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ATOMIC- BEAM MEASUREMENT OF THE HYPERFINE STRUCTURE
-AND: NUCLEAR MOMENTS OF IODINE 1131

Edgar L1pworth Hugh L. Garv1n, and Thomas M Green

. Lawrence. Rad1at1on Laboratory and. Department of Physics
,University of California
.Berkeley, Cahforn1a

February 23,.1960
. ABSTRACT
. The nﬁc,lear. rr}aeg_’n_etic.;di‘iqole and nuclear electric quadrupole inter-
actipn .constants ‘a! and 'b! havev,been,measur.,ed,,in‘.8‘-day, iodine-131 by
an atomic. beém,mégnetié ‘resonanc‘e experiment. T‘he‘.result-s a‘r"e

a

575.903.£0.007 Mc

‘b.

578.866 £0.075 Mc

. The zer_o~vfie1d._ hyperfine splittings computed from the above ’_va‘lues,,_of a and

‘b .are

Av(5,4) = 3292.99%0.09 Mc
Av(4,3)= 2138.2240.05 Mc

Av(3,2)= 1314.24+£0.07. Mc

;'T_h‘e nuclear magnetic dipole moment and nuclear electric quadrupole moment

are calculated as

Fi31 = 2.738+0.001,
-24 2
Ql31 —-0 41 :D:O 01 X 10 cm .

- The value of Hl3l,obtainedah‘er¢e differs slightly from that obtained.by other
‘workers, while ‘the value of Q ==<:-(;>nfiri:r‘1_s an earlier measurement made by a

_differ ent method.
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ATOMIC-BEAM. MEASUREMENT OF THE HYPERFINE QTRUCTURE
AND NUCLEAR MOMENTS OF IODINE 131

Edgar Llpworth Hugh: L Garvm,Tand Thomas M. .Green A

Lawrence’ Rad1at1on Laboratory and Departrnent, of Physics
~University of California :
Berkeley, California

February 23, 1960

INTRODUCT][ON
Atomlc beam magnetic-resonance techniques are. currentlsr belng.
-anplred to the measurement of the nuclear spins and etanc nuclear moments‘
_of rad1oact1ve halogen nuc1e1 1 ~This paper reports .a measurement by the
,methed of atomic.beams of the hyperflne structure.and nuclear moments of
- 8- day 1131. The value of the nuclear magnetic. moment obtalned. chffers
s11ghtly fromlthat measured by Fletch_er and Amble using m1cro:rvarze absorptlon

.spectroscopy. 2 - The values of the nuclear spin and nuclear quadrupole moment
P copy , P q P

confirm earlier measurements by Livingston et al.

sk .
“Work done under the auspices of the U. S. Atomic Energy Commission.

TPresent address: John. Jay Hopkins Laboratory for Pure and Applled

.Sc1ence, General Atomic- D1v1smn of General Dynam1cs Corp., San Dlego,

California.

TT'Present address:. Boeing Aircraft Company, Seattle, Washington.
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- EXPERIMENTAL METHOD AND THEORY

The atomic-beam apparatus and. the exlboverilmentaltechniques used in
this experiment have been described in detail elsewhere. 1 ,Ra‘dioactive _,1131
is mixed with stable iodine carrier andvdisséciafec\i in a_-,_ra,dié‘—frequency-dis-
charge tube or a heated platinum dissociation tube. 4 ‘The .atoms are.passed

through an atomic-beam appa_ratus,désigned,to observe "flop-in-in"-type
.transitions in the way first proposed by Zacharias. > "The theory and method
of the present experiment are similar tomthobse,u-sed,by;-' Davis et al. ~ in their
study of the stable chlorine isotopes and by King and Jaccérino7 on the stable
. bromine isdtopgvg, and is‘_::identical with that descr,ibed.,iﬁAconnection with a
_recent.expeﬁment,‘on bromine-82. 8 -For completeness a brief descripfion
.of the method of obtarin_ingvthe interaction constants is. given;,beldw. | |

—
The interaction-Hamiltonian of an atom in a magnetic field:H can be

- written ) _

—_ N —\ '

YV =h.a(l- J)+ thop_-Ho_(gJJ - H+ g1 S H)’ (1)
where
— -— v
T-T= 2 [F(F+D) - 3041 - 1a41)]
5 =
: Y
3D+ (D - ) 134
Qo‘ = . I .
P C2I(2I-1) J(2J-1)

I is the nucléar séin, J .the electronic _aﬁgular‘momentum and \/FW is

the total angular momentum in units of £, g5 and 81 are.the electro‘_n.ic and

nuclear g _va_lues; Mo is the Bohr magneton, and a and b -are the m.agn'ietic

-dipole and electric quadrupole hyperfine interaction constants. |
This: Hamiltonian neglects inté'ractions between the nucleus and electrons

of higher order than electric quadrupole, and.no account has been taken of
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per’;urbatiohs due to possible configuration interaction. The cbnstants _a and

_b_ are related to the nuclear moments by the expressions 0,6
e | L
3= "0 13 24 (£+1) < > (2a)
h. J(J+1) x o e
& 24 N o
b= - afl SRl o . {2b)
h - 2043 : o
g is given. by 8 = I B | where p is the nuclear magnetic dipole
' T M 1 ‘

moment in nuclear magnetons; Q is-the nuclear electric quadrupole moment.
The relativistic’ correction factors @ and G:{ have the values?' = 1.062

and @= 1.128 for iodine. - Other symbols have their usual meanings.

~ The nuclear spin of 1131 is.?/Z, 3 and the electronic ground state is
2’.P3/2 . The energy levels of . I 31 -are shown plotted versus magnet f:eld

in Fig. 1. The levels were. obtained by solving the Ham11toman (M by means
of an .IBM. 650 compﬁter and with a .and b .wvalues close to those flnvally
~obtained for 1131.- Iﬁ_orde—r to determine the hx'yperﬁne splittir‘lgs«thevtwo;
transitions labelled.(a) and (B) in Fig. 1 are observed w1th increasi;g' |
‘magnetic field vélues énd at each-pqint the Harnilténiaﬁ is.solved to yiveld
approximate values of _a .and b. These values of a én;i b are used to
predict the frequencies of the transitions at still higher fields, ‘and the process
is continuéd" until i and b -are known well encugh so that 'é,searchican_ be
‘made for the diréct .(AF = *1) hyperfine transitions at iox& field. As the
compﬁtational labor _invoived_v,in.such‘a procedure is great?. two IBM computer
programs have beez.l_develope”d.vto.fa,vcil_‘it_a.,te,the célcul-at_ions. These programs.
-have been..described_in.detail elseyvﬁere;"g The first ‘.prfograrr:l..&:a.lgﬁlates transition
frequencies at an‘y, grbitrary.magne,tic_:__.field _fblv"given' va,lﬁes ,oﬁ _a_and b,

the second. program makes a least-squares fit of the Hamiltonian (1) to any
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ob_served.,résdnanée»dz_a.,ta_in,order to provide best values of i and_h. The
latter program fnakes,_ its fit with both signs‘ of gI .and tests the .goodness

of fit bj-the .X'IZ test of significance in.both two cavs_-e's;':”L -It can thus be

used to determine the sign of g1 andvvhence the sign of t.'he nuclear fnoment
. if the data allow this.

Th¢ _valﬁes quoted below ;Eor ..L and b -are the value S. compuited_by

the second of the two programs from all available input da_ta {a,p and AF=%1
‘transitions) énd,the values of Av quoted.below @re,théée compu':ce_d‘frém these

.best values of ;:_a_,.and _b_

\ RESULTS
- Table I contains all. resonances that have been»obs.ervéd in -..'1131 during

A tiae course of this experiment. . The values of _a_and b_.computed from the 17
: _resonancés, w@th g _taken.‘positive are ;a'hz 575.903.+0.007. Mc,

b.= 578.866.£0.075 Mc. - The uncertainties quoted are three firn'es-,thos,e

ac.tﬁally_ resulting from the machine éor.nputationsv. - The value of ¥ 2 with

g1 > 0 .is 3.4, but if g1 is assu_med-.ne‘gative _the value of x 2 is 30 .
|  Consultation .of tables of x 2 shows that the probability that gi‘_is positiVé ‘
is grréatevr than. 98%., _:Indeed,v statistical arguments.,woﬁlc_l :réqﬁiré that if .thé
choice _of the uncertainties in the resonaﬁce centers had bveén..ma,de in,the
Abe..s_t way allowéd by‘,vfché data, the.resulting‘value of x 2 :shouid,be équal_t:o
the number_-.of,Observ'ationsv rninus_thé number of degréés of freedom ((A e. |
17-2=15). . The. small value of XZ -obtained .above for g; )0 therefore
indicates there is,justiﬁcation_”for reducing theJassigned,uricerta;inties-below
the values we have cho‘éen by a factor \/ —:1)’—; & 2. Thié.would have the - .

result of further increasing the probability that g1 .is positive. In the last |

column of Table I we have listed the residuals, i. e. , the differences between

”



v

-6- UCR L-9087

_the observed resonance frequencies.and those calculated using the best values

of 2 and b, and in Fig. 2 we have plotted the results in a way which shows

very clearly the improved fit to the Hamiltonian if g1 is taken positive rather
than negative.

Corrections to _a due to the finite size of the nuclear charge and

‘magnetic‘:r.noment distribution . are n_egligible_vfor' atoms of moderate _Z in pure

3/2 ground. states and can be neg"ec"ed as can correctlons arising from the

‘ mixing in of the Pll/Z .state by the applled magnetlc field,

The zero-field hyperﬁne--str‘u_cturve separation .can .best be obtained by

. solving the Hamiltonian (1) witk I = "{/2 and .J = 3/2 We. ﬁhd )

15

AV-.(5, 4) =5a+ 57 b= 3292.99.+ 0.D93 Mc /sec,
Avis, 3) - 4a - é;"b,.: 2138.22%0.05 Me fsec,
15

Av(3 2) - 3a - S1 b= 1‘314.24 +0.07 Mc/sec.

 NUCLEAR MOMENTS OF 1'°?

' A Magnetlc Moment

Followm the method first pro osedb Davis et al 6 —_— ma be
g P P Y- Y3 Y

eliminated from E‘q (Za) by taking ratios between 1sotopes of t‘le same element.

3 131 .S
131 "

' a _ I.

a

where s refers to the comparison isotope.

The . magnettc ‘moment. of I1 7 “has- been measured by Walchh in-a
,nuclear magnetic. resonance experlment (leZ?_ = 2.8090 ivO.,0.00‘i, diamégnetically
~corrected), e 'and,the« a -value for Il 7 h-asvbeen,jmeaSured.-by Jaccarino, King,
127

and. Stroke in an atom1c beam experlment ( = 827 265 +0, 003) Intro~

ducing these results intc Eq. (4), we obtain

w3l 2 2.73840.001 nm.
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This value differs from the value 2.56.£0.12 nm obtained by Fletcher and

Amble. 2

B. Electric Quadrupele Moment

From Eq. (2) we find

 2) we. o
\ =52 (B £ gh L .

. Using the known values of a M, and 1 for the _s,tai_ble_isotopve ‘1'127 and the
measured value of b for 1131_, we find

Q= - 0.40 Barn.
In order to obtain ,fhé,t_ruenuclear quadrupole moment Qt’ a correction
‘factorb C, such,tha’c Qt = CQ, ,: is ,iritroduced. This factor C,. first calculated
- by:Sternheimer, 14 allows for ti'_le changed interaction of the valence electron
-with the inner core of electron; in the presence of the polarizing field due to
‘the nuclear quadrupole moment.  This constant has been.calculated for iodine
by =Sternheimér-but w_ith vthe neglect of certain-antishielding corrections. . C is
1.029,. but in view of the uncertainty in the exact value of C we have chosen
to assign.an uncertainty to Qt' equal to the vélue of the correction itself, Thus

Q= - 0.41£0.01 barn . | |
‘This result is.in.agreement with an earlier measurement made by, Livingston,
Cox, -andGordy, using_mic.rowaver absorption spectroscopy.

- The authors wish to acknov;rledge the assistance of Mr.k Larry M.

Cohen who éi’déd in the operation of the atomic beam apparatus. Members

of the Radiation Laboratory Chemistry Department and.Health Chemistry

- Group. have made substantial conbributions to the success of this work.

el

o
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- Table I
' Combilatiéh of experimental resonarnce data dbserved_.in.llg’k

Resonance . Frequency,. f. . Calibration _Alkali-- : 63 : ,;§fa _. Residual
.type | _(Mc')> o ._fre(}L;/f?)éy, v em;:)loyed: '(MQ) ;(Mé?_ gl(l\;lco)
o 49.600  90.0 K 0.080 0.073 0.024
B 34.900 - 90.0 K 0.080 0.063 0,004
B 48,175 137.0 K 0.100 0.047 -0.017
a ©169.900 500.0 K 0.152 0.057 0.025
6 133,300 500.0 K 0.152 0.080 0.045
a | .517.000 : 3,26..0 - Cs 0.050 0.‘417 -0.277
s - _529.400  320.0 ~ Gs 0.050 0.203 0.006
a | ] 355,750  220.0 - cs 0,038',\0,2‘50 -0.056
B 320950 2200 - Cs  0.088 0.230 -0.025
a 805.800 500.0 Cs  0;.175 _'0.480 -0.036
(4,0%.(3,0_)'  2138.230 05 K 0.025 0.030 0.005
_.(4,6);(3,0.) ©2138.220 | 3.0 K 0.025 0.029 -0.003
(4, 3)-(3, 2) 21700090 o '10.0 - cs  0.025 0.060 0.043
' (4,3)-(3,3)  2170.880 10.0 . Cs  0.025 0.070 0.107
(5,-3)-(4, -3)  3289.090 5.0 K 0.025 0.043 -0.035
(5, -3)-{4, -3)  3291.440 2.0 ‘'K 0.025 0.034 0.024
(4, 0)-(3, 0) 2138.210 2.0 K  0.025 0.029 -0.014

.the quantities 6v and &8f are 1/4 and 1/3 of the resonance widths at

half height of the calibrating beam and iodine resonances respectively.

{
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RUN NUMBER.
*\ C FIELD INCREASING —»
N, . (86 TO 1049 GAUSS)

MU-18040

Fig. 2. Test for the sign of g

(fobs. -ftheor.) for gI <0
(fobs. - ftheor.) for gI >0

. Uncertainty of measurement

Plotted above are the differences between
the observed resonance frequencies, and
the frequencies calculated with the best
values of a and b, for two signs of

g1 The dotted lines exhibit the experi-

mental uncertainty. It is seen that
gy > 0 gives a consistent fit to the data,
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