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TEXT: The nuclear quadrupole resonance spectrum was discovered by Dehme!lt
and Krilger in 1949 and is used in solid state physics and structure chemistry. Nu-
clear quadrupole resonance was developed based on the following principles: (l) The
electrormagnetic characteristics cf atomic nuclei. Nuclei possess the characterist‘r
of self-gpin. Wi~ *he relf-spin 1 >0, a nuclear magnetic moment « is develo} " .
When 1 >-21_- an electric quadrupole moment is developed. The ir ~mert Q induced by
the nonsi)he-ical symmetrical distribution ¢’ positive charges in atomic nuclei is ex-

pressed by the following equation:
’ Q =——-[/o(6”, )3 cos® & - 1)r2a7

.2
= z(3z - ré) (1)
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whers f’(& r) = density of nuclear electronic charge, rsdistance from masus canter
to volumetnr element d? , O angle between r and the self-spin axis, z = atomin
rumher, - For elliptical distribution

/

; Q=—4 z(rz-a‘)=_g. zR2 & (2) /
whbre éﬁfa : ; i = ellipse factor, R ='_°:.._;_'_3 (2) Enerqy levels and the corres- -
pondirg energy of Q in an inhomogeneous electric field. Ir an axially symmstric
ficld ener cgQ (’: 2 ]

8 EM= gty °M - W+ ) -3

where q 2 slectric field gradient at the nucleus, cqQ = the coupling constant of ru~’uar
quadrupole moment and My s I, I -1, ..., -I -1, -1, 'If the induced frequeacy y in an
inhomogsheous field satisfies the condition )

hy = AE = ch[ [Ny ][z[Mll - 1] (4)
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transitions from one energy state to another will occur. If tl.e energy stat= jumps

to a highet level, it results in the production of nuclear quadrupole resonances.

{3) Zeeman aplitting theory. The introduction of an external magnetic field will

lead to further splitting of the energy levels. The process is called Zeeman splittirg.
For simplicity, the energy of interaction of an axially symmetric quadrupole with an
axially symmetric electric field gradient is expressed by

cqQ 2 1+ h ,

Zhe rﬁagnctic field in which Zeeman splitting takes place is around 102 gauss with a
corresponding increase in frequency of 102 ke/sec. The frequency which satiafi-.«
AMuatlatM> L and * M2t /M + 1) is given as :
‘ t
—————3—_3’— '
W oy c9Q (ZlMli-l)tr-Hcos&‘
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(4) Factors affecting the spectral line width of the nuclear quadrupole resonance rpur-
trum are: (1) Stati~ factors. The function of adjacent dipoles between resorar : ru-
clei ard nonresonancs nuclei will cause splitting in the resorance spectra ard wil'
also indu~e melf-spin resulting in further fine splitting. Internal strain and misaligw-
ment of the samples and imperfection in the crystal lattice will also increase the
width of spectral lines. (2) Kinetic factors. Molecular torsion and rotatior are the
principal causes. The movement is the result of an interelectronic function tatwe o
adjace=t mol-rules and can be estimated hy means of an infrared detector and a Roma:
spect»um. Moluclar rotation will change the electric fie.d gradient as exprosged by

“ovwin Yol 1 : - C - 1 . . .
the following equatior: g'= ¢ (.3_‘:_0_5_&__) which in turn will affect the *seomar:

freqiency by the amount W, =8 Wy (%.1_). The latter can be obttained from ths

reaonance frequency-temperature curve. The installatior for observation of ru-l-ar
guadrupole resonancs spectra is similar to the equipment set up for nuclea~ mag-- *i-
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resonan~e ohsexvations with the exception that a crystal ficld withiz a sclid gamp’-
replaces the exterval magnetic field, The basic requirement is to regulate freq: .oy
changes ard to record the resonarce signals. The {requency ranges from a -, k-

to 1000 k-, Applications »f the nuclsar quadrupols resonance spectra ars: () As a
meuthod of ~rystal analysis, Bray's papers point out that difference r<gorarce apertra
v1]) show the existence of 'unbalanced' atoms distributed in different paris of a rrye.-
tal having varying electric field gradients. (2) As a method of ascertairing H tord
formatior ir solids, Harry's experiment or C135 showed that the ruclcar quad=ipol.
regonance spsctra can be used to determize the formatior of H honds in compowvd.ﬁ.
{3) As a mecthod of studying phase changees in solids. The proceusses of prarc chang.s”’

spe2tra, (4) As a method of d=terming the ratios of nuclear quadrupole mom=rte al
different isotope effects. The relation between regonance frequencics is ¢ jiuivalent
to the ratio of the nuclear quadrupole momen*s at different isotepin vabies, () A-

a method of studying the effects of radiatio= on mattsr, When solid matter is «.r.
Card 5/7

pes¢d to high +nergy vadiations, changss will be induccd in the slectrore, €r-r vadi.
~als, and 'mstable moleules suenlting in the widering of resorarce speaciral vz
Axcordirg to Monfils, the rolationship satisfies the following s71atin s

ovv lg and . are intensities of rcsonante spuctra respentivily telore and afe- -
~adiation, < - the covasrtration of impurities, ard V, - th: volumetl=ir pa~amr* -~
r.lativs to the amouxt of impuritice, (6) As a method of stidying the chrararts L4 -
of ch-minal bonde. Sirce the elsctric Z1uld gradiert can b caloulas-d by the ~aur’iag
comstart a~d asymmes-ical paramete~s of the nurlear gradrapols reconancs yod: - '
giv.e ~nnditions, tho digirititiom of els~t-orir charges and the <chaza<tseisti ;= of
chemical Yords within the moluzules car aleo Yo determired, The trane’tiom of va-
lyrt wlectzom to o in atome ie shown as follows:

: -_~vizj ML _LESRYEY
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where Wi - the wave function of no. 1 p electron; rj, 0’1, and ¢. - polar coordinates of
no. 1 p electron, The g 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 nieasuring internal stress of high polymers during processing operation. In 196C

Gutowsky succenfully applied the nuclear quadrupole resonance mathod 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 - V
.drupole rssonance spectrum is confined to the study of solids. According to Sterzer
‘and Beers, the method is also applicable to the atudy of highly viscous liquids. /

article was written with the assistance of Professors T'ang Yu-ch'i (0781/2589/438‘1)
and Chien Jen-ylan (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(2), 323 (1956).
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