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

Eugene Loh

ABSTRACT

The ‘ow frequency « 1%0cm ! poisr.28d Resmen spectra of L alanine single crystais by Weng and

Storms can be 'nterpreted Mmcore mesn:nglully «n terms netead of t-enverse and longtuding phonons by
Wang and Storms of the inte'moieculsr vibranions ' e i brat:ons and/or transiat.ons of the four oriented
slen:ng Mmolecyies 'n the un t cel' of the ortharhomb-c crystal

INTRODUCTION

The low freguency < 150 cm ' polarized Raman spectrs of L alanine single crystals
have been messured by Wang and Storms' and interpreted’ in terms of transverse and
longitudinal phonons with, however, large orientationsl snistropy as well as polarization
sromalies To account for these unusual effects. a picture of dynamic disorder due to the
protonic motion in the intermolsculsr hydrogen bonds betwesn the NH', group of one
molecute and the CO; group of a neighboring molecule has been proposad’

in this note. we shall by comparing the Raman intensities i:n the various polarized
spectra, show that the poiarized low frequency Raman spectrs’ of L alanine single crystals can
be interpreted physically more mesningfully in terms instead of transverse and longitudinal
phonons' of the intermolecular vibrations? 3 i e fibrations and/or translations, of the four
oriericed alanine molecuies within the umit cell of the orthorhombic alanine crystal, ie the
orianted ges mode!

ORIENTED GAS MODEL

To apply the oriented gas model, we need to approximate the three principle axes of the
alanine moleculs 1n the orthorhombic? 3 unit cell of alanine crystat by:

(i) u -- The projection of the u-axis on the ac crystallographic? 5 plane is taken to be the same
as that from the C, C bond, where C,, is the a carbon stom and C 15 the carbon from CO; v is
perpandicular to the subssquently definad v The direction of u defined in this manner is close
to both the crystaliographic ¢ axis'’ & a3 indicated by the directions! cosines in Table |, and the
direction ui the moleculer chein® 5 in the crystal. u is, theretore, likely the “high” frequency
axes, among u, v and w, of the intermolecular librations and translations

(i1} v =~ The direction of v is taken to be perallyl to the line joining N of NH; and Cgof CﬂH,
in the alanine moleculs and is close to thet of the crystaiiographic? 5 a-axis, Table |.

{iii} w —= Thy dirsction of w is perpendicuilsr to both u and v and is close to that of the
crystatiographic® S axis b, Table |



F b c
e e o —— - e e e . min e o semenc b e
u 0 322 -0 202 0923
v 093% 0225 - 0275
w -01582 0952 0262
Table |

Direction cosines of the approximated moleculer axes u, v and w of the slanine molecule
with respect to the cr;ataliographic axes a, b and ¢ of the orthorhombic L-slanine crystal.

Foliowing the steps by Suzuki et al® in deriving the relative Raman intensities in various
polarized spectra under the assumption of the oriented gas model:

The transformation matrices of molecules 12,3 and 4, in the P2,2,2, unit cell, between
the molecule fixed co-ordinates u, v, 'y, »id the crystsl fixed coordinates a, b, ¢ sre expressed
by

rbau a, s, ) a, a, 0,,_
T, =|{ b, b, b, T, =| -b, -b, -b,
S o Cw KRS
[ -2, -e, —aw] r-au -a, —aw_
Ty=| b, b, b,|ad T, = b, b, b, (1)
6 e -cm R

where 8, is the cosine of the angle between the a and u axas and 30 on. The values of 3,
a, ... are listed in Table I. The molecular tentor with respect to the crystal fixed coordinates is
therefore given by

T (2)

where i = 1, 2, 3 and 4 for molecules 1, 2, 3 and 4, repectively, and o, = derived
pularizability tensor of the free molecule with respect 1o a normael vibration Q.

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

a, = o', Q, +an,0; + ap,,0, + a0, {3)

where o, is the polarizability tansor of the unit cell. Using symmatry coordinates® S, ., S, .
Sgga and Sgg, sppropriste to the four-moleculs unit cell of D,, we find



Q, - (Sap * 5391 * Salz * Sgg,! V4

Q = (Sag * Seg, ~ See, ~ Seg,! V4
(4)

Qs = (Sag ~ Sgg, * Sag, ~ Sag,) ' V4

Qu = (Sag ~ Sag, ~ Say, * Sap,)/ VA

The derived polarizability tensors with respect to the unit cell vibrations, which can be

obtained by taking the derivatives of equation{3} with substitutions of equations(1),(2) and{4; ,
7.
are’:

N A, 0 0 | - l'o o o
. !
a—s*;; = /4 Ay, O asah = 4 1 0 0 A,
|0 0 A |0 A, O
(5)
0 0 A, 0 A, ©
da, da
=J4!l0 0 O = =4 | A, 0O 0
38g,, 35g, VA | Aw
_Aac o 0 o o ©

where the A’'s ars functions of the direction cosines and the eiements o* the derived
polarizability tensor of the free molecule.

Following Adamowicz et 8!8, we approximate the L-slanine molecule, which is of C,
symmatry, by 8 C; molecule with the two fold axis aimost perallel to u. The cheracter table
and selection rules for C; molacule indicate thet the non-vanishing slements of the derived
polarizebility tensor of the free molecule are a), .. « . Qyy.and a,,, for the libration R{u)
or the transiational vibration T(u) sbout the u-axis. a;,, and a,, for that ab sut v and w axes.
Thus, we obtain simple ansiytical expressions of A’s for the vibrations of different species of
the molecule. They are given in Table !I.

The squsred values of A’s, which are proportional to the sxpected intensities of » given
laman peak in the verious polarized spectra, sre listed in Table ill. Thy values in the columm
of R{u), T(u) are more uncertain than that in the other two cclumns becauss of the presence of

thea),,, a,, and @\, inthe formaer ss shown in Table i1,

W

Table 11} shows that for intsrmolecular ‘/ibrations about ths u-axis, the orders of
intensities are

(A ) > (A7 > (A) {10a)



and
(Agp) > (A > (AL (10b)

and are satistiedby the "'nigh’ traquency peeks', inFig 1 and 2. a1 105 cm ' and 113 ¢cm ! for
the -nequality (10a)and at 105cm ', 113cm ' and 138 cm ! tor neguality (10b)

For intermolecular vibrations about the v and w axes the intensity orders 1n thae last
column of Table i1,

(A ) > HA )T > (ALY (11a}

Ayl > (A ) > (A, ) (11b)
are satishied by the “medium’ frequency pesks' at 75cm ' and 85cm ' in Fig 1 and 2. for
the inequality {(11b), This indicates that these peaks are mostly of Bg mode in the D, factor
group. However, for the lowered symmetry. eg C, factor group due to dynamic disorder’,
then these two “‘medium’’ frequency psaks' are aiso of AQ mode due to the:r strong intensities
in {ac) spectra 100,

The intensity orders in the next to 'ast column are:

(A ) > (AL) > (A,,)} (12a)

cc

and
(Abc)’ > (Am)2 > (A“)z (12b)

and are satistied by the “low’ frequency pesks at 48 cm ' and 40cm ', in Fig 1 and 2, for
both nqualities (12a8) and (12b). These two pesks are again the mixture of the Ag and Bg
modes.

CONCLUSION

The oriented gas mode! seems 10 be able to explain the relative Ratian intensities in the
polarized spectra of the low frequency vibrations in L alanine sigle crystals, which has hydrogen
bonds as intermolecular bondings. The model assigns the intesmolecular vibrations about the
molecular axes u, v and w sxes at {105¢cm™',113cm ', 138em™ '), (75cm™,86¢em™ ') and
(48 cm”', 40 cm '), respectively, of mixed A and B modes.
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Table i1l

Squared values of ths slements of the crystal tensors

R(u), T(u) Riv). Tiv) or Riwl), T(w) ~
(A,,)} ~0.1 al 0.1 a;, 0.37 a;},
(App)? >018 o}, 0.15 a;/, 0.08 a,
(A ~0.02 o} 023 a/, 026 a,
(Ag)? ~01 a;, 003 a, 06 a,
(Agp)’ ~0.74 a, 0.1 a, 001 a},
(Apc)’ ~004 a}, 0.68 a, 0.07 a},
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Figure 1
The Ramen spectrs of Lalanine from 28 to 178 om ™' for the {100) feos and (017 ‘sce,
{reproduced from reference 1)
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Figurs 2

The Remen spectra of L-slaning from 28 to 178 em ' for the {001) face.
{reproduced from reference 1)




RESUMO

Espectros Raman polerizedos. de beixs frequéncis, & 150 cm ' de monocristais de L-aianing, obt:dos
por Wang & Stormu podem ser réinterpretados, mais significativamenty, sm tarmos, 80 inves dos fonons
trangverspis ¢ longitudinais de Wang ¢ Storms, das vibracdes ntermoleculsres, e, ‘Librations’ e/ou
transiagSes, das QuEtro .olbcuias sler .ng orentedas ne chiuls umterie Ao cristal ortorrdmbico.

RESUME

Lo spectres Ramen poleriste, de beses fréquence, < 150 cm ' de monocristaux de L sisning, abtenus
per Weng et Storme peuvent #tre reinterpretss, plus significativement, en Wrms des vibrations
interm olecuisirm, Cost-pdire, des ibrations et/ou transistions, des quatre molecules sianing OTisntéss dens
‘aceiiule unitaire du cristal orthorhombiqus.
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