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Abstract

Poly(O-acetyl,L-serine), which is a precursor of polyéerine) in synthesic sequence, is found to exist in cfossnformation. Normal
mode analyses including phonon dispersion have been performed, to understand completely the FTIR spectra of this polypeptide, using
Wilson’s GF matrix method and Urey—Bradley force field. The characteristic features of dispersion curves like repulsion, exchange of
character and bunching have been observed and discussed. In addition to the above the heat capacity is calculated as a function of temperatur
via density-of-states derived from dispersion curn@4.999 Elsevier Science Ltd. All rights reserved.
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1. Introduction and in several linear polypeptides [7] and cyclic polypep-
tides including peptide hormones [8] and antibodies [9]. On
In a recent publication in this journal the authors have the basis of X-ray diffraction and birefringence measure-
reported a study of the dispersion of normal modes in 1,4 ments, Imahori et al. [3] showed that PALS exists in a
trans poly(1,3-pentadiene) [1]. In continuation of this work crossg conformation rather than a parall@l-structure.
we are reporting, in the present communication, a study of They have also performed optical rotatory dispersion
phonon dispersion and heat capacity of pOGhgcetyl, measurements on PALS in dichloroacetic acid (25%)—
L-serine) (PALS), which is a polypeptide. The conforma- chloroform (75%) solution and concluded that in solution
tional studies on PALS, which is a precursor of also PALS exists in cros-conformation with a small
poly(L-serine) (PLS), in synthesic sequence, have beenamount of random coil conformation. X-ray diffraction
extensively carried out by Fasman and Blout [2]. On the studies suggest that the unit cell of PALS in cr@issenfor-
basis of rotatory dispersion of PALS they proposed a paral- mation is orthorhombic witha= 9.6, b=6.48 and
lel-B structure to this polymer. Later on Imahori and Yahara ¢ = 9.71A. The characterization of PALS conformation
[3], in their study of optical properties and conformations of may throw light on the study of the conformations of
PALS and PLS on the basis of infrared spectroscopy, havey-globulin and epidermin which have a high content of
shown that depending upon the mode of preparation for serine compared with normal proteins.
solid films of PALS two conformations are observed. The  Vibrational spectroscopy plays an important role in
one obtained by directional rubbing of very viscous solution polypeptide characterization, determining crystallinity,
of PALS in trifluoro acetic acid was found to have a cr@ss- conformation, intra- and inter-molecular hydrogen bonding,
structure while the other obtained by strong rubbing in one fold structure of polymers, composition and sequence distri-
direction was shown to be in a parallglstructure. Cros§ bution in copolymers. Recently much work has been
conformation is essentially an antiparalglform but reported on phonon dispersion on a variety of polymeric
involves only a single chain which folds back on itself to systems [10—14]. The present authors have demonstrated
form intra-chain hydrogen bonds [4]. This type of structure its potential in fuller interpretation of complex IR and
is found to be present in fibrous proteins like keratin [5], Raman spectra through dispersion curves which are also
epidermin [5], myosin [5] and silk [6], in globular proteins essential for understanding the behavior of polymers at
the microscopic level. Dispersion curves also provide infor-
mation on the interactions of a given mode along the chain.
* Corresponding author. Fax: 91-522-223405. Further, the frequency distribution function obtained from
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spectra and the agreement between the two is found to be
reasonably good. Frequency distribution function derived
from dispersion curves is used to calculate the heat capacity
in the temperature range 50—500 K.

2. Experiment and theory

The sample of PALS was purchased from Sigma
Chemicals, USA (P 7142, Lot no. 32F50671, DP(vis) 91,
MW(vis) 11,700). The Fourier transform infrared (FTIR)
spectra were recorded on a Perkin Elmer 1800 spectrometer.
The sample was prepared by mixing the sample in Csl and
pressing in the form of a pellet. Before recording the spectra
the equipment was purged with dry nitrogen.

2.1. Calculation of normal mode frequencies

The calculation of normal mode frequencies was carried
out according to Wilson's GF matrix method [15,16] as
modified by Higgs [17] for an infinite polymeric chain. In
brief, the vibrational secular equation, which gives the
Fig. 1. Chemical repeat unit of PALS. normal mode frequencies, has the form

IG(OF(B) — AB)I| =0 0=b6=mn Q)
the dispersion curves may be .used to calculate the eIagtlcwhereG is the inverse kinetic energy matri,the potential
and thermodynamical properties such as heat capacity,

entrooy and enthalpy chanaes of polvmers. In this way €9y matrix andd is the vibrational phase difference
ntropy Py 9 poly Lo Y petween the corresponding modes of adjacent residue units.
dispersion curves can be used to correlate the microscopic The vibrational frequencies () (in cm ) are related to

behavior with the macroscopic properties. . _ ; o
To the best of our knowledge no work on phonon disper- the eigenvalue(3) by the following relation:

sion of PALS has been reported so far. In the present study A () = A7) )
normal modes and their dispersion within the first Brillouin

zone have been calculated for PALS. Calculated frequenciesA plot of v;(8) versuss gives the dispersion curve for thth
compare well with the peaks observed in the recorded FTIR mode.

T T
4000.0 2000.0 1500.0 1000.0 1/cmBOO

Fig. 2. FTIR spectra of PALS (4000—600 .
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Table 1 . using Debye’s relation

Internal coordinates and force constants (myd/A ¢, w, T denote stretch,

anglebend, wag and torsion, respectively; stretching force-constants C, — Z (1)kN (hu/kT)2 exp(hv,—/kT) 4
between the nonbonded atoms in each angular triplet (gem configuration) v j 9 AV [ethyj/kT) — ]_]2

are given in parentheses)

Internal coordinate Force constant Internal coordinate Force constant with

v[C—Cq] 2.34 ¢[C—Ca—Ha] 0.36 (0.20) Jg(u,) dy =1 (5)
v[Ca—H] 4.167 $[C—Ca—CB] 0.43 (0.20)

v[Ca—N] 2.40 $[C-Co—N] 022 (0.48) The constant volume heat capad@ly given by Eq. (4) is
v[N—H] 5.665 ¢[Ha—Ca—N] 0.165 (0.80) ; A

»[Ca—CB] 290 $[N-Co—C] 0.22 (0.48) converted into constant pressure heat capdgitysing the
vIN==C] 5.26 S[H—-Ca—CB] 0.345 (0.20) Nernst—Lindemann approximation [18]

v[CB—HBq] 4,195 $[Ca—N==C] 0.65 (0.30) B 5 0

J[CB—0a] 3.61 H[Ca—N—H] 0.40 (0.47) Cp — Cy = 3RAY(CRT/Cy Try) (6)
Z{go‘:—gg]] l‘g'gi ﬂ:[_isf;é:—]ca] 8'327((2612)2) where A, is a constant often of universal value
V[Cz_cﬁ] 328 S[00—CB_Hpa]  0.344 (0.34) [3.9x 10 (Kmol) J7!] and TY is the estimated equili-
Y[Co—Hda] 4.402 $[HBa—CR—HBR] 0.442 (0.17) brium melting temperature.

v[C==0] 8.85 $[Ca—CB-0a]  0.51 (0.25)

w[0==C] 0.233 #[CB—Oa—Cy]  0.36 (0.20)

w[OB=CH] 0.57 ¢[Oa—Cy=0B]  0.30 (0.50) 3. Results and discussion

w[H-N] 0.1568 $[0a—Cy-C3]  0.51 (0.36)

7[Ca—N] 0.055 $[Op=Cy-C3]  0.57 (0.36) The unit cell of PALS, as shown in Fig. 1, has 16 atoms
:{(,\‘jo_c—_gé] g'ggg i{ﬁg_?&s’jﬁ?ﬁ] 8??9(%23)15) giving rise to 48 normal modes and their dispersion. The
7[CB-0] 0.030 ¢[N=1 ——0] 071 (0.70) normal mode frequencies have been calculated foréthe
7[0a—Cy] 0.090 S[N==C—Cu] 0.21 (0.60) values ranging from O ter in steps of 0.0&. The Urey—
7[Cy-C3] 0.035 ¢[0O==C-C] 0.395 (0.60) Bradley force field, which provides a better description of
7[C~Ca] 0.025 the intra-unit interactions and the interactions between

neighboring units, is used for the calculation of normal

mode frequencies. Force constants, initially taken from

2.2. Calculation of heat capacity PLS [14] and other molecules having atoms placed in simi-
lar environment, have been modified to give the “best fit” to

Dispersion curves can be used to calculate the heat capathe observed FTIR spectra (shown in Fig. 2). Best fitted
city of a polymeric system. For a one-dimensional system force constants are given in Table 1. The assignment of
the density-of-state function or the frequency distribution modes is based not only on potential energy distribution

function is calculated from the relation (PED) but also on the line intensity and line profile in
FTIR. Second derivative spectra have also been very useful
g(v) = Z (d,,j/dg)*l | 3 in the assignments.
j y(®=v In Figs. 3(a), 4(a) and 5(a) we have plotted the dispersion

of modes below 1400 ci. All modes with a higher
The sum is over all branchg¢sConsidering a solid as an  frequency are either nondispersive or show very little disper-
assembly of harmonic oscillators, the frequency distribution sion. Four zero frequencies shown in Fig. 5(a) are the four
g(v) is equivalent to a partition function. acoustic modes, two of which &= 0 correspond to the
The constant volume heat capac@ly can be calculated translations and rotation about the chain axis, the other two

Table 2

Back bone modes

Frequency (cri') Assignments %PED &t = 0 Frequency (cm") Assignments %PED &t = 7

Calculated Observed Calculated Observed

3303 3304 v[N—H](100) (Amide A) 3303 3304 v[N—H](100)

2962 2962 v[Ca—H](99) 2962 2962 v[Ca—H](99)

1640 1641 v[C==0](71) + v[N==C](16) (Amide I) 1637 1641 v[C==0](73) + v[N==C](14)

1521 1522 #[Ca—N-H](38)+ ¢[H-N-C](33)+ 1517 1522 d[Ca—N—-H](38)+ ¢[H-N==C](31) +
v[N==C](18) (Amide II) v[N==C](19)

1229 1225 v[N==C](35) + v[C—Ca](13) + ¢[Ca—N— 1217 1225 v[N==C](31) + v[C—Ca](12) + v[Ca—N](11) +
H](12) + ¢[N==C==0](7) + v[Ca—N](6) + $[Ca—N-H](10)+ ¢[N==C==0](9) +

H-N==C + ¢[Ha—Ca—N](5) (Amide III) $[0==C—Cu](5)
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Fig. 3. (a) Dispersion curves of PALS (1400—800 ¢ (b) Density-of-stateg(v) (1400—800 cri?).

até = 7 correspond to translations perpendicular to the chain 4. Amide modes

axis. Pure back bone and pure side chain modes are given in

Tables 2 and 4, respectively. The mixed modes which involve  Amide group of polypeptides gives rise to strong charac-
a coupling of back bone and side chain modes are given interistic bands usually referred to as amide modes. These
Table 5. Although the spectra is not available below amide modes (Amide A, I-VII) are very useful in the deter-
600 cm %, our calculations are expected to be correct for mination of the conformation of polymers. Amides | and Il
more than one reason. First, they occur in the same rangesolely depend on the conformation of the main chain and are
as do these modes in other polymers (Table 3). Second, sincalmost unaffected by the side chain conformation. The
the force constants which provide a good matching in the parallel and perpendicular dichroism of both parallel and
higher frequency region are also involved in the lower antiparallelg forms have been shown to be opposite to
frequency region, reasonable values are expected in thisthose of thea-helix in the amide | and Il regions. The
region as well. crossg form is found to have the same dichroism as is
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Fig. 4. (a) Dispersion curves of PALS (800—300 ¢ (b) Density-of-stateg(») (800—300 cm?).

associated with the-helix (because of the fact that the assigned to 3304 cnt whereas in PLS it is calculated at
polypeptide chain is perpendicular to fiber axis) [4], but 3318 cm . Higher frequency in PLS is attributed to the
the amide | and Il bands of thi3-form appear at the same weaker hydrogen bond strength. Amide | mode having a
frequencies as are ascribed to the antipar@lfdrm. Other mixed contribution from stretches of €O and G=N
amide modes which although depend on the conformation bonds is calculated at 1640 ¢hand assigned to the peak
of side chain but still have a common range for a given main observed at 1641 cnt which falls in the same general
chain conformation. A comparison of amide modes of region (Table 3). The amide Il peak is observed at
PALS with other polymers having antiparallgl-sheet 1522 cm * and calculated at 1521 crh
conformation is given in Table 3. Amide Il mode does not solely depend on the back bone
Amide A mode which is purely due to the N—H stretch conformation. Side chain also plays an important role [19].
vibration is highly sensitive to the strength of N~HD=C This mode having contributions from=@M and C-G&
hydrogen bond. In PALS it is calculated at 3303 ¢rand is stretches and €N in-plane bend is calculated at
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Fig. 5. (a) Dispersion curves of PALS (300—00 ¢in (b) Density-of-stateg(») (300—00 cm?).

1229 cm *. This mode corresponds to the observed peak attides having antiparallgs-sheet confirmation, in
1225 cm L. It is evident from Table 3 that the nature of the particular those which disperse, shows that they have
side chain does affect this mode. Similarly the amide V, in similar profile of dispersion curves although the
addition to the main chain and side chain conformation, is frequencies both at the zone center and zone boundary
also affected by the hydrogen bond strength. The modeare different. This is what one would expect because of
calculated at 695 cit has major contribution of N—H  the interactions of these modes in a varying degree with
out-of-plane bend (amide V) and it is assigned to the peak the modes belonging to the side chain. Such a compar-
at 696 cm *. C=0 in-plane bending (amide V) and out-of- ison between acoustic and low frequency optical
plane bending (amide VI) are calculated at 600 and dispersion curves exists for polypeptides in similar
448 cm '}, respectively. conformations [20]. As expected the frequencies are
A comparison of various amide modes of polypep- again different because of their interactive nature.
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Table 3
Comparison of amide modes pfPALS with other-sheet polypeptides [All frequencies are in ThPALS: poly(©-acetyl,L-serine); PBLC: poly&-benzyl,
L-cysteine); PLS: poly(-serine); PLV: poly(-valine); PLA: polyf.-alanine).]

Modes B-PALS B-PBLC B-PLS B-PLV B-PLA
5=0 S=m §=0 S=m §=0 S=nm 5=0 S=m §=0 S=m

Amide A 3303 3303 3201 3201 3318 3318 3290 3290 3283 3283
Amide | 1640 1637 1634 1629 1637 1628 1638 1638 1695 1634
Amide Il 1521 1517 1518 1511 1532 1537 1545 1545 1524 1524
Amide 11l 1229 1217 1261 1222 1249 1270 1228 1228 1224 1241
Amide IV 600 - 617 798 533 773 548 684 594 657
Amide V 695 718 719 668 713 685 715 715 622 705
Amide VI 448 515 525 638 533 647 615 628 594 657

at 1480 and 1468 citt which are, respectively, assigned to

peaks at 1482 and 1466 cthwhile that of CH group is
The side chain of PALS consists of a ggroup attached  calculated at 1447 cit (assigned to 1446 cil). The peak

with an acetyl group. The modes involving the motion of observed at 1379 cn corresponds to the symmetric defor-

these atoms are termed as side chain modes and are given imation mode of methyl group calculated at 1380 ¢nThe

Table 4. The antisymmetric and symmetric CH stretches of modes calculated at 1260 and 989 ¢rhave a major contri-

CH, group calculated at 2896 and 2872 chare assignedto  bution of C—O and C—C stretches of the side chain. These

observed peaks at the same value. Symmetric CH stretch oimodes are, respectively, assigned to the observed frequen-

methyl group is calculated at 2961 ch (assigned to  cies at 1263 and 993 ¢

2962 cm*) while the antisymmetric degenerate stretches

calculated at 2939 and 2938 ch correspond to the

observed peak frequency at 2938 ¢mBeing highly loca- 6. Dispersion curves

lized these modes are observed in the same range in other

polypeptides. The observed peak at 1750 trorresponds Dispersion curves of PALS are shown in Figs. 3(a), 4(a)

to the C=0O stretch of acetyl group calculated at the same 5pg 5(a). Since the modes above 1400 tare nondisper-

value. sive only the modes below this are shown. One of the char-
The scissoring vibrations of methyl group are calculated gcteristic features of dispersion curves is the repulsion and

exchange of character between various pairs of modes. Such

feature is observed for pairs of modes of frequencies 989

and 984 cm* and 633 and 599 cit in the neighborhood of

6 = 0.57. It is observed that the modes come closer up to

this 6 value and diverge thereafter because of repulsion at

5. Side chain modes

Table 4
Side chain modes

Frequency (cri) Assignments %PED &= 0

Calculated Observed . ; . .
higheré values. The regions of high density-of-states where
2961 2962 v[C8—Hba](100) (dwl/ k) — 0 are akin to critical points known as Von Hove
2939 2938 ¥[C8~Hba](100) singularities in lattice dynamics [21]. They are generally
2938 2938 VICd-Hde](100) due to internal symmetry points in the energy momentum
2896 2896 v[CB—HBx](99) y y P o 9y -
2872 2872 »[CR—HBa](100) space. A knowledge .of these is important in obtalnmg
1750 1750 v[Cy=0B](76) + »[Oa—Cy](11) several thermodynamic properties such as heat capacity,
1480 1482 ¢[H3y—Co—HdB](95) enthalpy changes, etc. They are more conveniently obser-
1468 1466 $[HdY-CO—HBP](96) vable in inelastic incoherent neutron scattering.
1447 1446 gg;gg)_ CB-HBRI(76) + $[HPa—CB- The contributions of »(CB—Oa) and »(Ca—CB) in
1380 1379 H[HOy—C3—HdB](37) + $[Cy—Co— 989 Cmii and that Of(ﬁ(C'Y—CS—HB'Y) anq w(OB=C’y) in
H3v](34) + »[Cy—C3](20) + »[Oa— 984 cm - mode goes on decreasing tifl = 0.57. The
CyI(8) modes come closer upto thisvalue where they exchange
1260 1263 v[0a—Cy](44) + v[Cy-CR](14) + their PEDs and beyond this the respective contributions in
ﬁé%;’(;ﬁ_g[sggig_‘g}%_@_ each mode start increasing and the modes diverge from each
989 993 V[CB-0u](33) + »[Ca—CB](22) + other. Character exchange and repulsion is a_Iso observed for
$[Cy—Cd—H3v](6) pair of modes of frequency 633 and 599 ¢t is observed
894 - $[Cy—Cd—Hdv](81) that the lower frequency mode approaches the higher one
140 - 7[Cy-C](93) uptod = 0.557. The PEDs of the two modes are exchanged
113 - 7[0a—Cy](62) + T[Ca—CB](14) +

w[OB = CY](6)

at this 6 value. Beyond this the lower frequency mode
remains constant at 632 crh upto the zone boundary
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Table 5
Mix modes

Frequency (cri?) Assighments %PED at= 0 Frequency (cm?) Assignments %PED &t = =

Calculated Observed Calculated Observed

1343 1340 d[Ha—Ca—N](36) + ¢[C—Ca—Ha](17) + 1334 1340 $[Ha—Ca—N](29) + ¢[HR-CR—Ca](17) +
¢[HBa—CB—Ca](12) + v[C—Ca](11) + $[Oa—CB—HBa](15) + ¢[C—Ca—Ha](14) +
$[Oa—CB—HB](9) v[C—Ca](6) + »[CB—Ou](5)

1318 1315 $[Oa—CB—HBa](24) + ¢[HBa—CB— 1316 1315 ¢[Ha—Ca—N](24) + $[Oa—CR—HBa](19) +
Ca](20) + ¢[Ha—Ca—N](16) + v[CB— ¢[HBa—CB—Ca](16) + ¢[C—Ca—Ha](8) +
0Oa](10) + v[Ca—CB](9) + ¢[C—Ca—Ha](5) v[CB—0a](8) + v[Ca—CB](8)

1165 1167 d[HBa—CB—Ca](45) + ¢[Oa—CR— 1147 - ¢[HBa—CR—Ca](47) + ¢[Oa—CB—HB](35) +
HB](28) + v[Ca—N](13) v[N==C](7)

1056 1053 ¢[H-Ca—CB](21) + v[Ca—N](17) + 1063 1053 v[Ca—CB](26) + ¢[H—Ca—CB](26) + v[Ca—
$[Oa—CB—HBa](17) + v[CR—0Ox](16) + N](10) + v[CB—0a](9) + ¢[Oa—CB—
v[C—Ca](7) + $[C—Ca—Ha](7) HBo](8) + ¢[HBa—CR—Ca](6)

1045 1047 v[Ca—CB](33) + v[Ca—N](26) + $[Oa—CB— 1017 - v[CB—0a](29) + v[Ca—CB](23) +
HBa](11) + ¢p[H-Ca—CB](7) + v[Ca—N](14) + ¢[Oa—CB—HBa](7) +
$[HBa—CB—Ca](7) $[C—-Ca—CB](5)

984 - [Cy—C3—Hdv](68) + w[OB=Cv](18) 960 946 [CB—0](30) + ¢[H-Ca—CB](19) + ¢[C—Ca—
Ha](8) + v[N==C](8) + ¢[Oa—CB—

HBa](7) + v[Ca—N](6) + v[C—Ca](6)

945 946 ¢[H-Ca—Cp](18) + v[CR—Oa](15) + 927 - v[Ca—N](27) + v[Ca—CB](16) + ¢[Ca—N-—
v[C—Ca](9) + ¢[Ca—N-C](9)+ CI(8) + v[C—Ca](7) + ¢[H—Ca—CB](6) +
v[C==0](8) + v[N==C](7) $[Ca—CB-0Oa](5)

884 887 ¢[H-Ca—CB](26) + v[C—Ca](18) + ¢[C—Ca— 869 - v[C—Ca](28) + ¢[H—Ca—CB](19) + ¢[C—Ca—
Ha](16) + v[Ca—CB](12) + v[C==0](5) Ha](11) + ¢[Oa—CR—-HBa](7) + v[Cy—CB](5)

844 846 y[Cy—C3](51) + v[Oa—Cy](20) + v[Cy=0B](9) 837 846 v[Cy—C3](46) + v[Oa—Cy](20) +
v[Cy=0B](8) + v[C-Cu](8)

798 799 $[Oa—CB—HBa](39) + ¢[HRa—CB— 800 799 $[Oa—CB—HBa](30) + ¢p[HRa—CB—

Ca](38) + v[Ca—N](6) Ca](27) + ¢[N==C==0](9) + v[C—
Ca](6) + ¢[Ca—N==C](5)

695 696 w[H-N](66) + «[O==C](11) 718 719 w[H-N](28) + v[Ca—N](18) +
$[N==C==0](8) + ¢[HBa—CB—Ca](7)

632 633 w[OB=Cv](67) + ¢[Cy—Cd—Hdv](21) + 652 661 w[H-N](50) + v[Ca—N](8) + w[0O==C](7) +

MOa—Cy](7) v[C-Ca](6) + ¢$[O==C—Cu](6)

600 - $[N==C==0](36) + ¢[O==C-C](20) + v[C— 632 633 w[OB=Cv](67) + ¢[Cy—Cd—H3v](20) +
Ca](9) + ¢[Ca—CB—0u](6) + $[C—Ca—CB](5) T0a-Cy](7)

481 - »[OB=Cy—C3](35) + $p[Oa—Cy=0p](18) + 515 - w[0O==C](17) + ¢[C—Ca—N](16) + ¢[N==C-
$[CB—0a—Cy](9) + w[O==C](6) + Ca](14) + ¢[O==C-C](8) + w[H-N](6) +
v[Cy-CR](6) + $[C—Ca—CB](5) $[C—Ca—CB](5)

448 - w[O==C](38) + w[H-N](14) + $[OB=Cy— 482 - $[OB=Cy—C3](18) + ¢p[N-C—Cu](16) + $[Oa—
Co](13) + ¢[C—Ca—CB](11) + $[C—Ca— Cy=08](13) + ¢[N-Ca—CB](8) + ¢[CR—Ou—
N](7) + ¢[Oa—Cy—C3](6) Cy1(8) + w[O==C](6) + $[O==C—Cu](6)

402 - d[Oa—Cy—C](42) + ¢[Oa—Cy=0p](20) + ¢[Ca— 459 - $[OB=Cy—C3](30) + w[O==C](21) + $[Oa—Cy—
CB—0a](7) + ¢[CR—-Oa—Cy](6) + w[O==C](6) C3](11) + ¢[C—-Ca—CB](6)

342 - G[N-Ca—CB](21) + ¢[Ca—CB—-0Ox](17) + 396 - $[Oa—Cy—C3](37) + ¢[Oa—Cy=0p](23) + ¢[Ca—
$[O==C-Cu](11) + H[OB=Cy-CB](7) + Cp—0u](10) + w[O==C](6)
$[CB—-Oa—Cy](6)

271 - G[N—-Ca—CB](55) + ¢[Ca—CB—0x](7) 314 - ¢[N-Ca—CB](21) + $[Ca—CB—0x](16) +
w[0==C](9) + ¢[Ca—N==C](8) +
$[CB—0u—Cy](6) + w[H-N](5)

219 - phi;[C—@&—-CB](17) + ¢[N==C-C](12) + 269 - ¢[N==C==0](23) + ¢[0==C—-Ca](20) +
$[0==C—-Ca](9) + ¢[C—Ca—N](9) + $[Ca—N==C](13) + ¢[C—Ca—N](12)
v[C—Ca](8) + ¢[C—Ca—Ha](7) + ¢[Ca—N-

Cl(6) + ¢[CR—Ou—Cy](6)

185 - $[Ca—N-C](34)+ $[N==C==0](16) + 225 - $[N-Ca—CB](26) + ¢[Ca—CB—0a](25) +
$[N==C-Ca](12) + ¢[C—-Ca—CB](7) + $[C—Ca—N](10)
$[H-N==C](6)

145 - $[C—Ca—N](23) + $[Ca—CB-0Oa](17) + 164 - ¢[C—Ca—CB](30) + Oa—Cy](12) +
0[0==C](12) + $[C—Ca—CB](9) w[0==C](11) + $[N-Ca—CB](9) + [CB—Oa—

Cy1(6) + $[C—Ca—N](6) + TCa—CB](5)
95 - S[CB—0a—Cy](39) + 1Ca—N](11) + 88 - 1O0a—Cy](47) + 7CB—0x](8) + ¢[CR—Oa—

v[Ca—N](7) + [Oa—Cy](6)

V() + $[C-Ca—CBI(7) +
o[OB=C~](5) + $[N—-Ca—CB](5)
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Frequency (cri)

Assighnments %PED a&t= 0

Calculated Observed

Frequency (cm®) Assignments %PED & = =

Calculated Observed
72 - $»[CB—O0a—Cy](24) + ¢[C—Ca—CB](20) + 59 - 7Ca—N](43) + {C—-Ca](18) +
»[Ca—CR—0a](12) + 1CR-0Ox](7) + w[0==C](14) + 7[CB-0Ox](9)
w[0O==C](6) + 1Oa—Cy](6)
49 - 7CB—0a](31) + 7{N==C](24) + #C— 26 — 7Ca—CB](21) + 74CR-0u](21) + $[C—Ca—
Ca](10) + w[O==C](7) + ¢[C—Ca—N](6) CB](11) + 7Ca—N](9) + 7Oa—-Cy](6) +
d[Ca—N==C](5)
25 - 7Ca—CB](50) + 4CR—0a](31) + {Oa—Cy](11) 24 - 7Ca—CB](24) + 7CR—0a](16) + $[C—Ca—
CBI(7) + ¢[Ca—N==C](6) + 1{Oa—Cy](5)
16 - 7N==C](27) + 7{CB—-0«](26) + 14 - 7CB—0a](40) + {Ca—CB](35) + ¢[N—Ca—CB](7)
7[Ca—CB](24) + 7{C-Ca](6)

1 - $[N==C—-Ca](26) + $p[O==C—-Cu](17) + 2 - 7IN==C-Ca](43) + ¢$[O==C-C](21) +
7C—Ca](15) + 4Ca—N](14) + d[N==C==0](13) + ¢[N==C-Cx](10)
7N==C](13) + ¢[N==C==0](10)

0 - »[Oa—Cy=0B](39) + ¢[Oa—Cy—C3](29) + 0 - d[Cy—C3—Hdv](51) + ¢[HEy—C3—HBB](46)
$[Op=Cy—C3](29)
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Fig. 6. Variation of heat capacit@, with temperature.
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while the higher frequency mode, which was constant so far, appreciable difference in heat capacity due to its sensitivity

increases to reach 652 chmat 6= . This interesting to these modes. In order to take into account this contribu-

phenomenon of exchange of character may be viewed astion the dispersion curves have to be calculated for three-

the collision of the two phonons approaching each other dimensional unit cell which is extremely difficult. It would

and exchanging their energy and then moving apart. not only make the problem almost intractable but also
The dispersion curves in the lower frequency region involve an enormous number of interactions which are

(~80-160 cm 1) fan out from the zone center towards the difficult to visualize and quantify.

zone boundary, appearing to repel each other. This feature is

also observed for the dispersion curves BPLS [14],

B-poly(L-alanine) [22], polyethylene [23] and polyglycine Acknowledgements

| [24] which take the planar zig-zag configuration. This ) . ) . o

common feature may be attributed to the absence of strong Financial assistance from the Council of Scientific and

intra-chain interactions stabilizing the structure in contrast 'ndustrial Research, New Delhi to N.K.M. and D.K. for
to strongly hydrogen bondeg-helix. the award of Senior Research Fellowship and to V.D.G.

The four zero frequencies (two @=0 and two at for the C.S.I.LR. Emeritus Scientist Project and to P.T.
&= m) correspond to the acoustic modes. These represent’om the Department of Science and Technology under
three translations (one parallel and two perpendicular to the Young Scientist Project is gratefully acknowledged.
chain axis) and one free rotation around the chain. The
shape of these is characteristic of the two fold helical
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