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1. Introduction 
' ~ i ; 

·The- derivatives of· neopentane, ·having spheroidal· 
molecules, are ·interesting ··organic compounds which 
exhibit rotational 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.:.solid· pha:se 

. 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 rotation 
in going from ·high temperature ''plastic'' :phase· to· low · 
temperature phase:-.- Am.ong ·these subs.tanc'es · t -butyl 
~hloride JTBf), . ( C Hj)3 · Ca _is : o_f ~: sp~pi:l'~ ill~er'es_t.:_'It 
1s known 1•. 2 -:to-have· three solid phases w1th~trans1tion' 
tei'nperatures aF183.1°.K and 219.4()K.: ·: · -' ·. ~--.-. · 

This· substa~ce has: be_en s_tudied )Y diffe.re~~?e·chf.~<. 
ques. The' sudden drop 'lD d1electnc constant 2 

• 
3 m 

goin'g .:-froin··phase l to phase II suggests,. the freezing of\ 
dipolar _axis in th7 l~w temperature plastic :pliase·.,:Tlii:t: 
structure.: studies 4 in. ·thl.s phase indiCate' 'dis'o:rder 'of_ 
methyh groups about .C ..o....Cl ·axis·. in· agreemerit'·with: evi..:. . 
dence'·of ·molecular .veorientations about'tliis::axis froin: · 
spin lattice. relaxation time' S1 ~·measureni~ntslsi:_'The~e·:' 
NMR studies: in other• phases of this compolind:shb'w. that . 
molecules ·'tumble •af."'rartdorit in·phase'Ii'and mafn(y:' ·cH~.f: 
gr,oups··reorient'1 about- c.;;c.ca:xis~;in··phase""III::As· the dy-:" 
namics of .. moh~cula:t : reoHeiita:tioriaL':~ffi-otion: may:·· be : . 
studied:/6-,'7 !-~·/by: •• using· :the''slow:··neutroh'·~ scattering · 

.,_ 
3;-



technique we have performed such study for TBC. In 
this communication the results of neutron· quasielastic 
scattering by polycrystalline TBC are pre~ented. The 
measurements were designed for studying un!aXial 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 
• 

The spectra of neutrons quasielastically scattered 
by freshly prepared polycrystalline TBC were measured 
simultaneously at eight scattering angles, using inverted 

-geometry sp-ectrometer (KG-SOG I) at Dubna IBR-30 
pulse reactor. -The principle of this instrument is dis
cussed in , Ref./9/. 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. position of. fhe energy· window for 
scattered neutrons is defined by the orientation of the 
monocrystals~ During ~ur measurements the crystals 
were set to reflect '4.0A neutrons with the wave-length 
spread- between 2.2% and 3.2%, depending· on the experi
mental conditions. The shape. of the resolution. function 
was measured with the same sample at a sufficiently low 
temperature .. ~ 

Two reasons limited the choice of scattering angles; 
Firstly, at higher scattering .angles, the Bragg reflections 
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 
independently., Because of these reasons, though· the 
measurements were made •at eight scattering angles, the 
data were analyzed only·.for 33 , 53 .. , 73. , 80 , 93 . 0 0 0 0 0 

and 100° . The measurements were made forthe sample 
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at the temperatures 167 K, 193 K and 208.:-K, respectively. 
The temperature· was measured with ana,ccuracy of± l°K. 

The spectra of· incoherently. scatter~d neutrons by 
TBC in all .measurements consisted of i broad inelastic 
component and a well separated intense :peak centred at 

• o. . ._ ·. ~ ... : .• 
about, 4.0A . The shape of the latter changed significantly 
in going from crystalline to plastic 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 
moderat.or hit the' sample, the necessary:intensity cor:.,; 

---rections-were-made .-No correctionsfor-mul tlple scattering--

) 

'! 

have been niade. 

·Figure :1 shows typical examples iof . the spectra 
(after the. above-mentioned corrections) observed at 
167°K and, .193°K .. It may. be noticed that while there is 
a sh~rp elastic peak at· the lower temP.erature broa~ 
wings appear on its both. sides at 193 K. This broad 
<iu:isielastic. component becomes more .prominent ·wifli' -~ 
increase iti temperature or the scattering'angle. 
.,, ·::_ . .. -: .- ;·· ~- :/ 

. . 

a;·~Analysis and Discussion~ of~~esults ·.: 
,·, 

The neutron. scattering by TBC is predominantly that 
by '-protons aria it .is incoherent. Inelastic· 'scattering in ;, 
the.se ·measurements is· caused by various ·vibrati.onal. 
motions ·of !I atoms and is· of no -'interest to us. We · 
confined our.seives to. quasielastic region .. At the tempe.: .. 
ratures for·· which measurements were ,performed, the 
inelastic cqntribution in this region was very small. It' 
was therefore· subtracted by the usua:l 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 
reorientation at the higher temperature· phase. The 
contribution' to quasielastic scattering from methyl group 
reorientations about C-C axis is negligible. The potential 
barrier (4.5 kcaljmol hoi ) qnd the frequency of oscilla
tion (8. 7 x· 10 12 sec- 1 /I of ) for the CH

3 
group give 

s· 
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a jump rate ·of I. 7 · x -10 8 -~eri -I at 208 6K. Thus, under 
the con:diti<?_ns of this ·experiment it b_eliaves as a single 
rigid unit~· The translational diffusioif may a1so· be ignored • 
without any error.· Both X -ray and. dieledtic· constanf . 

· measurements confirm that . the C-Cl axis is fixed in 
phase IL Therefore the quasielastic scattering- in these 
measurements is mainly·· caused by uniaxial. molecular< 
reorientations about , C-Cl axis. .. 

. The neutron scattering cross-section can be calculated, · 
depending on the model· for.· reorientations/6. 7/. We 
analysed data in terms of ,• the ,..:jillrip diffusion.· model. . 
This •assumes that the· molecule--- oscillates <about: its 
equilibrjum position for an average t~me -~ and then 
instan~7eously jumps to. another equilibrium position. 
Skold. 7 

. has derived the expression . for the incoherent 
scattering cross-section f_rom a tetrahedral unitreorient.~ 
ing by 120° with equal probability about its .various 
threefold axis.· Using a similar procedure, . if can. be. 
shown that when the reorientation is' restricted' 'toa single 
axis theri the scattering law in the quasielastic r:egion 
is given by the formula: . · · -- ' · 

2 sin K R I. .·_ · · . . sin K R .r 
S( K.,"l) = 11 ( 1 + ) o(l) +2(1 u ... )--· · . ·· · ·· •· · K R' -. ·· 

where. 1i K and i are. the momentum and energy trans

fers during scattering and r = - 3
- h_. :R_ is.. thedistanc~ 

'. . ·_ _ • 2 T . •. ,.,; . __ .. . . 

between two equivalent sites of the_ tetrahedral molecule.> 
The first term gives the elastic scattering 'connected-· 
with. the. long 'time behaviour of molecules, while the 
second corresponds toquasielastic scattering . .' This formu..: 
la can be used for TBC molecules reorienting about 
C - C l axis only if the methyl group is treated as a rigid 
unit. T~is assumption· is reasonable in. the present case~ 
R = 3.13A was used as the distance between: the centres· 
of gravity df. protons in two methyl groups. The only 
UnknOWn quantity in the abOVe formulation iS T, _ tne average 
time between successivereorientations. The above expres
sion for. scattering ·law was folded with tlie instrumental.• 
resolution function and the calculated spectra were then 

·7··· 



compared, with. the experimentai ones. Because of the 
peGuliar shape of the resolution, function . .we ·preferred to 
compare the shap~s of full speGtra rather ,than the -widths 
of·.: spectra~ .. The ·area ·of calculated. spectrum was norma.
lized ~to. that-· of the experimentaL one ... It is. possible to · 
choose proper value. of. r , which gives a good,agre·enient. 
between experimental and theoretical spectra. at a parti-· 
cular scattering angle. This parameter. was, however;· so. 
chosen .. as-to achieve a reasonable agreement simultaneous
ly in th·e whole ·K range of interest. The.typical examples 
of. .comparison ·at 208°K ar·e shown in· Fig. 2, where 
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the bars on experimental points are the stati-stical errors. · 
; 

• • • •. • ' ' ~ '( ' ' . • ' ·, " \ ; .• ' • ' : • • ; '. ~ c : 

The agreement seems· to be satisfactory for angles from 
33· o to :100 o • However, ther€{are 'some discrepancies 
and \ale shoulci''admit that in ·order t() exp'!ain the results 
by this model'fully' one value of T is insuffic'ient.. SpeCtra ' 
at smaller angles suggest larger re.iaxa'tion· time·. Th·eise. 
difference's are perhaps due to the hiodel, which assumes 
instantaneous jumps. The resolutidn of the insttu'ment 
was not good· enou,;h . to check ·the · validity of more 
complicated models 61. Measurements with high resohi- ·. 
tion instruments should further clarify the situation. · 

. ;; t: I: •, , ~ ' ·•' •- , -' ,'. • ~ • •, ~ . ' ! , ~-; :• • 

; The d:ita•at 193 °K demand ~ value: 6t'14X1d-12 s'ec' for T •. 
The relaxation times so -obtained at two temperatures 
gi -v·e· ·JL _potential barrier of. 1. 5 kcal/moi .. The potential 
b_¥ri-~:r:.·and' the relaxation times. are .. expected to have' 
an. er.ror of-20%. . ... · ·· .. ~: .. - . ··- . - . . . . 

,:- ·t ,;_ ? 

. Concluding we may say that these measurements show· 
that in low femperature plastic phase ofTBC, the molecules 
reorient about the dipolar axis rapidly enough to be seen 
by the neutrons. The present results could roughly· be 
explained by Skold's model with the relaxation times of 
lOxlO - 12 and l4xl0 - 1-2 sec for 208°K and 193° K, respec
tively. 
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Fig. 2. Comparison of. experimental ( ·) ·and calculated 
( -) spectra. Inserts in f•igure show the resolution function. 
The bars on experimental points are the statistical errors; 
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