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It is sho wn th at ca reful prepa ration is necessary to achie ve a consis tent value for the Cl:15 nu c lea r qu ad· 
rupo le resonance freque ncy in KC10" sa mpl es at 273. 16 oK (the triple point of wat er). Thi s is illu strated 
by measurements on a numbe r of samples. It is sugges ted th a t the N.Q. R. frequ e ncy of CI"5 in KCI03 a t 
273.16 oK and a tmospheri c press ure is 28,213 ,372 ± 2 Hz. This value is co mpared with meas ure me nts made 
by previou s workers which s how a cons ide rab le s pread. 
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For so me time there has been interes t in the use 
of the C)35 nuclear quadrupole resonance (N.Q .R .) 
freque ncy in KCl03 as a thermometer [1-5].' In 
references [1 - 4] the line center could be meas ured 
t o within an experin ~ntal accuracy of ~ ± 10 Hz 
corres ponding to ± 0.002 oK at roo m te mpe ratures. 
More recently V olpicelli e t a1. [6], and Vanier [5] 
have described arrangements in which the s pectrom­
eter freliaency is locked to the line center and Vanier 
[5] has made meas ure me nts at 77 OK to a n experimental 
accuracy of order ± 2 Hz. 

We have used a Pound, Knight , Watkins [7, 8] 
marginal oscillator, with freque ncy modulation , 
locked to the resonance using an arrangement similar 
to that of Volpi celli e t aI. , [6] . Th e specimen co il 
was connec ted to the oscillator by means of a 20 in 
length of rigid stainless steel coaxial cable; the earth 's 
magne ti c field was shielded by a /L-metal can. 

It was established that the resonance frequency 
was inde pendent of the detection system by observing 
the N.Q.R. signal from one sample (later referred to 
as # 8) using a modified Knight oscillator [9]. The 
reso nance frequency was also found to be inde pendent 
of the oscillation level, if the rf voltage across th e tuned 
circ uit was in the range 0.05 to 0.5 V. (At higher levels 
not only is it difficult to eliminate incide ntal amplitude 
modulation e ffects but sample heating is also observed.) 

In ord er to obtain an accurate value for th e N.Q.R. 
frequ e ncy of a particular substance the crys tals must 
possess a hi gh degree of physical perfection and chemi­
cal purity. Crys tal imperfections will broaden the 
resona nce line if they are random in nature but may 
also lead to a shift in the line center if one particular 
type of imperfection predominates. Chemical im­
purities, introducing a distribution in nuclear environ-

, F'i g; urcs in b rac kets indica te the literature refe re nces at the end of thi s paper. 

me nts, may cause line broadening which can also be 
accompanied by a shift in the center frequency [10] . 
C he mical purit y can be approached by startin g from 
" pure" s upply mate ri als and recrystallizing. Ph.ysical 
perfection is more diffi c ult to achieve but certainl y 
requires slow steady growth and car eful s ubseq ue nt 
handling. The former is subj ec t to c heck by quanti­
tative analysis; it see ms reasonable to accept as a 
relative meas ure of physical perfec tion, at least , 
narrown ess of lines and inte nsity of the signal. That 
is to say , the differe nt possible origin s of a given line 
breadth cannot be separated readil y, but a mong 
different sa mples of co mparable c he mi cal purity, 
those exhibiting the narrowest lines are surely the 
most nearly c harac te risti c of the pure material. 

Vanier [5] has shown that recrystallization in 30 to 
60 min produces samples with resonance frequencies 
consistent to within ± 2 Hz at 77 oK. We have made 
measurements at the triple point of water (273.16 OK), 
using the type of cell developed for precision thermo­
metric calibration, and find that greater care must be 
taken to obtain samples with consistent resonance 
frequencies at this temperature. The specimen, in 
a sealed Pyrex tube, was placed within the rf coil 
which in turn was immersed in oil contained by a brass 
extension of the rf coaxial outer conductor. Water 
provided thermal contact between the outer conduc tor 
and the triple point cell. To check that the specimen 
attained the triple point equilibrium te mperature of 
273.16 OK the sample holder was rai sed 3 in from its 
usual position at the bottom of the central well (total 
depth 121f2 in). The observed cha nge in N.Q.R. fre­
quency was equivalent to 0.1 ± 0.7 mdeg indicating 
that the specimen had indeed attained the equilibrium 
temperature. 

Table 1 lists measurements made on various powder 
samples at 273.16 oK. Sample 1 is Fisher Reagent 
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Grade, Catalog No. P-212; sample 7 was kindly loaned 
by Dr. Vanier and is his sample P-212 [51. Samples 
2 to 4 were recrystallized in a period of 1 to 24 hr, many 
others prepared in the same way gave frequencies 
within the same range. This includes samples doubly 
and triply recrystallized [11]. Note that the frequency 
range is greater than the experimental uncertainty of 
the individual measurements. Samples 5, 6, and 9 
were recrystallized by slow evaporation (> 14 days) 
in a temperature controlled room (72 OF). A wide 
range -of crystal sizes were obtained but only the 
smaller ones were used in order to achieve a reasonable 
filling factor in the rf coil. Even so, the filling factor 
for sample 5 was smaller than for the others. Sample 
8 is, unfortunately, of unknown origin. The mean 
values for the resonance frequencies can be repro­
duced on different occasions within the limits quoted. 

TABLE I. Comparison of various KCI03 samples 

Sample Frequency <l Linewidth h Signal amplitude Wat e r '· 
arbitrary unit s content 

Hz Hz % 
28.213.352.2 :t 4.2 520:t 21 1.0 0 
28.213.371.4 :t 4.5 517 :t 36 (J .77 0.2 
28.213.366.3 :t 3.3 504:t 13 1.1 .08 

4" 28.213.362.1 :t 1.8 
5 28.2 13.372.0 :t3.0 465 :t 29 1.2 .07 
6 28.2 13.372.4:t 2.9 467 :t 30 1.4 .05 
7 28.213.354.8 :t 3.7 540 :t 40 0.94 
8 28.213.372.8 :t 1.1 435 :t 27 3.3 .56' 
9 28.213.371.8 :t 2.2 .14 

a Mean of 20 one second count s . uncertainties are nns deviations. 
h Dist.ance between 1st deviative extre ma. 
C Limit of detec tion 0.04 percent. 
d Sample not available when linewidth de terminations made. 
I' lt is suspected that there is some organic material present. The sam­

ple had been contaminated with oil. Initial analysis showed 2.2 percent 
water (hydrogen). 1 p ercenl carbon. After a was h in ether the hydrogen 
content was equivalent to 0.56 percent water whilst the carbon dropped 10 

0.01 percent. 

We note that slow recrystallization results in a consist­
ent value for the N.Q.R. frequency i.e., the difference 
in mean values is small compared with the experi­
mental uncertainties and that the resonance is also 
narrower and more intense. (Sample 6 was recrys­
tallized in a polyethylene beaker to determine if any 
impurities are introduced by the Pyrex glassware.) 
Chemical analysis [11] was unable to distinguish be­
tween samples 2 to 4 (in fact the impurity levels were 
below the detection threshold), whilst the N.Q.R. 
frequencies differed significantly, hence it was 
assumed that further chemical analysis of the other 
samples would not be worthwhile. The results of 
analysis for water content [12] are given in table 1. 
We note that whilst the samples contain detectable 
quantities of water there is no obvious correlation be­
tween N.Q.R. frequency and water content. From 
the foregoing discussion concerning resonance line 
characteristics and sample purity, we suggest that, to 
within present experimental accuracy samples 5, 6, 8, 
and 9 are most likely to be representative of KCI03 , 

and therefore propose 28,213,372 Hz ± 2 Hz as a best 

value for the N.Q.R. frequency of CP5 in KCI03 at 
273.16 OK (== 0.01 °C) and -atmospheric pressure. 

Table 2 shows the frequency determinations made 
by various workers at 0 0c. The wide discrepancies 
are rather surprising. The jce point should be repro­
ducible to within 0.002 °( == 10 Hz) if reasonable experi­
mental care is taken. Brodskij and Solov'ev [4] 
controlled the temperature with platinum resistance 
thermometers calibrated at the triple point of water, 
however, they did not investigate sample impurity 
effects. The triple point of water is easily reproduced 
to within 0.0002 0c. 

Using a calibrated platinum resistance thermometer, 
work is now in progress on the accurate measurement 
(to within 1 mdeg and ± 3Hz) of the frequency-tem­
perature characteristic of CP5 in KCI03 over the range 
15 to 300 oK. Other possible thermometric substances 
are also under investigation . 

It is a pleasure to acknowledge the continuing 
interest and encouragement of R. P. Hudson. 

TABLE 2. N.Q.R. frequency of CP5 in KCI03 at 0 °C from the 
literature 

Frequenc y Hz Refere nce 

28.213.470 :t 25 
28.213.420 :t 20 
28.213.421 :t 2' 
28.213.345 :t 10 
28.21:~ . 27() :t 1\ 

Present work 
2 
3 

:l From triple point of water determination and using 

(<l!'.) = 4.9kHztC. 
dt 0 0<.: 

References and Notes 

[I) ~. Dean and R. V. Pound , J. Chem. Phys. 20, 195 (1952). 
[2] C. B. Benedek and T. Kushida , Rev. Sci. lnstr. 28,92 (1957); 

T. Kushida , G. B. Benedek and N. Bloembergen , Phys. Rev. 
104,1364 (1956). 

[3] J. Vanier, Can. J. Phys. 38, 1397 (1960). 
[4] A. D. Brodskii and V. L Solov'ev, Comite Consultatif de The r­

mometrie , 6e Session 1962. Gauthier-Villars and Cie, Paris, 
pp.28-33. 

[5J J . Vanier, Metrologia 1,135 (1965). 
[61 Voipicelli , R. J., Nageswara Rao B. D., Baldeschwieler, J. D. , 

Rev. Sci. Instr. 36, 150 (1965). 
[7] Watkins , G. , Thesis , Harvard Univ. (1952), unpublished. 
[8] Pound , R. V. and W. D. Knight , Rev. Sci. Instr. 21,219 (1950). 
[9] W. D. Knight , Rev. Sci. Instr. 32,95 (1961). 

(10] Imaeda, Y., J. Sci. Hiroshima Univ. A24, 239 (1960). This 
paper is pnmariiy concerned WIth frequency shifts but als~ 
gives many references to work on line broadening. 

[J 1] Spectrochemical analysis of sa mples 2-4 revealed the impurity 
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Analyzer. All hydrogen presenl has been calculated as 
wal er. 
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