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TEXT: The nuclear quadrupole resonance spectrum was discovered by Dehmeit

and KrUger in 1949 and is used in solid state physics and structure chemistry. Nu-

clear quadrupole resonance was developed based on the following principles: (1) The

electrormagnetic characteristics cf atomic nuclei. Nuclei possess the characteristic

of self-spin. W l.:i 'he ,elf-spin I > 0, a nuclear magnetic moment/M is develo..

When 1 >- an electric quadrupole moment is developed. The i• --nent Q induced by

the nonspkerical symmetrical distribution e" posiv,, charges in atomic nuclei is ex-

pressed by the following equation:

1 r "r)(3 cos 2 0 - 1)rZd?
c /0

Card 11 7z(3z
2 - rZ)av (1)
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where P(-, r) a density of nuclear electronic charge, radista.nce from niass ceinter
to voliumrtric element dl , L* angle between r and the self-spin axis, z z a•tomi'-

"-'r.mber. For elliptical distribution

2Q = z 2 - at)4= 8 zR2 (2 /(

,ghtr-. r,• -a L ellipse factor, = c a (2) Enerqy levels and the corres-

c + a 2
pond;:ng energy of Q in an inhomogeneous electric field. in an axially symm.4ztric

fiý.d energy EM (3) MS41{21- 1) 1' ( ) 3

whr.re q e r.,lectric field gradient at the nucleus, cqQ 2 the coupling constant .,cf r'I-:' ýar
quadt'apole moment and M1 = 1, 1 - 1, .-.. , -1 - 1, -1. If the induced faequency y' in a-
inhomog:hcois field satisfies the condition

h /., A.. cq[ ]ZMlI - 1] (4)

Card ;/ 7

tra•'-itions from one energy state to another will occur. If t].a energy statr jumps

to a higher lev!, it results in the production of nuclear quadrupole resonancfs.
(3) Zeeman splitting theory. The introduction of an external magnetic field will
]-ad to furthe.r splitting of the energy levels. The process is called Zeeman sp'.itti.r.

For simplicity, Ihe energy of interaction of an axially symmetric quadrupole with an
avially symmetric electric field gradient is expressed bycq I M2 + __

E M '.41(2.1- 1) 132 - I(I÷ + 1÷j M 2h H coo• &.'

--h' magnetic field in which Zeeman splitting takes place is around 102 gauis ,w-th a

corresponding incr-ease in frequency of 102 kc/sec. The frequency which satiqf-i.-
4M' I iat M > and M IM + 1) is given as

M h 4 3(t-1 (21MI + 1) ! r.Hcos 9

Card 31/ 7
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(4) Factors affrcting the spectral line width of the nuclear quadrupolp resonan-ce Pptý.'-

tru~m are-: (1) Stati,ý factors. The function of adjacent dipoles between resora&tr,,

dci- and nonroesonanc3n nuclei will cause splitting in the resonance spectra ard wil'

also i~ndu.-*- self- spin resulting in further fine splitting, Internal strain and misal-.g-7

mtent of th6 sam~p!ks and impczrfection in thf, crystal lattice will also incrr-aqt, th.,

width o~f spect.ýa!lins (2) Kinetic factors. Molecular torsion and rotatiort are ,.

p-rincipal cauges. Th,! movement is the result of an interelectronic function r x

adjace'-t mo!li''de~s and ran be estimated by means of an infrared detector aid a Rom-a-.

!-p rt Irm. Molz~c'...arý rotation. vwil change the eloictric fioel-d gradie:nt as exp.css,ý.d ýy

thp following equ'atior: q1 q (3 -os::5'- I which in turn will affrect the -,-o-ar,

fef;incýy by the amount ti 3co~r ) The latt- r can b,- ottaingd f rom t~i

mrmoranczr. fr~e~ytmeauecurve. The. installation for observation of r'U-J'ar

quadrlipoir- rF -cnanc.- spectra. is similar to the equipment set up for nuc'ca'- mag'.

-a-rd 4!7

.msonarces obse-vations with the exception that a crystal field within a sc'4id sampU
re~placs's the e~xternal magnetic field. The basic requirement is to regulate frecq- .:-,
change~s and to rpecord the resonance signals. The frequency ranges from a fU."k
to 1.000 kc-. ApplicationE )f the nuclear quadrupole resonance spe~ct.ta ar!:: (1) As a
mný,thod of -czyptal analysis. Bray's papers point out that difference resonanr,7 kp-t,ýa

waill sho-ý the existence of "unbalanced" atoms distributed i~n differe.nt parts of a ~rvp-
tal. having varying ele-ctric field gradients. (2) As a method of ascertairin.g H lord'
formation in solids. Harry's experiment on Cl 3 5 showed that the nucl1, ar quadr--Ipol_,
reosonancss spsct~ra can be used to determineý the formation of H bonds in comvo--idF..
(3) As a rnicthýod of studying phase changes in. solids. The. procc.-Rses of p1-aFre charng..-

in, solid-ý ckn te determ.ri~ned by the tempý-raturo change~ of thi. nuclear quiadru.po>,

qp' ct-a. (4) A? a mcthod of dgeterining the 2fatioe of nuclear quadrupole mom-'-f a-.
d;.tC,7nt isotops- effec-ts. The, relation brctwen r=sponancr. fr~eousn~c~is is x -qvaT-+.

to thp ra~t-.o of th- n'ackrar quadruipole moments at differtnt isotopic val'ies. ()Ac
a me-thod of studying the; effects of radiationý on mattsr. Whoen solid mattoý:r ic

Card 5/I7

pc'.ozf to high ýg adiat; or, , cliar LY w~illF irdurcd in thse ehtzong, f'.

'aand ncaem .ue t.ftn nthe' widning of n,?rarzA.,~eta r
Accrord;2'.g to Monfi!R, the r,ýIatiorship sati!.cfies the, fo2.o,,i~ng e-ai'

I, and arc i .,,sitiPc o'f coaneepcrarpL-rt;At_:y a.?t a- ;4.

-adatnn ct"1- corcinrtration of iprteand 1)r th. Poa, tr' am'.

Kai~to thb.4 amo~rtr of ipitc.(6) As a methpd of si;diýg ,.a~a' --

of On, mic.a! bonds. Since thtj f.-*c ý' gradi-rt r~an ý. -cals;2zat- d Ly theý
c~onqtar', a-, d a-.ymmetri-iaI pa.-ameteý-s of tbhe r.udePar q';ad~r--ipo'.r:.nn- rA

gi.. nrditions, thc. difftrih,-tion of .n-oni- cliaf g, o and th- , r~. ~c
che.mical ý,nnds -Athin thv, mol_,!ý, car aleo ls, dst-ým~d. The ttnar'~t-n- of ;a-

len7t Oek~tn:Or. to-c in atoms iv, meho~m as follows-,

Card 6/7 J -r~3c
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where ýri - the wave function of no. 1 p electron; ri 9, and9i - polar coordinates of
no. 1 p electron. The cj value at atomic nucleus is determined by the degree of ioni a-
tion, the degree of heterogeneity, and duplication of brnd formation. (7.) As a.meth ,)d
of nmeasuring internal stress of high polymers during processing operation. In 196C0
Gutowsky successfully applied the nuclear quadrupole resonance method in measuring
the internal stress of resins during vulcanization. Test results showed that this /
method excelled the optical and strain resistance methods. At present nuclear qua
drupole rasonance spectrum is confined to the study of solids. According to Sterzer
and Beers, the rIMethod is also applicable to the 3tudy of highly viscous liquids. Th-t
article was written with the assistance of Professors T'ang Yu-ch'i (0781/Z589/438•1
and Chien Jen-yUan (6929/0086/0337). There are 8 figures and 10 tables. English
language references are: T. P. Das, E. I. Haha, "Nuclear Quadrupole Resonance
Spectroscopy" 1958; F. Sterzer and Y. Beers, Phys. Rev., 100, 1174 (1955);
H. S. Gutowsky, J. Polymer. Sci., 143, 143 (1960); P. L. Bray, Bull. Amer.

Phys. , 1 (Z), 323 (1956).
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