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INTERMOLECULAR VIBRATIONS IN THE LOW FREQUENCY
RAMAN SPECTRA OF L ALANINE CRYSTAL

Loh

ABSTRACT

T*e too» f'tqut^cy <. ISO em ' pot * '»d Raman ipecfa of L a*amrm imgit crystals by Wane and
Storms can bt •nttrprttwf me ft mean-nefutiy <n d i m >nt*aad of ranvtrsa and longitudinal phonom by
Mane and Storm» of tha nita'mo'ecu'af v<branon* t i-orgT.ont and/o' translations of tna four onentad
#ian»na mo'acu'a» >n th# un T cal' of th* offwhomb-c cvt'ai

INTRODUCTION

The tow frequency < 150 cm ' polarized Raman spectre of L alanine single crystals
have been measured by Wang and Stems1 and interpreted1 in terms of transverse and
longitudinal phonons with, however, targe orien*itional enistropy as well as polarization
anomalies To account for these unusual effects, a picture of dynamic disorder due to the
protonic motion in the inter molecular hydrogen bonds between the NH*} group of one
molecule and the CCK group of a neighboring molecule has been proposed1

In this note we shad, by comparing the Raman intensities «n the various polarized
spectra, show that the polanzed low frequency Raman spectra1 of L alanine stngle crystals can
be interpreted physically n w e meaningfully in terms, instead of transverse and longitudinal
phonons1 of the intermolecular vibrations2 3 i e ('brations and/or translations, of the four
on«*r.:ed alamne molecules wthm the unit cell of the orthorhombic alamne crystal, i e the
orijnted ges mode'

ORIENTED QAS MODEL

To apply the oriented gas model, we need to approximate the three principle axes of the

altmne molecul» >n the orthorhombic4 5 unit call of alanine crystal by:

(i) u The projection of the u axis on the ac crystailographic4 5 plane is taken to be the same
as that from the Cg C bond, where C a is the a carbon «tom and C is the cwbon from CO"2 u is
ptrpeddiculer to the sutiequently defírwd v The direction of u defined in this manner is close
to both the cryitallographic c axis'1 B as indicated by the directional cosines in Table I, and the
direction ui the molecular chain4 s in the crystal u is, therefore, likely the "high" frequency
ax«s, among u, v êndi w, of the intermolacular librations and translations

(ii) v — The direction of v is taken to be parallwl to the tina joining N of NH} and C^of C^H,
in the alanine molecule and is close to that of the crysteHogrephic4 6 a axis, Table I.

<iü}w — Th* diraction of w is perpendicular to both u and v and is close to that of the

cryttaHographic4'6 axis b, Tabla I



a

0 322

0 935

- 0 152

b

0 202

0 225

0 952

c

0923

0 275

0 262

Table I

Direction cosines of the approximated molecular axes u, v and w of the alanine mote«ule
with respect to the cryrtallographic M M a, b and e of the orthorhombk L-aJanine eryttal.

Following the steps by Suzuki et a l 6 in deriving the relative Raman intensities in various

polarized spectra under the assumption of the oriented gas model:

The transformation matrices of molecules 1,2,3 and 4, in the P 2 l 2 i 2 , unit cell, between
the molecule fixed co-ordinates u, v, w. «nd the crystal fixed coordinates a, b, c are expressed
by

T, = bu

cu

" a u

bu

"v v»

by b w

Cy C ^

~*v ~aw

bv bw

T2 -

and T4 =

•a

A

-au

-bu

c u

"by

-av

- t> v

where au is the cosine of the angle between the a and u »x*s and so on. The values of au>

av . . . are listed in Table I. The molecular temor with respect to the crystal fixed coordinates is
therefore given by

a. «m (2)

where i - 1, 2, 3 and 4 for molecules 1, 2, 3 and 4, repectively, and ot'm ~ derived
polarizability tensor of the free molecule with respect to a normal vibration Q.

On the assumption of the oriented gas model we assume additive polarizabilities.

«u *

where <*uis the polarizability tansor of the unit ctll. Using «ymmttry coordinates6 S A g , S B f I ,
SB p a and SB f l 3 appropriate to tht four •molecule unit ctfl of D 3 , wt find



<sAB • s B 9 i • s B 9 i • s B f l j i

• s
8 B i

<SAB - S B O l
 + S B f l :

(4)

a, = isA 9 Bg, > 8 B J '

The derived polerizabilrty tensors with respect to the unit cell vibrations, which can be
obtained by taking the derivatives of equation{3) with substitutions of equationsd),(2) and{4;,
are7:

A , . 0 0

0 A b b 0

0 0 A

0 0 A

0 0 0

A . , 0 0

V

\ / 4

0 0 0

, ° ° A>
L° Ab c 0

0 A,b 0

A.b ° °
0 0 0

(5)

where the As ar« functions of the direction cosines and the elements of the derived
polar liability tensor of the free molecule.

Following Adamowicz et al* , we approximate the L-alanine molecule, which is of C,
symmetry, by a C } molecule with the two fold axis almost parallel to u. The character table
and selection rules for C2 molecule indicate that the non-vanishing elements of the derived
polarizabiltty tensor of the free molecule are a'uu. a'vv. a^w .and a^w for the Iteration R(u)
or the transletional vibration T(u) about the u-axis. a'ü^ and a'uv for that ab J\A V and w axes.
Thus, we obtain simple analytical expressions of A's for the vibrations of different species of
the molecule. They are given in Table M.

The squared values of A's, which are proportional to the expected intensities of a given
larran peak in the various polarized spectra, are listed in Table i l l , Thj values in the columm

of R(u), T(u) arc more uncertain than that in the other two oclumns because of the presence of

ar*vv and < m tht former as shown in Tabk I i.

Table II I shows that for intarmolacular vibrations about the u-axis, the orders of
intensities are

(A. a.) ^ 'A>al ^ 'A»»*



and

and are satisfiedbv the high' frequency peeks1, <n Fig 1 and 2. at 105 cm 'and 1t3cm ' for

the naquality 110a) and a! 105 cm ' . 1 1 3 c m ' and 138 cm ' for inequality COb)

For inter mo I ecu lar vibrations about the v and w axes the intensity orders m tha last
column of Table III,

( A a , ) : > (A c c ) ' > |Ab b> ; (11a)

and

( A i C ) : > ( A b c ) ; > {A , b | ' ( l ib )

are satisfied by the medium" frequency peaks1 at 75 cm l and 85 cm ' m Fig 1 and 2. for
the inequality (11b), This indicates that these peaks are mostly of Bg mode in the 02 factor
group. However, for the lowered symmetry, eg Cj factor group due to dynamic disorder1,
then these two "medium" frequency peaks1 are also of Ag mode due to their strong intensities
in (ac) spectra too.

The intensity orders in the next to last column are:

(Ac c)2 > (A b b ) J > (A, a ) J (12a)

and

<Abc)J > (A l b ) 5 > (A , , ) 1 (12b)

and are satisfied by the "low" frequency peaks at 48 cm ' and 40 cm ' , in Fig 1 and 2, for
both fjqualities (12a) and (12b). These two peaks are again the mixture of the Ag and Bg
modes.

CONCLUSION

The oriented gas model seems to be able to explain the relative Rai<wn intensities in the
polarized spectra of the low frequency vibrations in L atanine sigle crystals, which has hydrogen
bonds as inter molecular bondings The model assigns the intermofecular vibrations about the
molecular axes u, v and waxes at ( 1 0 5 c m " \ 1 1 3 c m ' 1 , 1 3 8 c m " 1 ) , (75 c m " ' , 8 5 cm"1) and
(48 cm ', 40 cm ' ) , respectively, of mixed A and B modes,
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TaMalll

Squarad vafuas of tha atamant» of tha crystal tansors

I*..»1

(A ic) =

R(u),

- 0 1

>018

-0.02

- 0 1

-0.74

- 0 04

T(u)

> 2

'2

>2

>}

R(v)

0.1

0 15

023

0 03

0.11

066

. T(v) or

a 'ow

uw

uw

«uw

uw

Rlwl, T(w)

0.37

0.08

0 26

06

001

0.07

•2

UV

>2

auv



Í25 75 25 175 125
Wovenumber, cm"'

75 25

FlfMMi

Tht Roman iponrs of L-otoniM from 2S to 17B om~' (or «w (100) tot «td (01C '« • .
(norodnoMf from nfortnw 1)



125 75 25 175 125

Wavenumber, cm !

75 25

4MiMffoin26to17»£m ' for * • JOOIHm.
(mprodiMtd from mhnneê 1)



RESUMO

Eipactro* Raman ootarnado*. d* baixa íraqyancia. < 150 cm ' da monocnttau da L aJanma, obtido»
pw Wang a Storm* podam Mr ratn&rpratado*. m m itgjnificativamtnrt am tarmo», ao rnvt» do» fonoo*
tran«v«rM<i a i©n«~itudinan da Wang a Storms, daa vibraçõa» mtarmoiaculara*, n . , l>brat>ont a/ou
tranclacOw, da» quatro .rwlécuim alar .na onantadat na caiuis unitária do crutit ortorrãmbtco

RÉSUMÉ

Lm tpactrat Raman poiarttat, da baaaa fr«quanca, < 150 cm"1 da monocmtau» da L «Jenint, obtanut
par Wang at Storm» pawvant atra rvmtarpratat. pio» »ignif>cativamant, »n 3»rm« da» vtbrationt
<nttrno4aeulatrn. catt-a-dirt. da« i<bratio<M at/ou trantiations, da« quatra molacuia* »i»nirw oriantéa» dan»

unttaira du m«tal ortborhomb»qua
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