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Abstract

. The Zero field optical detection of the electron spin resonance

and Cl ENDOR of 8-chloroquinoline in_its‘3(n,ﬂ*)<state is reported.

‘The observed data:is interpreted in terms of a.spin-Hamiltonian

which includes the th; 3501, and 37Cl nuclear-eélectron hyperfine
and nuclearIQuadrupole interactions. Values for these parametérs

: X ' ‘ .
are obtained for the excited triplet state.
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Introduction

Optical detection of electron spin resonance in zero field of :
‘azaaromatic B(ﬂ,ﬁ*) .states was first reported by Schmidt and van der Waals(l)

" and later by Tinti, El-Sayed, Maki, and Harriég\for quinoxaline

_ahd'2,3*dichloroquinoxaline, respectively. The aécompanying zero field

optically_detected ENDOR was reported by Harris, et a£31 and subsequently

by Chan,.Schmidt and van der Waaléu{ The effect of the nitrogen nuclear
’ quadrupéié’interaction and electron-nitrogen hyperfine interaction in

the interppetation of the ENDOR has been given by Buckley, Harris,‘and

()

" Maki”’'in terms of the electron-magnetic dipole moment transition operator.

On this basis the th nuclear quadrupole interaction, v_ = 3e2qQ(l - 7/3)/4,
(51 I ) (3)

~ for the 3(n;ﬂ*) state of quinoline’, quinoxaline”’y and 2,3 dichloroguinoxaline

fhas'been'obtained. In addition, the interpfetatibn of the structure seen

, . o . , 1
in zero field electron spin resonance has provided values for the uN

(3-6)

hyperfiné tensor element normal to the molecular plane of these molecules

Clearly, optically detected magnetic resonance and ENDOR in zero field

v”have”beén established as powerful methods for obtaining l&N nuclear

;-

'quadrupéle and hy?erfine interactions in'excited»triplet states.

In this communication we extend this method to other nugléi»byv 

35

reporting the first “"Cl and 37Cl-nuclear quadrupole and hyperfine interactions

~in an excited state. Specifically, the iero-fiéld optical»detection of

g s ( _ | |
the. electron spin reSonance7)and 35?37Cl ENDOR in the 3(n,n*) state of

'8—chlorOQuinoline_is observed and interpreted.
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Experimental

3)

The apparatus used is similar to that described previously~. The

microwave field was applied through a rigid coaxial line to a helical clow
-3

| '
wave structureBxcontaining a crystal of durene doped with 10

The RF field ﬁsed to induce ENDOR transitions was applied by means of a

"bridge T" constant resistance network in a Helmholtz arrangement. This method

permits use of RF freqguencies from less than 1 Miz to 50 MHz withoutl
adjustmeﬂt, The entire setup was immersed in a 1iquid helium dewar
which was pumped to a temperature of 1.7°K. The 3100 A region of a 100

watt mercury short arc lamp served as the exciting source.

The O- O band phosphorescence emission of 8- chloroqulnollne was detected
at a 90 angle to the ex01t1ng light and 1solated by means of a 3/h

meter Jafrell?Ash Spectrometer equipped with a photomultiplier output.

Results

Two of the three electron transitions, those associated with the -
Ty - Té.and T, electron spin manifolds, were observed with
satisfactory resoiution. The"ry - T, multiplef‘is.centered at 86O'MHZ
while.the LT, multiplet is centered at 3&83.MHZ- In both cases, under
steadyistate exciting light conditions, the 0-0 band ?hosphorescence emissiOn
increased When the microwave‘field coupled the respective spin manifolds{
At low microwave power (10 p watts) the strong "allowed" electron

transitions were found. As the microwave power was increased (lOO u'watts)

"forbidden" satellites split off the major transitions by ~ 3 MHz vere

m 8-chloroquinolin@§g
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observed. At higher powers (100-1000p watts) these "forbidden satellites

saturated and an additiondl multiplet of sateilites were observed split ~25-MOMH

from the center section. Figure 1 illustrates a microwave power study

of the T# T, transitionQ The same basic pattern was cbserved for the

35 37

Ty - TZ transitions. Cl and ~'Cl ENDOR were obsérved by monitoring .

the change in the phosphorescence intensity of the 0-0 band while saturating

one of the'Ty > T microwave'transitions in the outer satellite muitiplet

and simultaneously sweeping the RF frequency. An example of an optically

35

detected 27CL ENDOR in zero field is shown in-Figure 2. A1l observed

freguencies and relative intensities are given in TablesI,IV, and V. Measurement

‘of the transition frequencies with an accuracy better than ~ 0.1 Miz

was generally nol possible due to the line'widﬁhs associéted with the

individﬁal lines (~ 1.0 MHz) and_their ovérlap with other transitions.
Discussion

' The structure of the zero fleld transitions Ty - TZ and Tx - TZ
and the accompanylng ENDOR observed in 8- chloroqulnollne can be understood
in terms of theé spin Hamiltonian

74,3 h z/m- 7 7/c1 @

Vo

where EZ/;S 1s the zero field splitting Hamlltonlan

- S NPT | '
= (X8
-}z’/ss (8.7 + ¥8 " + 280), o (2

and?L/N, jCl ad7\/ |

fQ’

up? /7y 2re the nuclear quadrupole interaction and

'.electron-nuclear hyperfine_interadtion for nitrogen and chlorine.
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Equation 1 may be éimplified by the following assumptions. First, we

Cl
assume that the y and z c0mponents of 7?gf and)zy may be neg]ected This

is justified in sofar as the EPR measurements of Maki, et al. on qulnollngg’ haV(

shown that A > Ay&’ AZZ for the th hyperfine 1ntera0ulon. Moreover,
since the perturbations'due to reasonable Ayy and‘AZZ components for either

1k 35,37

N or Cl would be much smaller than those due to Axx they can,
to a firétvapprOAimation,be ignored. We will also assume that the

pr1nc1ple axes of the tensor 1nteractlons 7?gs,fe4g, and )7/, ’ c01nc1de.

It is reasonable to assume that the pr1n01ple axis of ] and 7f c1
would be olose to the direction of the nltrcgen.lone pair orbital and
along the C5C1 bond respeotively (approximately_along the Y molecular
éxis).’.'Furthermoré; in‘quinoline the nitrogen lone ﬁair direction

and the Y axis of 7§é;.are within a few degrees of each other(9’lo).

We assume that 8—chloroquinoline does not deviate appreciably in this

respect. With these approximations we can write -
He=Z an®  (x=x v, 2 (3)
Hgl - efq(enja(er) [3f - 15112 + H SN (ha)
o () = efa(ena(en (1,2 + 1 Byen ()

A= (rs e
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/c1 N a1 oyt
777/}15' = AXX(01)(1/21) [I+Sx - I_Sx] o (6)
In order to simplify the discussion we will initially consider only 35Cl.

" The product functions< u f v ] = T xf x._ form a set of elgenfunctlons

which diagonalize 7/ ag? %’ﬁv and 71Z ( excludlng | (n)) C Ty x;, and

X, are the electron, chlorine nuclear and nltrogen nuclear-spin functions

respectively. u and v correspond to x, y, and z while take on values

i
Xp
+ 3/2, -3/2, + 1/2, and -1/2. With this choice of basis functions, only
21 N o1 the , - : .

AL and&parameter containing the Cl field gradient asymmgtry,
l(n are off diagonal in the Hamiltonian matrix. An energy level
Q 5 .

' diagram appropriate to the Ty -> 'TZ transition in 8-chlorecquinoline is
giﬁen in Figure 3 . The zero field energies arevarranged in the order
E, > Ey >E_. The result °£77Q (1) is to mix: stateS< ufv l dlfferlng
in Af = #2; thus, 71 cannot glve 1nten51ty to "forbidden" trans1tlons

-between the different spin manifolds. However, since ?7/ (n) couples
states that are also coupled to states in a different electron spin

HF?

and 1nten31ty variations via the Jnteractlon w1tk1?0/ . Since these

manlfold by }?bl 7 may give rise’to small frequency (~ 10 KHz) shifts

variations are very small, 7 cannot be obtained reliably from our data.

Therefore, the 3bCl,first order nuclear guadrupole splitiing between

¥ We have defined Ix as 1/2i [I+ - I7] rather than the conventional

/elt” + 17]. In our definition the Hamlltonian matrix is thus real
80 long as A, (Cl) and A (Cl) = 0. We could have reversed the molecular
x and y axes and used the standard convention but we chose to have the

- axis system for quinoline ’5)and 8- chloroqulnollne the same.
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<z 3/2]° ana<z /2 |¥, or < ¥ 3/2 |, and < Y 1/2 [i will be :
written in termq of‘ one parameter BSQ'
5 | Vs . E
P = faenePen) + 2/5)Y* (1)

The sign ofBSQ' ‘was empirically found to' be negative as would be expected |
from pr6v1ous ‘measurements of the chlorine quadrupole coupling constant

(11)

in groungl state molecules
In} ‘Ehe case 'of the nitrogen 'quacélrupole inferaétion ibt has been shown(S)
that in the approximation‘ AW(N), AZZ(N) = 0, e?qQ(th) and 1
cannot be obtai_ned separately; therefore, we will usév the measured
pé,rameter v with.the assumption that béth the nitrogen asjmmetry .para..meter,
1, and .eQCiQ(th) are positive. |
The principal result of/%/fm, ac,ting‘ as .a pertur'batiqn is that the
levels .< Z 3/2 Z li, <z3feY I;, <z1/27% I;,' and <z 1/2Y |
shift to a hlgher energy by an amount o ~ G (N)/(Z Y) and the levels
<Y 3/2 zl RS Y 3/2 ¥ | , <Y 1/2 z|*, and <Y 1/2Y | shift to
lower energies by an equal a.mount (cf., Fig. 3) Similérly, vthe result
of,#g is to mix the states in the Ty and TZ manifolds. The order of . :1
thé-plﬁs and minus sign,' < li, corresponds to the components of Kramers i
Pair which are not split in zero field. Ta‘ble 1T lis_t the states mixed
| imder.theée perturbati.ons. Because#fé mixes states involvir_lg two
“or mp‘re basis states in the same electron spin manifold, /7/% cannot be
_adequatel;f treated by first order perturbatidn t.h‘eory. Thereforé computer : B
diaﬁonalizatién of the'Ha’.mil’conian matrix was employed. It was found ’cha’c under thl

perturbatlon‘7]/ s the states shifted to a first approxmatlon by energies relate:i
. I
to multnplcs of g ~ [A (Cl)] /Z Y (cf Figure 3) . An analysis
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of the:problem reVegled tha? this appfoximation was good to within'0.3 Mz
over a reasonable'?ange of Axx(Cl) va1ues. We should stress that this

is only an approximation Bu% is empiriCally1+vefified. Since wé resolve
no‘splittings in the spectr; directly attfibutable to-7/§%, the B's are
employed to ureat;%/gé as a "pseudo” flrut order perturbation.

From an inspection of the states mixed byl; N and;f g% cf. Table II)

four types of transitions botween the electron spin manifolds can be

.classified using'the elecfron magnetic dipole'moment transiﬁion operator.

Théso cau be described as: (a) electron spln tran51tlons only, (b) simultaneous
electron aud nitrogen nuclear spin transitions, (c) simultaneous electron and
chlorine nuclear spin tfahsitions, and (d): simultaneous electron spin,

and nitrogen and chlorine nuclear spin transitions. Thebabproximate.

transition energies are given in Table I  in terms of the spin o

Hamiltonian parameters. It should be noted that with the approximaﬁion

Ayy’ AZZ(C}, N) = 0, the T manifold is not mixed with Ty or Tzs thus,

e _ , +
the basis functions ] X f v >  are not perturbed. . The prlmed states in

the tables and flgules correspond to the perturbed basis functlons

| Wlth the above approximation it is immediately apparent from Table I

~ that all parameters except Axx(Cl) can be obtained relatively easily and

to reasonable accuracy. For example, AXX(N) can be estimated from the energy -
between the . .
difference f\ transitions <Y 3/2 Xl' - < Z 3/2 XI' and the degenerate

Cpair <Y 3/2z|": < Y3/2Y] - <z 3/2 7|': <2z 3/2Y]" while

(lh

N)'oan'be obtained to a first apbroxiﬁatioh from the difference in

The use of empirical connotes the observation of the shifts resulting
in the computer dlagonlzatlon of the Hamiltonian matrlx over.a range

'1.of A (Cl) values
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the transition energies < Y 3/2 Z|' ><Z 3/2Y|' and

<y 3/ey]'-»<z3/2 Z[’. This region of the electron spin transitions

35

- TZ is shown in Figure 1 . In a similar fashion the “7Cl field

35

Ty .
gradient . parameter Q' . can be estimated from transitions assoclated with
either’thelﬁx »>T, or Ty - T, manifolds. For instance; the transitions
< X1/2.X|‘—><Z3/2 X|' and <X 3/2%X| ><21/2X]' or
<Y1/2fx|.'—'»<z3/é X|' and <Y 3/2X|' <'~z‘1/2 X|' may be used.

In fact all parameters except Axx(Cl) can be obtained from many different
comblnatlons of transitions [cf. Table I Table I11 llsts the values and
standard deviations obtalned by averaging many of the dlfferenu
coMblnatlons possible in Table I. The dlfflculty in obtaining an accurate

1measurement of Axx(Cl) is reflected in the large error a581gned to its

value.

It,5)

As 1n the cases of qulnollne 77 qulnoxallngu)and 2 3 dlchloroqulnoxallné3)

optlcally detected ENDOR is predlcted in 8- chloroqulnollne The 1nuen81ty
.of the ENDOR tran31tlons can be accounted for solely in terms of the

electron maﬂnetlc dlpole transition operato$ ) Thus, ENDOR.is. expected

between nuclear levels in only the Ty and 7, manifold since the Ty manifold

ie not mixed witﬁ other electron spin states within.our approximations.

Three dlfferent types of ENDOR are predlcted ‘and can be descrlbed as

(a) nltrogen nuclear spin transitions only, - (b) chlorine nuclear spin

trans;tlons cnly, and (c) simultaneous chlorine and»nitrogen'nuclear

spin'tranéitions{ In addition the ENDOR transitions'should be associated

_ vwith sﬁeciiic microwave transiticns betwcen the Ty'ﬁ T, OF T, T, manifolds.
VTable_iV'listsfhe observed ENDOthranSition and assigns them to the

» classification and the associaﬁed microwave transition. Indeed all three

types are.obﬂefved and cxcellcnt agreement'betwecn the fransition energies

and associated microwvave transitions is obtained. These data provide a
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6-chloroguinoline (69.256Mﬁz) and 7-chloroguinoline (69.362/Hz
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sénsiti&e_test of the uniqueness of the assignments 'made in Table_I
and the parameters used to obtain the transifion ehergies.

| Although we have dealt specifically with 35
' 37

Cl,we can explain and
assign't:ansitionsaSsociated with - 'Cl nuciear quadrupole and.nuclear
electfqn hyperfine interactions. The observed microwave trénsitions
and-assignments are listed in'Téble V along with the ENDOR'franéitions
for the ldw;frequency Ty“* T, microvave transitidns? Naturally the
intensityrof thése transitions ére a faqtor of three lower than the

35

C1 transition because of their relative isotopic

37

35

abundance.  Although the difference between the ~C1 and 7 Cl

nuclear guadrupole moment is clearly observedl the difference in the nuclear

magneﬁic moment cannot be observed since the splittings arising from -
thé chlorine hyperfine interaction is not sufficiently resolved.
o ‘ ' o 1/p ' .
The value of the chlorine coupling constant e gQ(35)[1 - (n)2/3] /2 . 68. LMH;
isiapproximately the same as that reported for:the ground state of '
(12,13)
) 0
indicatingvthat in‘the t, 7% triplet state the electron environmenﬁ of
the chlorine ﬁucleus is probably not changed significantly from that of

the gfpﬁhdvstate.

\

We have observed in 2,3-dichloroquinoxaline both the microvave transitions

resulting from simultaneous electron spin and chlorine nuclear spin transitions -

and simultaneous electron spin and two chlorine nuclear spin transitions

appearing as satellites split ~ 35 MHz anl ~ 70 MHz_fespectivelyjfrom the

allowed electron spin transitions in both the 2|E| and D+|E] multiplets. In
additioh_wé,have observed the‘3scl and-37Cl ENDOR. The.chlorine interactions
in this molecule night expiain the intensity'éeen in.tranSitions?Iand'7 and

1L

the small splitting observed in the = N ENDOR (Reference 3). - This is currenﬁly

being;iﬁvestigated.‘
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vAlthQﬁgh our analysis of the observed spectra accounts for the major

features of the data there'are_several ninor discrepancies which cannot
"be understood within our approximastions. .First, it appears that we
must consider finite A (W), A (W), A (Cl) and A (C1l) values to

' yy 77 Yy 2% }
fit all transitions energies more accurately and to account for the
lines wi@tﬁs. Secondly, at maximum power (cf. Figure 1(f)) six

paiis of satellites appear in the T, multiplet centered at ~ 3.339,
3.367, 3.373, 3.398, 3.LO4 and 3.U431 GHz. These satellites may be due

to;3C or“lH interactions.or alternatively guest-host interactions. The
‘possibilities should be distinguishable by isotope substitution and/or

small Zeeman perturbations.
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Table I.

Energies and Assignments of Observed_Frequénéies Involvingv

35

Electron, th, and ~“Cl Transitions.

Observed Relativef

z-y+(Q'/2)+v_+2u+hp

cps E3 . os
Transltlon " Energy Freguency Intensity ClaSS}il—
(Miz) cation
<Y 3/2 X'~ <z 3/2 X|' z-v+2p S a
L v 859.3 1.9 .
<Y 1/2 X|'> <@ 1/2 X|' Z-Y+6p : a
<Y 3/2 2|'~> <2 3/2 Z|' Z-Y+2ai2p , | a
<Y 3/2 Y|'» <z 3/2 Y|' Z-Y+2a+2p R e
Vo : - 860.1 2.7
<Y 1/2 z|'- <z 1/2 Z|' Z-Y+2u45p . ' 8
<Y 1/2 Y| <2 1/2 Y|' 2-Y+2045p : B a
<Y 3/2 Z|'- < 3/2 Y|' Z-Y-v_420t28 R b
- o S 857.3 1.6 A
<X 1/2 z|'»> <2 1/2 Y| 2-Y-v_+ewtlp ) b
<Y 3/2 Y|*> <2 3/2 z|" z-y+v;+2a+es' . : : ﬁ
o o ' : 863.8 1.3
<Y 1/2:Y|'> <2 1/2 2| Z-Ytv_+20r6p : . b
<Y 3/2 X|'~> <Z 1/2 x|t z-y-(Q'/2) +up o c
<Y 3/2 Y|'> <z 1/2 Y|' Z-Y-(Q'/2)+2a+38 | 826.2 2 c
<Y 3/2 2)'> <z 1/2 Z]' 2-¥-(Q'/2)+2uthp ¢
< 1/2 X|'> <@ 3/2 x| ‘Z-Y+(Q'/2)+hs_f . | c
<Y 1/2 z{f4’<z 3/2 z| Z-Y+(Q'/2)+2a+3p 1 895.0 ~1.8 c
<Y 1/2 Y|'»> <z 3/2 ¥|' 2-v+(Q'/2)+2athp - ¢
< 3/2 2] < 1/2 Y|t 2-¥-(Q'/2)-v_teat3p 8228 1.9 a
<Y 3/2 Y|'»> <z 1/2 Z]|' Z-Y-(Q'/2)+v_+2atlhp  829.2 1.7 a
<Y 1/2 7|'» <z 3/2 Y|" z-y+(Q'/2)_v_;2@+3B | 891.6 1.8 a
<y if2 y|'»> <@ 3/2 Z|" 898.1 1.5 a
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Table I. (continued)

o e . Observed ,Relativef' Classifi-
Transition . Energy :

Frequency Intensity cation
(1z) : '
X 3/2x| » <z 3/2x|" z-x By a
X 3/ 7| > <z'3/2 Z2|' Z-Xtarp | : _ _ &
X 3/2 Y| » <2 3/2 ¥|' Z-Xtetp R . a-
\ _ | . » 338L4.7 2.8 -
<X 1/2X| » <€ 1/e X|' 2-X+3p T
X 1/2 7| » <z 1/2 2| Z-Xrar3p o | | 8
X 1/2 Y| » < 1/2 Y|' Z-Xta+2B R - | a
<X 3/2 7| » <@ 3/2 Y| Z-X-v_taiB ' , b
' : 3381.9 2
<X 1/2 7] > <2 /2 Y|' Z-X-v_totlp - _ b
<X 3/2 Y| ->.<Z 3/2 zl" Z-X+V_+ai B , o b
o 4 v 3388.7 1.0
X 1/2 Y| > <@ 1/2 2} Z2-Xt+v_+a+3p : b
<X e X| -»<z3/2x|" z-x+(Q'/2)+p N : e
<X 1/2 z] -;.<z"3/e.z[' 7-X+(Q'/2)+a+p - Y 3h19.5 2.1 e
X 1/2 Y| <z 3/2 Y| z-_x+(g*/2)+a{ra- o ' - c
X 3/2%| > <w1/2K|" z-X-(Q'/2)+3p SR c
X 3/2 Z| » <@ 1/2 7| Z-X-(Q'/2)+a+3p 3350.8 2.8 c
<X 3/2 ¥Y|'» <@ 1/2 Y|' z-X-(Q'/2)+a+ep , e
<X /2 Y| » <z 3/2 z|' z-X+(Q'/2)+vosasp  3k22.7 .8 a
<X 1/2 z] » <z 3/2 ¥|' 2-%X+(Q'/2)-v_+arp  3416.5 1.6 a
X 3/2 Y| <z 1/2 z]| Z—X—_(Q'/Q)}v_+cn+3{3 - 339k.3 1.2 4

<X 3/2 z| > < 1/2_Y| t zfxv-'(Q"_/e)_v_maﬁep' -~ 3348.1 2.1 d.
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‘Table I. (continued)

Fyo= 3 - wa/e ;s e = CaaPaa - /YR,
T Relative within the same classification only.

& Electron spin transition.

p Simultaneogs electron and nitrogen spin trahsiﬁion.

F Simultaneous-electron and chlorine spin transition.

s . . : . . ‘s
Simultaneous electron, nitrogen, and chlorine spin transition.

o

4
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Table II.

Basis States Mixed By A (N) and A’ (c1)

@ Akx(N) |
{< z3/2 z|*,
(< z e |,
i< z 12z},
< 7 1/2 Yli,?
AXX(Cl‘) |

i<z 3/2x]5,

: {< z 32 z|*,

BT

<

<

<

<

1+

Y 3/2 Y|

4.

1

f
Y 3/2 z)*}
Y /2 ¥|* }
Y 1/2 2| -}

+

+

22;1/2 xf, < Y]/2 X%, é_y 32 x|t

z /2 )%, < z3ev]t, < zyez’

%

}_

Yi/ezl*, < yyey|t, < v3ezlt

i . .
< i indicate Kramers Pairs




-16- : | UCRL-19192

Table IIT

Spin Hamiltonian Values for 8-Chloroquinoline

Paraméter Value . Standard Deviation Number of Combinations i
| (MHz) (MHz)  used from Table I;IV
X ~1970.0% '+ 0.5 7 |
Y 555.5° 0.5 A
7. 1k, 52 + 0.5 7
Aﬁ(.N): 19.5 : 1.0° 3
‘-A,yy(l‘_v)" Db - -
AZZ(N), b - -
Axx(c'-l) 15 -10, +15 12
Ay_y(Cl) »b"' N - | | -
A, (c2) b T o - |
v.(N) 3.2 x 0.2 - . | ' 20 é
'é"(3501)_ ~68.4 £0.6 a7
Obtained from the D * E and 2E convention suéh tﬁat x+y+ z2=0:

Data does not provide reliable values.

X
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- Table 1V 1
Energies and Assignments of lyN:ahd'35Cl ENDOR
ENDOR! Transition porouave ENDOR® Observed  povative Classifi-
ransition Ener : ENDOR Intensit cation
Saturated &y .. Frequency y \
(MHz) -~ (vHz)
<z 3/2 Y| ' <Z 3/2 z|! v a
<z 1/2 Y|'» <z 1/e z|" v. + B a
<Y 3/2 Y| <Y 3/2 2] * - Ve a
: }'857-3 - 3.2 - 10
<Y 1/2'¥|'-> <Y 1/2 z]", _ v_+ P ' a
1/2 X|'» <z 3/2 X|* (Q'/e)-28 b
1/2 z]'> <z 3/2 2|t (Q'/2)-2p b
/2 ¥|'> <z 3/2 Y| (Q'/2)-p b
1/2 X|'> <¥ 3/2 X|' 826.2 | .(Q"'/e)ieg 33.5 11 b
1/2 7]'> <¥ 3/2 7|" 822.8 (ar/2)+p 33.9 2 b
1/2 Y].’—» <Y 3/2 Y|' 829.2;826.2 (Q'/2)+2p . '333._5 2:11 b
1/2 z|'» <z 3/2 Y'[‘ (Q'/2)-v.-28 c
1/2 Y|'s <z 3/2 Z|" (@'/2)-v_-p ¢
1/2 7| <¥ 3/2 Y|' 829.2;826.2 (Q'/2)-v+p  31.5 2;2 c
1/2 Y|'> <Y 3/2 Z[' 822.8;006.2 37.5 732 ¢
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Table IV (continued)

¥ We do not sée ENDOR while‘saturating‘microwave transition in the T T
multiplet} Sihqe ENDOR is not predicted in the Tx‘manifold and preswazbly
some reldxaﬁion mechanism interferes in the T manifold, the
6bsefved ENDOR ié assigned tq the Ty manifola.

+

v = 320" (@ - 3/ @ = faa(Pen (- W3R

a th nucléar spin transition.

b 35

Cl nuclear spin transition.

35

Simultaneous th and ~“Cl nuclear spin transition.

(=
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Table Va.

UCRL-19192

. Energies and Assignments of Observed Frequehéies Involving

Electron, th’ and

37

Ccl T?dnsitions.

— gy’ el et olin
' . (vHZ) -
<y 3/2 X|'» <z 1/ X|' z-Y-(Q'/2)+kp a
<y 3/2 ¥|'» <z 1/2 ¥|! z-y-(Q"/2)+2c,+-3g 833.0 1.5 8
<y 3/2 zl ' <z 1/2 7] 'Z-Y—(Q'/2)+2c,+1LB. a
<y 1/2X|' <z 3/2 Xl' - 2-Y+(Q'/2)+hp a
< 1/2 z]'> < 3/2 7] ' Z7Y+(Q'/2)+2a,+35 88'7.9_ 1.3 a
<Y 1/2 Y|+<z 3/2 Yl"' Z-Y+(Q'/2)+20+Lp | a
<t 3/2 z]'><z 1o Y| 2-¥-(Q'/2)-v.+2a+3p  829.2 1.7 b
<Y 3/2 Y| < 1/2 z]" .z-i-(Q'/e_)+v;+2a+uB | 835.'9 1.1 b
<YYJ/2'Z!._'-+ <z 3/2 Y|" Z-Y-}(Ctl'/E)-—v_;FE’a+3B _ 881;.._1‘ 1.9 b
< 1/2 Y| <z 3/2 z| z-Y%(Qr/2)+v_+2a+l+;3 | 891.6. 1.5 b
<X 1/2 x| -»‘<.z  3/2 x|t z-x+(Q"/2).+Bv' a
<X 1/2 z| » <z 3/2 z]" Z;-X+(Q,'/2_)+<1+B; 3412.0 1.9 -a'
« /2 Y| » <z 3/2 Y| 2-X+(Q'/2)+a+p . | - a
X 3/2 x| »'<2 1/e x[? z-X-(Q'/2)+3p g
X 3/2 z| » < /2 z| z-xQ(’Q'/e)m+-3s 3358.0 2.1 |
< 3/2 Y| - < 12 Y‘I v Z-—X-.‘(Q.,'/ 2)+a+2pB a
<X 1fe Y‘l - <z._»»3'/2.z|' Z-X+(Q/2)+votatp 31;16.5 1.2 b
X /2 z]| - <z 3/2 Y| Z-x+_(Q'/2)-{»_+afB'. 3&09.2 8 kR
<X 3/é Y[ - <z 1/2 2| 3 Z-X~'(Q'/2)+'J_+afjﬁ ' ‘-73'361.5 ".8V | b
<x 3/2 z| -> < Y| Z-X-(Q'/2)-v_tot2B | 3352;.3 : 1.2 | b

s,
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Table Vb.

Energies and Assignments of Observed Frequencies Involving

Electron, ;uN, and 37Cl Transitions.
ENDOR Transition gi;z:;’z‘l’in ENDOR Obg;g‘égd Re}atix_z; Classifi-
Saturated Energy . Frequency Intensity cation
(MHz) - (Mz)
<Y1/2X|'»<Y 3/2x%|" 833.0 (Q'/2)+2p 26.8 o c
<Y 1l/e z]'»< f3/2 Y| 835.9 (Q'/z)-'v_+s 2k.0 ,i d
<Y1/2 ¥Y|'3<yY 3/22z|" 829.2 (Q‘/2)+v--2B 31.5 1 a
* e = efaaTen - 12925 v = 3 - w/3)
t ﬁelative within tﬁe»same classification only.
a Simultaneous electron spin and 3701 nuclear spin transition.
b Simultaneoﬁs electron spin, th,'and 37Cl nuclear spiﬁ transitions.
¢ 3701 nuclear spin transition. |
d Simultaneous 37Cl and th huclear spin transition.

‘o

A
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission: '

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report. _

As used in the above, ''person acting on behalf of the Commission”
includes any émployee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.




Lg =

TECHNICAL INFORMATION DIVISION
LAWRENCE RADIATION LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720



