809 P (71, T @1
781  m 780 P ( 77, T (16}
761  m 754 P ( 82), T (12)
746 m 731 P ( 86)
735 w, sh 711 P ({80
726 m,sh 694 P ( 93)
681 P { 96)
671 P (97
664 P ( 99)
716 s 660 P (100)

A—va VESEET AL ERLTV A, #
ENHTEsEn=20dLatg’ 3 vk A— a2
VNG, BRETRRBOTEEVL 2k
Doy P -1, 7O by v a o3l FOM
o &Ry FORBEOER, L, n=14
~20 iSO WTHY, I, HIpTaydss—va
DENMBHEL TN SD Y FOTERP O IV &
O BRI THEEBEERENE L LBERT R
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Table 5. Observed and calculated frequencies

Table 5. continued

{em™" for n=20 A’ mode
A’ mode —
elabive
Relative Vabs. intensity P.E.D. (%)
Yaw intensity U P.E.D. (%}
1303 T ( 95)
1420 s 1414 & (49), W (18), 1305 W 1302 R { 96)
1{COO) (15), R (13) 1302 T { 95)
1411 W (61), R (34) 1301 T ( 96)
1407 W (60}, R (32) 1300 T ( 97)
1403 W (60), R (30) 1299 T ( 95)
1396 W (60), R (28) 12908 T ( 96)
1389 W {62), R (26) 1287 T ( 99)
1885  vw 1380 W (60), R (24) 1296 T (100)
1372 vw 1373 U (58), W (25), R (13) 1294 T ( 89), P (10)
1368 W (54), U (22), R (16) 1280 T ( 85), P (18)
1362 vw 1357 W(71) R (17) 1284 w 1281 T ( 81), P (I7)
1352w 1344 W (76), R (14) 1271 T (77, P (2D
1340w 1330 W {82) R (10) 1269 T ( 71), P (27)
18326  w 1316 W (86) 1246 T ( 65), P (33)
1311 m 1303 W (88) 1230 T ( 56} P (42)
1203 m 1290 W (89} 1212 P { 53), T (46)
1277 m 1278 W (88) 1194 P ( 86), T (12)
1261  m 1265 W {85) 1179 P { 86), T (12)
1246 m 1250 W (82), w (10) 1108 m 1103 T ( &4), F (32)
1229 m 1234 W (78), @ (11} 1184 w 1086 T ( 75), P (24)
1214 m 1216 W (768), & (12) 1037 vw 1040 T ( 90), P (1D
1197 m 1195 W (76), w (10) 1018 wvw 1018 T ( 75), P (24)
1183 m 1176 W (87) 993 T { 438). 8 (31), P (24)
1130w 1121 R (41), @ (36) 990 W 988 A ( 50, T (30), P (16)
1111 m,sh 1107 R (39), w (30), W (21} 950  vw 962 T ( 54), P (43)
1079 R (46), & (24), W (22) 920 m,sh 932 P ( 51), T {46)
1068 R (80), W (16) 902 P ( 58), T (39)
1068 R (81, W (17) 859 m 872 P { 64), T (33)
1065 R (80), W (17) 832 m 842 P ( 69), T (28)
1064 R (78). W (16) 806 m 815 P ( 75), T (23)
1063 w 1062 R (80), W (13) 782 m 787 P ( 79), T (18)
1061 R (80), W (16) 763 m 762 P ( 83), T (14)
1058 R (81), W{IT) 749w 739 P {87, T (11
1064 w 1066 R (83), W(1T7) 739 m 718 P ( 90)
1050 R (84) 781  w,sh 702 P (93)
1045  w 1045 R (64), @ (16), W (15) 688 P ( 95)
1031 vw 1033 R (75), @ (10), W (10) 677 P (97
1026  vw 1021 R (81) 669 P { 98)
1008 ww 1009 R (67), w (15), W (12) 663 P ( 99)
996 R (83) 716 s 660 P (100)
980  w 986 R (73), @ (14)
973 R (81), w (11)
968  vw 969 R (78), w (12) 2o
517 m 889 R (49), 8 (31) T ORGSR ERELT 320, Fig 4 WRT
888 m 888 R {49), 6(COQ) (40)

ks wvans FVOEBERFEEERNEL

tzo  1000~1500 cm™ fERIc B 5 7 v+ L8
D32 YEART PO T vk A — s VRFF
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Fig. 3. Temperature dependence of IR spec-
trum for n=16 in the 400~1500cm™’
region.

Table 6. Frequencies (cm™!} of conformational
defect bands observed in phases U, 11, and 11

for n=14~20
n=14 16 18 20 OSEN gy
‘ment
1348 1348 1348 1347 g~ 9
1280 (grg) 10
1116 *
1095 (gig) 10
1081 ¥
1075 1077 1072 1075 gi— 9
943 *
93z 928 933 (@-) 10
867 @-) 10
855 g— 11
770 772 774 7176 g~ 10
760 *
748 752 754 *

{ ), uncertain; *, not assigned at the present
stage.
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1350 1300 12501200 100 1600
W<:L\.renumt>er1'cm'1

Fig. 4. Temperature dependence of Raman
spectra for n=14,
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EUCH) E— FO¥E¥— 78T s s~
t(CH,), v{CC), 1,(CC) E— FO ¥ — 7 Yo
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F&i20WI~o0ERICEVT, 1130 cm™! #¢
v EOEBE (ChiEEWV A4 F 1 sequences T
HEMLsOTH D) HERICED Ui, 811,
I DEFITENT, TTO/ 8y FOME (G0
b I v R sequences I b 0EESE) M
Blds, HIVEEORERLBWT, Thod
+¥ Rif smear out ¥, Licdi-TIRMlIRE
ORI S v vllER L - THERE N,
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Fig. 5. Temperature dependence of relative peak intensities of Raman spectra for n=14~20,
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