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N.M.R STUDIES OF THE DYNAMICAL
BEHAVIOUR OF METHYL GROUP IN SOME
TERT-BUTYL SERIES.

N.A. Khalefa
Department of physics, College of Education, University of Al-Anbar

ADsiract

The temperature dependence of nuelear (proton) spin latlice relaxation time,
‘I',. The tunnel splitting and the hopping rate depend upon the leight and the shape of
the hindering barrier to the methyl rotation and carry information on the group’s
molecular environment are reported for a number of samples containing tertiary —
butyl groups.

The temperature rang was 4k to 200k, This date hag been analyzed to provide
cotimates for the magnitudes of the three-fold potential barrier to reorientation of ull
methy! groups in these materials. At low temperature the motion of the tertiary-butyl
protens can usually be neglected- cross refuxation due to the dipolar interaction, 1$
much more rapid that spin — lattice relaxation. All protons of the sample relax as a
sinple system. _

In one or two cases tunneling is observed for the irst time in tert - butyl. The
Ty results are used to evaluate tunnel frequencies tn other cases. The results sugoest
the importance of collective motion of methyl groups in tert-butyl.

1- Introduction

The methyl group which is formed by three hydrogen atoms bonded to 2
single carbon atom, is onc of the simplest and most common groups in orpauic
chemistry. The intrinsic spin of the constituent protons makes the group accessible to
study through techniques such as nuclear magnetic resonance and peutron scaltenny,
oiving both an ideal probe of the molecular environment and a test eround for theories
of molecular motion.

‘The methyl group has been used as the ideal model system for study of atorie
and molecules motion in the solid state. The resons for the choice have been diseussed
by a number of authorss as for example in the review by press and the references cited
there in [1]. '

The tunneling rotation of the CHj is usoally determined by the moleeulor
environment of the group which sets up potential barriers to the rolation. Due to the
symmetry of the group. The potential has at least 3-fold symmetry. Measurement of
the CI1; tunnel splitting at low temperalure provide us with accurafe values for the
magnitude and shape of the potential barrier along with predictions for the hicrarch of
torsional state within the barrier. The dynamics behaviour of Cl1; ean by studied and
interpreted in terms of excitations and relaxation within the known ladder of encrgy
level. a

Despite the apparent simplicity of the system there has arisen a fundamental
dichotomy of views regarding the theoretical deseription of the dynamical splitting or
the reorientation rate. On the other hand the dynwmies are described theoretically by
iavoling photon interaction explicity and onc the other the role of the phonons 15
~-2rety that a thermal bath to establish and maintain Boltzmann population within the

-=i~nnl Iadder of levels.
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The latters has  been approach  of  Clough ot 4l (2,3). Ilere the
phenomenological model of S., Steiskal and Gutowsky (4) has been modificd and the
quanium mechanical principle formalized {o provide u single parameter theory in
which the only variable s the barriers height. This is in contrast 1o theories wlhicl |
s iroduce, '
Shonon mteractions explicitly in which many wiknown coupling e inveked (5). The
waterials chosen for this Investigation arc (erl-butyl-nitrite, tert — butyl methylcthier,
Lot - butyl peroxid and pivalic acid (2,2,dimethyl propionic acid) are included here as
cxamples of how the relaxation of (CIs)y changes, 11 is our aim (o lind the behaviour
ol tertiary bulyl group when it is in contacl will illerent atoms. The compariuion
between the motional spectrum of different (CHs)s muiterials will be related to the
molecular structure.

in this work the temperature dependence of the nuclear {proton) spin Luiice
relaxation time (Ty) for all materials studied in order 1o provide a further test of the
validity of Clough ct al’s model. The temperalure dependence o 1 is caleulated
wising only e measured tunael splitting as in bpus prrametery and conpared witly
~puerimental values. For selected materials the NATR technigue was used 1o perform
.o cxperimental measurcient, Nuclear magnetic resonance tunnching (NMR) is a
cowertul technique Lor the investigation ol rotations! tunneling of small molecules or
weoleeular proup like CH;(1). NMR s sensitive 1o motion of proton spins through the
uipuie ~ dipole mteraction.

- Lxperimental Details:

Mceasureinent of the CIH; tunnel splitiimg ansing dipole — dipole driven NvIR
waperiment, measurement of proton spin lattice relaxation 1. were made on a pulsed
S NLRL speetrometer system which operates ul 21 Milz A satwration — recovery
twwehnique was employed  and recovered nugnclization wis observed 1o prow
cxpoucntially  within experimental crror. All oporation of N.MR. speclronicter
system were automated using LSI-1T minicompuier systent. The sample which are
Hgaid at room temperature were distilled and scaled inder vocuun (107 Torr) in vlass
supiple tube following repeated sequences ol livere - Jiuip - thaw cyele to climinale
oxygen. The cryostate incorporated a sulenoidal superconducting magaet and the
saniple temperature control within the variable lemperitioe et waes better that 0.1 k
throuphout the temperature range.

In this work two pulsed N.ML spectiomcters were wsed. A spin lock
spectrometer operating at 260 MIz was used for e Jow Do experiments, And the
Brulier plused N.MLR spectrometer which aperaaad abt 20 Mz was used G0 1)
experunents.

For Ty experiments the temperature belween room (womperature and 4k could
be reached by pumping helium from the bath surraund the superconaucting napnet
o a dewar vessel running through ils centerul bure, Ancedle valve controlled the
flow rate,

A field cycling routine was emploved as follows 1o scan the proton spin
relaxation in the level crossing region. The muvmelization was saturaied with a buret
ol 90 pulses and the magnetic ficld then-swilched nnedintel (037 per second) (o ai
tspection ficld the region of interest where sampic was reliced for 30 sce. The Geld
was then switched rapidly back to the spectotieter vperating icld aid the par.iy
recovered magnetization measured with 1 90 pulse repeated cveles Inerementing the
wspection field methodically at cach step ware made o race 0wt the tunnciing

speetra. The sample temperature was aceuralely ininbiied GG NCIIC pressure,
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A period of sample preparation at high magnetic 11l {Typieally 5T was made prior
to cach scan in the manner of the techniques deseriled by Clangh et al {6,7).

3- Results
3.1. Ty versus temperature

in this section the results of the Tr measwrements will be presented and
compared with the prediction ol well established correlation hetween splliting of the
ground torsional state (h,v,) and femperature at wh:ich Ty is o minimum and (ien well
be connected to the molecular environment of methyl proup i1 the unit ecll,
ITaupt (8) has modified the classical Blocmbergam. Purcell. pound (Bpp) theory for
nucler spin — Iattice relaxation (9 to include the extra components in the spectral
density function which related to the tunneling o CI15,
Iig.(1). Fig(2), Fig(3) and Fig(4) display, the resuls of incasrement tpon the Tert —
Butyl- nitrite, Tert- Butyl- methylether. Tert. perdde, and 22 dimethy
propionic acid respectively. Fig(1) shows the relisation I havionr of tert — hutyl
ntirite, Ty mimina is observed at 148 8K,
The Tow temperature minimum is associated with the measred tunne! frequeney of
0.7 X 10° Hz which corresponds to a three - (old Larrjer het Bt ol (2000k). The solid
line represents fit using the reorientation rate el ulated Eom methvel thermometer

model using the caleulated three — fold barrier ~cight (T Some vimple OTIANIC
samples which contain Tert — Butyl Group C- (C!o; suely v — bur T methylether,
tert = butyl peroxid and pivalic acid are includ | here . examplos ol how the

relaxation of (C13); changes.

In spin lattice relaxation time versus fempesitore curve shown in Pia(2)., We
observe two minima. These are clearly observel at 7007 and FIR.HEL this is an
interesting sample in its relaxation behay iour. In e temper are dependenee of spin
lattice relaxation T, the correspondimg predicted barricr he, -kt for .- vl eroups s
IT00 k we have predicted the tunnel splitting 15 0.6 % 107 11w we one e the tunnel
splitting for second methyl group 2 is 0.5 X 107 112 comes niding o barrier heipht
2050 k. Tig(3) is a plot of T; versus the lemperature inver - of terf - huty! peroxid,
which shows the Ty minimum at 163 & FipD) show the ame stor but for 2,2
dimethy! proplonic acid (CIl3)2Cooll and iUs minimum a0 1G5k (i 3Y shows the

update correlation curve of different saeples inchading (e our same - mentioned
above,
3.2. The low ficld measurement in tertary —But ! Sroup vl o

Low ficld N.MLR. measurement of the el spliv: . ror the 0
methyl proup in tertiary butyl serics supplicd by 1'ulig ois- veal Ld o o e L gy,
UK. reveals that (he methyl group tunae seittee in e Biterens !
energy range. e,

The molecular structure of tert — butyl hax the o
The low field NMR data for this serics nre showis Som Fior o G-8 Faels ane is g plot
of magnetic field in mT versus the magneization Toubiter mil A s Samary of the
tunneling frequency of these samples is shown i 1h!e FErom it o0 ean see the
barricr height and tunnel frequency chanses, s changecs 1 the barrt oy heiehts and
the tunnel frequencics are presumed 1o be due wo 1 . difterc o inthe ¢ sl feld for
different sample. |

Six typical sets of results for rivadic aetd e shean i [ (Y b for
rraciation frequencies of 500 MHz, 530 00102 60 i, 760 54 b, 801 iz and 850
-7z They all show a clear Am=1 tran: ition necs Lt s transt. o necnrs at

o 2ven by B=w/2 [117 with a side bund o et Dol AN expe wed the main
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feature moves towards higher [icld as the imradintion frequeney is increnved with the
sticband displacement remaining constant. "Ihe vpeer stdel s s very ool at these
[requescies us noted by clough ct al.

This is thought to be duc to level crossing in the chnergy evel diagram
occurting at 8mT [12]. At other irradintion freauigics upper side! axd may be
more hutense that the fower one, or both mav hoeve simi'sr intensitle.. e Amn=2
sjzzetrum cun be seen centered at ~8mT. this iisition ocet= a4t field piven by B= w
2y [13] where @ is the applicd iradiation frogenee, wnd o' - shows el idebands.

The tunner frequencies have been meanired o

(1124:5) and (90+£5) KHz,

Crre founs o be equae.

- (382:45),

Tert-butyl peroxide has the molecnlur forne'y {CH O cooe(CHY . e data for

tert - butyl peroxide js very similur to Ut Loy

auid). A typical example is shown in Fiy: 7) fur .
The Am-1 and Am=2 wansitions ¢ casilv
{frequencies lic at (17042) and (12742) 178z 1

the Ami=1 peak at other irradiation fregimncive.
way Lo thuse seen i pivalic acid.
4- Discussion of T Resulfs

L1 11p(2) the proton relaxation time 7

within the tert way butyl groups. This me:on s |
by the relatively high temperature at whl 4t
o sismfteant role at this lemperature i e 4t
Iiph temperature region. ‘The Ty at the misimne

that almost all the protons i the samplc ore inve

Golew famperature mnimum oceurs Jdue o onne:

coa ol (2 1s remarkable because the L bute o
& .

prosible explanation for this is that the t-! vl
teraperatures. Thereby contributing o the
croups begin to rotate within the =buts . gros

LT

already time dependent due o the rotiiag o

reluxation due to the dipolar mteractions is s
refaxaiion [, Conscquently alf protons i
Fiotons of o single molecule are relaxed v o
siower than if the group were isolate o s
teraperature minimum of [p(2) ts deeper un
sroup only, thus confinming the rotation « -bus
5- Conclusion

In this work measurement of the emypes =
spin - lattice relaxation rate (1) In the t-lnvt -

peroxide, 2,2 dimethyl proplonic acid, at o e
The relaxation is caused by the ne
mteraction by the reorientation ol the -l -

consittucnt methl group (CHy). [U 1 neossary

reoricntation is superimposed on the rotat'on i
the investipation of the nature of muelecuiur oo
our experimental work in these sunle By’
fcatures of the general problem ol the s
solids as the temperature is varied.

e P |
IR -

s aradats

SREERHI N IUN I

L
requenes
seen. s e sew
o) SuaeT e shouldes

Covse vl inlensit

P Lee i o
TH8Lk. The lirst can be contidently assic aed o o

clleey

oslrane! Hingdered

HSTAINIRE venrs.

Loaeory o cunt adee

a2 Eenall enov
o e

clion. Ince

s mel

Sditntn

Sy sl
Wrenos o oley ay e
coaltine HFA TIPS
wdipol s Gpele
ERERITHEY SUERHEEN!
co R e sl s
P O A R
St o b
Ly aid i
dabhe e due
aonweeh i

dopern e ()
Pether 0= by
TEITCTY S
noal IRSELSI I
aup v ngsl ar
ENUSIVIH Che L

Sebale e o Those

ETTSTH Ve L
polee st
B o

dimpe -

AN

Cnoethy] e

propionic

A0 IS

tunnel
CoosCen un
a4 shnihire

[REN]

-skoand
1 rotalicn
-dicated

au plays

o Lor this
to ndicate
s samphes
BRLU A T

Phe only

el losw

smeth ]

dong e

woo Cross

- lattive

=, I il

ation 1s

e low

sinethyl

- protuns
- -Dbulyl
~dipale

o theee
vyl
Ul
Crpoert
arlant
‘eeular




Fg

Poaacl oAb

The general theory of spin — Iattive ve's
cqually well to the t-butyl croup. 1o teripa
other CHjy group attached to Sp? Iy ridisod o
shows that in most cascs rotation is Fst coms o
aroup, but the case of t-butyl i ¢
dependences ol proton spin —lattice s tion
samples containing t-butyl group w'ose ne
very precisely during this work, 1% oy e 1
prpionic acid. This is the first tiny Tz e
buty! groups.

We interpret the Ty minimun:
ct al. this 1s used to estimate the t
samples. The dominant fact eme-

characteristic temperature of Ty nu
results. We attribute this to the e
butyl group as a whole is not o
[requency is expected to be about 10
are lhe {irst measurement of the ¢
hetween the proup is expected to I
nature of the tunneling spectrum.

A small number ol sample-

attnbute this to other methyl proup:.
the whole group. This is confimicd
the tunneling splitting for the t-bn
dipole driven nuclear resonance exp
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