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.L. 1 n t r o a u c t 1 o n 

The molecular dynamics of crystalline and liquid methyl iodide have 

been studied up to now by spectroscopical methods. Madar and 

Ouinn I 11 , Dows I 2 / and Lafferty and Robinson / 3 / applied for this 

study the infro.-red absorption, and Mltsuo Ito / 4 / used the Raman 

spectroscopy. Madar and <¥uinn performed measurements in the wave 
. -1 -1 -1 number reg1on 800 em - 4500 em • Dows in the region 500 em -

-1 . . i -1 -1 3000 em , Lafferty and Robmson m the reg Qn 30 em - 130 em , 

and Mitsuo Ito in the region from very low frequencies to about 3000cm ~. 

The results obtained led to evidence of there being two separate 

parts in the spectrum of crystalline methyl iodide, the lattice vibration 

. ( . 2 -1) reg1on low frequenc1es, below ca. 1 0 em and the intramolecular 

vibration regiQn (frequencies ca. 5 OGcm- 1 .). 

In the lattice vibration region MitSuo Ito obtained at - 19 0 ° C 

bands at 47, 58, and 84cm -
1

, which were interpreted by him as beln.s. 
. . -1 -1 caused by translational Vlbrations, and bands at 94 em , 104 em , 

-1 
and 112 em , which he interpreted as being caused by torsional 

vibrations. In the same region Lafferty and Robinson obtained the 
. -1 -1 -1 . th frequenc1es 35,8 em , 55 em and 118 em • Dows obtamed e 

-1 I frequency 105 em • It should be polAted out here that Dows s value 

105 em -
1 

was obtained not directly but from an analysis of the combi

nation bands. '!'he interpretation of the bands given by Mitsuo Ito based 

on the fact that, as a rule, translational bands ( T) occur at lower 

frequencies than librational ones ( R) and that they all show a terrpero... 

ture dependence. Lafferty and Robinson gave a slmllar interpretation on 

the basis of a comparison of spectra of a normal and deuterized 

substance. 
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iodide 

It should be mentioned here that the crystal structure of methyl 

has not yet been determined. Hurbatlk /S/ detennined only the 

structure of methvl chloride at - 120 ° C and showed that it has the 

C symmetry. According to the opinion expressed in papers I 21 ,I 31) 41 
2v 

the symmetry of the methyl iodide crystal is certalnly lower,. i.e. its 

structure is more complicated, than that of CH ::\ Cl. In view of this fact , 

a lack of selection rules and the appearance of all six bands in the 

lattice :vibration spectrum of the crystalline CH 
3 

Cl may be expected. 

In the intramolecular vibration region there is a good agreement 

between the data of Dows and Mitsuo Ito. Bath authors observe a ba11d. 
-1 at ca. 520 em , which is interpreted as the mode 11

8 
of the CH"'~ I -

-1 ( ) -1 ( molecule, at ca. 89 0 em Y 8 of CH 
3 

I , at ca.1240 em 

CH
3

I), a.t ca.. 1400 c~- 1 
( v~ of CH

3
I), at ca. 2930 cm- 1 ( v

1 

nnd at ca.. 3030 em- ( v
4 

of CH
3

I). 

11
2 

of 

of CH3I), 

It seemed interesting to cany aut an lnvastig4tion of the dynamics 

of methyl iodide in a wide temperature reg,il;m by the inelastic neutron 

scattering method in order to obtain information complementary to that 

given by spectroscopy methods. 

as 

2. E x p e r i m e n t a 1 r e s u 1 t s 

Experimental technique and reSI.l.lts repr~tat!Gna is the same 

describe in part I I 61 • Figs. 1 and 2 present the results obtained 

for methyl iodide at temperatures : 

(melting point: -64°C). 

0 . 0 0 0 
-160 C. -120 C, -75 c, and -20 C 

-1. -1 
For crystalline CH

3
I there are bands at 117 em , 202 em , CJ:a. 

-1 -1 -1 320 em , ca. 500 em 1 and ca. 1200 em 

For liquid CH
3 

I one obtains a continious spectrum on which, at 

higher frequencies, the same bands as those for solid substance are 

visible. 

For crystalline methyl iodide the beryllium cut- off, which gives the 

intensity of quasielastlcally scattered neutrons, is steep but is of a 

relatively low intensity. For the liquid substance this cut- off practically 

vanishes. 
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Fig. 3 presents the intensify d.lstrlbuUan of soatt.ered neutrons obtained 

for solid CH
3

I at - 160°C by applying the Zn-monocrystAI. situated behind 

the Be-filter. For comparison, the reswt frem Fig. 1 for -160°C ( corres

ponding to the o.rd.inary Be-filter meth<XI) is also preseftted in Fig. 3. 

Owing to a better resolution. one may now see four bands in the lattice 

vibration region. A.lso at hJ,gher frequencies the peaks are much better 

resolved than in the ordinary B&- filter method. 

3. D i s c u s s 1 o n 

Our results are in ,generl:ll ~reement with those obtained bV' 

spectroscopical methods I 21 , I 31 , I 41 . This concerns the lattice vibm.

tion region as well as the intramolecular vibro.tlon region. 

The bands, which had not been observed until n67W, are those at 
-l. -1 ca. 320 em and at 202 em • They may probably be interpreted as 

being higher harmonics of torsional bands ( R). 

A.ll results obtained by spectroscopy ( IR and RAman) as well as 

our INS results are assembled in 'Table I. In the last column of this 

Table there is a proposed interpretation. essentially the same as that 

previously given in papers I 21 I 31 I 41 
It should by pointed out that our measurements at the lowest 

frequencies, performed with the Zn- monoeryst.al, thawgh not suffieiently 

accurate to give information concerning frequency values, gave evidence 

of four in region where Mitsuo Ito observed lattiee vibration peaks. 

It should also be stressed that the failure to appear in our spectra 

of the band a.t ca. 890 em - 1 ( v 
8 

of CH1 I) is unexplained. 

A practically continuons neutron speetn.tm for liquid mefkyl iodide 

may be treated as a proof of freedom of tr~111tiens and rotations of 

CH
3

I- molecules in the liqui d • This is in agree~rit with results obtained 

previously I 71, I Bl with neutrons for liquid CH
1

I at room temperature. 

The small intensity of the qua.sielastlc part of the spectrUm for 

crystalline CH
3

I is justified in view of the small frequency values of 

lattice vibrations which cause a small temperature value. 
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Table 1 
. ( -1) Vibration frequencies em · observed in, crysUUUne 

Dows f27 
- 190°C 

CH
3

1 

Lafferty I 31 J.\4ltsuo Ito 
Robinson I 4/ 

-190°C -190°C 

This wo6k 
-160 c 

Four bands are 

Interpretation 

T 35,8 

55,0 

47 

58 

84 

94 

visible in INS when x' Ty 

105 

519 

523 

888 

1236 

1240 

118,0 

104 

112 

508 

525 

8.B8 

1232 

higher resolution 
is appl. 

117 

202 

ca 320 

ca 500 

-? 

ca 1200 

T z 
R 

z 

Rx' Ry 

2R 

3R 

v 3 of CH
3

I 

v
6 

of CH
3

I 

v
2 

of CH
3

I 

The entire disappearance of the quasielastic part for the liquid may 

again be considered as a proof of almost complete freedom of transl~ 

tiona! and rotational motions. 

We are planning to repeat in the future the INS ll2aSurements 

with the Zn.monocrystal, but with better statistics in order to improve 

the .accuracy of frequency determination, especially in the lattice 

vibration region, 
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Fig, 1, The intensity of neutrons scattered from methyl iodide, at 
various temperatures, as a function of the analyser channel 
number, Channel width 64 ll sec. The lower scale gives 
the energy transfer for inelastically scattered neutrons, 
B e- filter technique. 
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Fig. 2. The p (E) function for methyl iodide at various temperatures, 
obtained on the basis of data of Fig. 1. Sectors with arrows 
indicate the bands discussed in the text. 
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Fig, 3. The ~ntensity of neutrons scattered from methyl iodide at 
-160 C as a function of the channel number, A compa.
rison between the Be-filter technique and the Be-filter + 
Zn- monocrystal technique. Arrows indicate approximate 
posi'tions of lattice vibration bands. othe.r explanations as 
in Fig. 1. 
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