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Extended Abstract

The origin of the anomalous infra-red and Raman modes in

acetanilide ( C6H5NHCOCH3 , or ACN)(’ ) , remains a subject of considerable

controversy. One family Of theoretic; ll models invnlvns ITmq”dov-like sclitons (2)

nonlinear vibratio~al coupling (3), 01 “polaronic” localized modes (4)(5). Arl

alternative in~~r’~retation of the extra-bands in Ierms of a } urmi resonance W;IS

proposed (6) ;, IU recently fh~ existence of slightly non-degenerate hydrogen atom

con flguralic .15 (7) ill Ihe Hbond was sugqes[od as an explanntio!l for thu

,nnomalies.

In this paper we report sorno now rosulls un tho arlom;doil:;

vlbr~floni]l modos in ACN that wero obtainod by inalaslic incohurunt noulrorl

“;c.llt[’rlnq (INS) Curllpnrlw)rls of fho %poctrn of ACN nrld of fIvo dImlI!I; IIIId
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tier.vatives,greatly facilitates assignments of the main fealues.

The mutual influence of the different chemical groups (amide, methyl

group and phenyl ring) are emphasized by means of selec:we deuteratiorw. The

possibility of vibrational coupling between them is discussed.

In addition, the temperature dependence of the y(NH) modes (out-

of-plane bend of the H-bond ) and of the methyl torsional modes are described.

These data are then compared to the predictions of the different

theoretical models that attempt to exp!ain the anomalies.

The INS data were collected on theFilter Difference Spectrometer

(FDS), at Manuel Lujan Jr. Neutron Scattering Center of Los Alamos National

Laboratory, between IOK and 300K and deconvoluted ,to determine the frequency

distribution . The useful range of energy transfers , was 100 cm-1 -1600cm- 1

(12meV-200meV) with a relative resolution (,\E/E) of about 2% .

The five deuterated denvaiives are :

C6H5NHCOCD3 : ACN -d3 ; C6H5NDCOCD3 : A.CN -d4 ; C6D5NHCOCH3 :

ACN -d5 ; C6D5NDCOCH3 : ACN -~ ; C6D5NDCOCD3 : ACNd9 .

Comparison of the INS spectra of the various ACN isotopomers is a

aoweflul tool for determining the origin of the modes and their assignments ,

In addition, direct subtraction (“differential spectroscopy”) can be used to highiight the

modes of a particular molecu!ar group.

The low temperature spectrum of ACN is disdayed in fig. 1 horn 10010

800cm-’. Fig. 2 shows the INS spectrum in the region of wNH) at 12K for the three

samples that have a protonated amide group. Tentative assignments of the bands

are given in table 1. Thesq ar~ in agreement with available prwvioL’s data from

Flamarr and IR spectroscopy ,However , the INS do provider new information : fur

uxample ,in amide deuterated ~erivatives some small peaks at 750 cm-1 may bo

attributed to out- of-plane C-H bending of Ihe phonyl , In ACN those b,mdr, mu

screened by the N-H bending , and never before identified .

Fig 3 shows the methyl torsional modes at 12 K in threo smnplcs.

Despito “he limited resolution, the methyl mode appears to be cplit , in agreemorlf

wIfh tlld Raman scattering spectra (a)(g). In the single clystal polmizod Ftnman study

(9) with a Z(Xy)Z ccmfguraliorl the nmthyl tormo~l wns fourld to gril(i.~illly split ils tfi~

tl?mpurature is lowered below flbOIJt 200K . Thn froql Jorlclo:; of thn IIlrou
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co,rnponents as well as the splittings all increase With decreasing temperature . !ti~

s:~dies (10, previously identified ihe methyl tomlon in ACN but the splitting was not

observed . In the present work at least three components may be identified in ACN ,

namely at 142, 146 and ?52cm-1 . The effecl of deuteration of the phenyl ring is a

significant change in the shape and of width of the methyl Vibrational band, In ACN-

d6 the splitting is even more evident, and the relatiW intensities of the component

have changed. These obse~ations clearly demonstrate the influence on the

dynamics of the amide and methyl groups on each other.

The frequency shift of the methyl torsions as a function of

temperature obtained from our data ,fig.4 , is consistent with the measurements of

Johnston et al.(g) . The y (NH) mode at 754 cm-l is also found to be affected by

deuteration of the other groups as shown in Fig.2. This mode undergoes a change in

shape and width upon deuteration of the methyl or phenyl group. Similar changes

in shape were observed in the corresponding IR absorption bands (11).

Another important feature of these spectra is the temperature

dependence of the y (NH) mode, at 750-770cm-’. The intensity of this rncde was

:5:cr#” Ld :C ,l,u, GGla S:crls!y ;.,,,, “G”, =U4,1,* ,Gcyti:a:.u:G ~ T:&: ; .‘.. -r”-- -1. 4 . .-- ...:”.. ,.. N#. . . .. . .,.l”, .”-”, G, .,

one conside,% the two spectra of ACN-d3 shown in fig 5, in which there is no longer

any contribution from the methyl group. it is apparent :hat the intensity of the flNH)

peak incleases much more than other peaks with decreasing temperature. So, the

unusual intensity increase of the y(NH) with decreasing temperature is theraforq an

intrinsic property of this mode ,

These observations are in agreement with our IR spectra (11) which

indicate an total increase of intensity of the y(NH) wi~h decreasing temperature of

about 20’3?0between 300K and 15K. Similar observations have also been made by

llilr~li~n scattering in ACN(l 2).

Data from the different techniques are thus in agreement about this

important result , namely that y(NH) also has an anomalous temperature

dupwdwce. So , ACN exhibits not only an anomalous amide mode at t650cnl. !

but also another one at /50cm” 1.



Among thase ~ew res~!is, !WO c! :fiem seem to be e~z+”;”., j

relevant to the prsblem of the anomalous modes in ACN :

. obseiwatiun of the interdependence of ihe chemical groups, k’;

salective deuteration.

- MOtTI~OJS increase of the intensity of Y(NH) with decreasing

temperature.

The band corresponding to the methyl torsional transitions is split in

three components and is sensitive to the deuteration of other par!s of the

molecule.This splitting (also obsewed in the polarized Raman scattering(g)) may be

rationalized by a small departure from three-fold symetry for the rotational potential,

This could be induced by the low symetty of the sieric environment of *he methyl

group which in turn could be caused by differences in the pasiticn~ uf the hydrogen

bond protons . The methyl group would as a consequence occupy energetically

inequivalent positions and therefore have different Vibrational frequencies , The

change in shape and width of the Vibrational components when the amide or phenyl

ring are deuterated could result either from direct vibrational coupling of tho methyl .

torsion with motions of the other groups (or with low frequency phonons) or from a

modification of the raational potentiel by changing the local environment oi CH3.

The former model k consistent with the hypot?,esis of “polaromc-

iocal modes or sohtons ts~, while the latter Woula De relatea t: !he assumption 01

multiple conformations of the molecular chain(’).

Tha wdth and shape changes of the bands ccmywnding to the N-

H bending mode upon deuteration of other groups of the mol~cule could be

accounted for by the same mechanisms , i.e. either direct vibrational coupling, or a

multiple-well potential for the amide proton .In this latter case , changes in the steric

environment affects the shapQ of fhis potential , and thus tha frequencies and

intensities of the transitions to the excUed levels,

At this point it is noi possible to decide which of these possiblu

explanations is the relevant one.

The second result, which has now been observed by INS , IR , and

in Raman scattering is the anomalous thermal behaviour of y (Ntl) . It may be

expected to provide further important input into the determination of the origin of

these anomalies For example,in [he case of localized modes (polarons, solitons or

coupled oscillators) the temperature dependence of the anomalous intensity should

OIN?Y :1 Ctl;lrilctutistic lilW U)/l[O) - exp ( -. I I’/ H2) (4) while the hypothows



~f r;cn cegecarze s~astates fur :~e amide pralan would mean el!tler a :e-pera;tire

ix!eper:dent global ir?tensdy , or one governed oy the Boltzman population o! eacrl

!evel.

Our former infrared data (11 ) indicate that the intensity of the YINH)

mode of ACN obeys the exp(-T2/& ) which would favor the family of models of

localized noniinear excitations. However , former theories of the ACN problem only

took into account the anomaly at 1650 cm-1, and the recent observations of new

anomalies suggest that the self-trapping mechanism in ACN may be more complex .

Furlher analysis is underway.

Acknowledgments : This work hac henefitted from the use of facilities

at the Manuel Lujan Jr. Neutro I Scattering Center, Los Alamos . This work is

supported by NATO under grant n’91 0261 .

1 - G. Careri, U. Bu~ntempo , F. Galluzi , A. C. Scott , E, Gratton and

E.Shyamsunder - Phys.Rev,B ~, 4689, 1984.
. , - -, ... .
* “ u.b.ti Bnu&~A, F.3, L; I’R:GLI find A.c.sc,:;t - -

.--,
FPmj5.,l&V.5 ~, 47=2, , -“G-,

3 -S, Tabno - Prog, Theor. Phys. El ,1986.

4- D, M.Alexander and J,A.Krumhansl - Phys. Rsv.B ~ 7172, 1986.

5- A.C. Scott, 1.J.Bigio and C.T. Johnston - Phys. Rev. B WI 2883, 1989

6- C.T.Johnston , f3.J.Swanson - Chem. Phys. Lett, 1~ 547, 1985.

7 -W. Farm , L. Rothberg , M. Roberson , S. Benson , J. Madey, S. Etemad ,and

R. Austin - Phys. Rev. Lett. M , 607, 1990

8- J. L.Sauvajol,J.Moret, R,Almairac and M. Barthes. - J.Ram. Spect. 2Q51 7,1989.

9- C. T.Johnston. B.Swanson,J.Eckert and C.J.Unkefer- J.Phys.Chem.(in press 1991 )

10 - M. arthes ,R. Almairac, J,L. Sauvajol ,J. Moret, R. Currat ,J. Dianoux -

Phys.Rev.BQ, 5223, 1991.

11- M. Bafihes - in “ Self-Trapping of Vibrational Energy in Protein ■ - ‘Davydov’s

Soliton Revisited” A.C. Scott Ed. - Plenum Press 1990-

12- C, T. Johnston and El. SWANSON ( unpublished )



TABLE I

TENTATIVF ASSIGP~MF~4TOF THE INS SPECTRUM OF AC~TANILIDE

~(cm ’11 /=SIGNM~ ORSFRVA IONST

o-33

35-1oo

130-140

171

186

275

‘ 345
~~~

502

521

600

646

603

754

829

890

959

1020

1140

Acoustic modes

External modes IR and Raman
Iibra!ions. spec!rcscopy

m
Methyl torsional (10), (9)!

transitions sensitive to the deute -
ration of other group

shouldor disappearing

at 15K
External mode progressive energy shift

with deuteration.

Phenyl modes

Methyl modes

~C-GCj ou:-or-plane aerorrnanon

Methyl modes

(C-C-C) out-of-plane deformation

Methyl modes

Methyl

Phenyl modes ,C-C-H deformation

fiNH ) (out-of -plane bemiing mode) Anomalous modes

and y(CH),Phenyl .

y(CH) , Phenyl

Combination band

~CH) Phenyl

Methyl rack

5(CH) Phenyl

decreases in ACN-d3

and in ACNd5

Breathing modes (1)
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