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is.known
: temperatures at183.1°K and 219. 4°K.-

- structure:.studies
" methyl:‘groups:about . C=Cl ‘axis in: agreement with® ev1-’;

l Introductlon
The der1vat1ves of neopentane havmg‘ s'pher01dal"
molecules are - interesting - organic. compounds ‘which
exhibit rotatlonal freedom ‘for ~molecules not only in -
liquid, but also in the solid phase. At temperatures well
below. their’ melting point,- like many’ other globular
crystalline - substances, - they ' undergo ‘solid- SOlld phase 3

.transition "accompanied “by 'a- large change in entropy.’

For these substances-it is commonly agreed that there
is an abrupt decrease in molecular freedom for rotatlon'
in going fromhigh- temperature ”plast1c”‘phase to: low‘;
temperature . phase.- Among these substances -t ~butyl
chloride-. } F), (CHy); CClis:"of a - special mterest It

to- have three solid phases w1th tran51t10n“

This - substance has: been studied by dlfferent tech i-",
ques. The: sudden drop ‘in dielectric constant: /2,3 “in’
going . fromphase I' to phase II suggests ‘the: freezmg off*'_'
dipolar axis in the l;)w temperature plastlc iphase: The"

in:-this phase indicate ‘disorder: of

dence+of :molecular: reorientations about’ this axis from’
spin latt1ce relaxation:time = Tz measurements/S/ ‘These”"
NMR: studies: in other: phases of this compound show. that-'_‘
molecules-tumbleat random in phase I} and mainly - CH.y:
groups: reorlentfabout G Caxisin’ phase I °As the dy-l-;'f
namics “of . molécular : recriefitational ’ motlon may ‘be *
studied: /6 17y 8/by ~using ‘the:slow:! ‘neutron’ scatterlng"



technique we have performed such study for TBC ‘In

- this communication the results of neutron quasielastic

scattering by polycrystalhne TBC are presented The

measurements were designed for studying uniaxial reori-
entation of the TBC molecules in its low temperature

plastic phase. The results are compared with the model .

and an estimation of activation energy  and relaxation
time was made.

2, Experiment :
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at the temperatures 167 K, 193 °K and 208.; K respectlvely
The temperature was measured with an’ accuracy of +1°K
The" spectra of - incoherently . scattered neutrons by

TBC in all measurements consisted of a broad inelastic

component and a well separated intense peak centred at °
about 4.0A . The shape of the latter changed 31gn1f1cant1y

in gomg from crystalline to plastlc phase, while the former
did: not. alter much. The data were corrected for room

background and for the contribution from the empty

sample holder. As the full spectrum of neutrons from the -
moderator hit the sample the necessary ‘intensity cor— :

rections-were-made -No- correctlons for- mu1t1p1e scatterlng

- The spectra of neutrons quasielastically scattered
by freshly prepared polycrystalline TBC.were measured
31multaneously at eight scattering angles, using inverted
" geometry spectrometer (KG-SOG I) at. Dubna IBR-30
‘pulse reactor. The principle of this instrument is dis-
cussed -in . - :Ref. /8/. The pulses of: white beam  of the

, neutrons from the reactor hit the sample and a narrow
energy.- band -from the scattered spectrum: is selected
by. means of a Be :filter and - zn- (0002) ‘monocrystal.
‘The primary energy of the neutrons is-determined by
their  time  of flight over the source -sample distance
(=30 m). .and - the. posmon of - the ‘energy - window for

scattered. neutrons is defined by the orientation of the

monocrystals.. During: gur measurements the crystals

were set to reflect 4.0A neutrons with the.wave-length -

spread- between 2. 29, and 3. 29, depending on the experi-
mental conditions. The shape. of the resolution function

- was.measured with the same sample ata suff1c1ently low
temperature

Two reasons 11m1ted the ch01ce of scattermg angles.‘

F1rstly, at higher scattering. angles, the Braggreflections
from the sample or from the container :appeared -in
quasielastic region of the spectrum and. secondly, the

eight arms .of .the spectrometer could not be" moved

mdependently ‘Because of these reasons, though - the

measurements were. made :at eight scatter1ng -angles, the:

data were analyzed only-for 33° , 53°., 73°-, 80° , 93-°.
~and 100° . The measurements were made for the sample

4

" barrier (4.5 kcal/mol

have been made

F1gure 1 shows typ1cal examples of the spectra
(after the . above mentioned corrections) observed at !

167°K" and: 193 K. It may,be noticed that while there is

a sharp elastic peak at the lower temcperature broad

w1ngs appear on 'its both.sides at 193 K. This broad

quas1elast1c component becomes more prom1nent w1th (

1ncrease 1n temperature or the scattermg angle

%

3 Analys1s and D1scuss1ons of Results :

B The neutron scatterlng by TBC is predomlnantly that
by *© protons and it is incoherent. Inelastic: scattermg in:
these measurements is - caused by various v1brat1ona1
motions ‘of H atoms and is of no- 1nterest to us. We

confined ourselves 'to quasielastic region. At the tempe- :

ratures- for-which. measurements were performed, the.

inelastic contribution in this region was very small. It

was therefore subtracted by the usual extrapolation

method. The development of a broad- intensity component "

under the elastic peak in going from phase III to phase II,
is believed .to be because of the onset of . rapid molecular

reor1entat1on at the higher temperature phase. The -

contribution to quasielastic scattering from methyl group

i

reorientations about. C= C/ax1$ is negligible. The potential *

tion (8.7 x 1072 sec'! ) for the

and the frequency of oscilla- -
/1o CH, group give
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Fig. 1. Scattered'neutron intenSi}ty;\for two temperatures

- (T) and' two “'Scattering - angles

(20)as a function of .~ .

‘incident neutron wavelength. . -

S(Kie)=n(1 +

a ]ump rate of 1 7:x: 103 “sec =1 'at 208°K Thus ‘under

the -conditions of ‘this- experiment it behaves-as a: smglen G

-

r1g1d unit; The ‘translational ‘diffusion’ may also-beignored*:

~ without any ‘error. Both Y- -ray -and:dielectric: constantf,”,"'
- measurements . confirm ‘that the C—Cl axis is fixed in" -
phase II. Therefore the quasxelastic scattering. in these- =

measurements is mainly: caused by uniax1al molecularf :
reorientations about : C-Cl axis. s e
- : The neutron scattering cross-section can be calculated S
depending -on ‘the -model: for " reorientations /6. 7/ We .

analysed - data in terms of - the ]ump diffusion’ model';; -

This ‘assumes that the molecule oscillates :about- its"
equilibrium - position for an average time 7  and then.
instan }a?eously jumps to .another equ111br1um posmon

Skold. has - derived the expression for the incoherent
scattering’ Cross- section from a tetrahedral unitreorlent—-p
ing by. 120° w1th equal probability about 1ts varlous(
threefold axis. Using a similar procedure, 1t can. be,{
'shown that when the reorientation is restricted toa smgle o
axis. then the scattering - law in the qua51e1astic region‘._,-’
‘is given by the formula: S

2sinK R s;nKR r L
KR KR +~.r2‘\’ R
are- the momentum and energy trans-
3

)3(6) 2(1—;

urhere‘.ﬁ;K( and €

h:R is, thedistance"""'

fers during scattering and L=
T T

, between ‘two. equivalent sites of the tetrahedral molecule AR
~ The first term gives the elastic scattering connectedj
‘with’ the long ‘time behaviour of molecules, "while" the .

second corresponds toquasxelastic scattering. ThlS formu- -
la can be used for TBC molecules reorienting about
C - Cl axis only if the methyl group is treated as a rigid
unit. This assumption is reasonable in.the present case. ,
R =3.13A was used as the distance between the centres -
of gravity of protons in two methyl groups.’ The only
unknown quantity-inthe above formulation i isr;

resolution function and the calculated spectra were then "

theaverage‘}{] |
time between successive reorientations. Theabove expres- .
- sion . for: scattering ‘law was folded with the instrumental - .



compared:: w1th the experlmental ones Because of the._

peculiar. shape of the resolution. funct1on we. preferred to
compare the shapes of full spectra rather ;than the widths

- of -:spectra,. The-area-of calculated. spectrum wasnorma-:.
llzed -to. that-.of the exper1mental one... It is.possible to-
choose proper: ‘value: of 7 , which gives a good agreement
between experimental and theoretical spectra.at a parti---
cular scattering angle. This parameter:was, however,:so:
chosen.astoachieve areasonable agreement 51multaneous- '

ly: in the whole K- range of interest. The.typical examples
~of- .comparison ‘- at 208°K .are shown- in. Fig. 2, ‘where

theoretmal spectr&conrespond to_r_=10x10=12 sec. _Here
the bars ‘on exper1mental po1nts are the stat1st1cal errors.v

TErBC T
f T 208K

The agreement seems 'to be’ sat1sfactory for angles from

33°° to 100°' However thére are 'some ‘dis¢répancies
and’ we should ‘admit that in order to explam the results
by this model fully, one value of T is 1nsufflc1ent Spectra :
at smaller angles suggest larger relaxat1on t1me Thesef
differences are perhaps due to the’ model wh1ch assumes' '

instantaneous - jumps. The resolution of the instrument

was not good: enou h to . check ‘the validity of more ‘
compllcated models .Measurements with h1gh resolu-
th_Il“ ;r‘nstrumen‘ts_ should furthle,rﬂ cla_r1fy the_ s‘1t‘uat1_on__x

“The data:-at 193°K demand a value 0£14x107" % Sec for .
The relaxation times so -obtained at two temperatures .

give a. potentlal barr1er of. 1.5, kcal/mol The potentlal

barrler ‘and the relaxatlon t1mes are. expected to. have'

‘an_ error, of: 20% o

: Concludlng we: may say that these measurements show:
“that inlow temperature plastic phase of TBC, the molecules

g
3.

reorient -about the dipolar axis rapidly. enough to be seen

by  the neutrons. The present results could roughly:-be .
explained by Skold’s model w1th the relaxat1on times.of. .
and 14XI0"’2sec for 208°K and 193 K, respec--

10x10 =12
tively.
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Fig. 2. Comparlson of experlmental( ) and calculated
(—) spectra Inserts in f-lgure show the resolution function.
The bars on experimental points are the statistical errors:. -
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