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Magnetic Circular Dichroism of the CH Radical in an Argon Matrix
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Magnetic circular dichroism (MCD) and absorption spectra are reported for the CH (methylidyne or methyr
free radical isolated in an Ar matrix (CH/Ar) over the temperature range 1540 K and the magnetic-field
range G-4 T. Data for the A’A — X 21, B 2~ — X 2[1, and C2=Z* — X 2II band systems indicate a
substantial quenching of the orbital angular momentum of the CH ground-state term. This is interpreted
being a consequence of crystal-field interactions involving atoms of the host lattice. Analysis of the zerc
moments of the spectra yields an empirical spinbit coupling constanAg = 21 + 1 cnm! and orbital
reduction factowx = 0.26+ 0.03, corresponding to a crystal-field splitting\sf = 78 & 14 cni? for the X
’[1term. For the AA excited-state term, the first MCD moments gi&e= 54 1 cn?, and an upper limit

of Vx < 15 cnilis estimated from the dispersion of the MCD.

I. Introduction momentum, which is quantified by moment analysis within the
framework of a SG-CF model. The A2A excited-state term

is also found to be subject to SO and CF effects involving
interactions with Ar atoms of the host medium.

This paper is the second in a series reporting the magnetic
circular dichroism (MCD) and absorption spectra of free-radical
monohydrides of the first-row elements isolated in Ar matrices
(XH/Ar). In the first of the series we reported the spectra of || Experimental Section
OH/Ar! and provided a spinorbit and crystal-field (S©CF) )
model that explained the observed reduction of orbital angular MCD (AA) and double-beam absorptioA)(spectra were
momentum in terms of gueshost interactions. In this paper, ~Measured simultaneously using a spectrometer described previ
we report temperature- and magnetic-field-dependent spectra0Usly** AAis the difference between the absorbance of left
for the CH (methylidyne or methyne) radical trapped in Ar (CH/ (A+) and right &) circularly polarized light by a sample in
An and show that they can be interpreted within a similar the presence of a longitudinal magnetic field (with inductance
theoretical framework. B), while A is the corresponding averade;

The spectra of gas-phase CH are well understéadd have

allowed the identification of the free radical in organic flathes AA=A, —A 1)
and in a variety of extraterrestrial environments, including the _
interstellar mediun§, cometary outflows$, and stard:# In A=A, +A)2 2

contrast, there is a relative dearth of information concerning
CH in condensed phases, such as rare-gas matrices. The firsPreliminary experiments were conducted using a closed-cycle
to conduct such studies were Robinson and McCasgho He refrigerator (APD Cryogenics) and electromaé&in order
reported absorption spectra for the?A, B 23, and CZ=+ — to determine optimum deposition and annealing conditions. Al
X 21T transitions of CH/Ar and CD/Ar formed by UV photolysis ~ data reported below were obtained in later runs using an Oxford
of diazomethane or its deuteriated analogues. Since then,Instruments SM4 cryo-magnet and matrix injection systéfm?
Keyser has measured the absorption and emission spectra ofvhich permits more accurate and precise control of the magnetic
the A2A, B 25, and CZ=* systems of CH/AR while Milligan field and sample temperature.
and Jacox have reported the vibrational IR spectrum of both Matrices were prepared from ultrahigh-purity methane and
isotopomerg? Ar, mixed in a 1:100 mole ratio to a final pressure-ef atm.
There has been only one prior study of the MCD of CH/Ar, The mixture was allowed to flow throbga 9 mm(i.d.) quartz
conducted by Rost and limited to the A2A — X 2I1 and B tube at a rate of~5 mmol h%, while being subjected to Ar-
23— — X 2[I transitions. She concluded from the MCD resonance radiation produced by a Tesla-coil discharge. The
temperature dependence that the orbital angular momentum ofProducts were deposited onto a cryogenically coateclit
the CH ground-state term is totally quenched in Ar. sapphire sample window heldatl5 K. Deposition times were

In this paper, MCD and absorption spectra are reported for ~15 min. Annealing resulted in slightly sharper bands, but did
the A2A — X 1. B - — X 2[1. and C2+ — X 21 not significantly change the structure in the spectra and had

the detrimental effects of reducing the CH concentration and
clouding the matrices. For the data reported below, the matrices
were not annealed.

Spectra of the KA and CZ=* systems were obtained using
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transitions of CH/Ar at temperatures between 1.4 and 15.9 K
and at magnetic fields up to 4 T. The results are interpreted in
terms of a partial quenching of the ground-state orbital angular
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Figure 1. Absorption spectrum (bottom) and temperature dependence Figure 3. Absorption spectrum (bottom) and temperature dependence

of the MCD (top;B = 1 T) for the A2A < X 2I1 transition of CH/Ar. of the MCD (top;B = 1 T) for the C?=* <— X 21 transition of CH/Ar.

Absorption bands are labeled for cross referencing with Table 1. Absorption bands are labeled for cross referencing with Table 1. Spectra
have been corrected to compensate for OH contamination (see text).
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Figure 2. Absorption spectrum (bottom) and temperature dependence E / cni'
of the MCD (top;B = 1 T) for the B2=~ < X 2I1 transition of CH/Ar. Figure 4. MCD magnetic-field dependenc8 & 1—-4 T) for the A
Absorption bands are labeled for cross referencing with Table 1. 2A < X 211 transition of CH/Ar.
l1l. Results A/nm
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Absorption spectra and the temperature dependence of the T ' ! ' ' 1o
MCD (B = 1 T) for the A2A, B 2=, and CZ=" systems of T - 468 K AA
CHI/Ar are presented in Figures—B. Representative MCD T no®
magnetic-field dependence data are shown in Figures. 4 -5

In the matrix injection experiments a problem was encoun-
tered with OH contamination, which resulted in partial overlap T=173K
of the C2=* < X 2IT transition of CH/Ar with the A2Z+ — X
11 transition of OH/Ar. In an attempt to recover useful
information from these spectra, the contributions from the OH CH/Ar
impurity were digitally removed using comparisons with earlier B2 <X 20
data for OH/Ar spectfeand CH/Ar data obtained using the He- MCD
refrigerator/electromagnet system (which were free from sig-

| i | |

nificant contamination). Consequently, the data to the blue of
~314 nm in Figures 3 and 6 have been replaced by smooth
curves, and analysis of theZ&* — X 2[1 transition is subject

to a greater level of uncertainty than those for the other
transitions.

The absorption spectra are similar to, but of much higher been assigned to overtones in librational and/or local-phonon
quality (especially with regard to signal-to-noise ratio) than, modes!®1213 Both the A?A and C2=" systems also show weak
those reported by Keysérand Rosé? The positions of the shoulders (A and G, respectively) slightly to the red of the
individual bands are summarized in Table 1, where they are main origin bands, which are probably due to minor amounts
compared with previously reported vali€42 Each band of a secondary sit€ The absorption spectra are only weakly
system comprises a relatively sharp origin,(8,, and G of temperature dependent, with the origin bands becoming slightly
Table 1) and a tail of broader bands to the blue, which have broader as the temperature is increased.

25500 25600 25700 25800 25900 26000 26100
E /et

Figure 5. MCD magnetic-field dependenc® & 1—4 T) for the B
23~ — X 211 transition of CH/Ar.
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Figure 6. MCD magnetic-field dependenc® & 1—4 T) for the C
23+ < X ?IT transition of CH/Ar. Data have been corrected for OH/Ar
contamination (see text).

TABLE 1: Bands in the A 2A, B 2X—, and C 2+ — X 21
Systems of CH/Ar

band energy/cmt

band Keyset® Rosé? this work®

A2A— X1

Aq 23183 23215<19)

A, 2317G6 23200 23234 (0)

As 23217 23243 23271 (37)

As ~23 388 (154)

As ~23 501 (267)
B2Z — X1

B1 25 496 25485 25507 (0)

B, 25510 25 544 (37)

B3 25572 25549 25587 (80)

B 25585 25622 (115)
CZZr— XAl

C 31670 31706¢33)

C 31710 31739 (0)

Cs 31738 31780 (41)

2Band labeling is for cross reference with Figures3L® Values in
parentheses indicate shifts (in th from the principal origin band.
¢ Interpolated from figures in the relevant references.

The MCD spectra of the AA and B2Z~ systems are in
accord with those reported by Ro%ewhile the spectrum for
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Figure 7. Temperature dependence of the moment ritiggA, as a
function of 1kT for CH/Ar A2A, B%Z~,and C="— X AT (B=1

T). Lines are fits to the data obtained using eq 35 with the parameters
in Table 4.
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Figure 8. Field dependence of the moment raltfe/A, as a function

of ugB for CH/Ar A 2A, B 22~, and C2Z" < X 2[1. The curves are
best fits to the data obtained using egs 33 and 34 with the parameters
in Table 4.

essentially linear for all three band systems. This type of

the C2=+ — X 2IT transition has not been reported previously. behavior is a characteristic of MCD terms in the so-called

The MCD of the B2~ and CZ=* systems is single signed and

linear limit,'* whereugB << KT (ug = 0.467 cnt! T 1is the

negative at all of the investigated temperatures. In contrast, Bohr magneton). In addition, the ordinate intercepts are
that for the A2A system is positive at low temperatures and nonzero, which indicates the presencdferms. Notably, in
becomes two-signed at higher temperatures. All of the transi- each case the intercept is of the opposite sign to the slope, with
tions exhibit MCD with a reciprocal temperature dependence M/Ao passing through zero at a temperature~d6 K. In
(Figures 1-3) and nonlinear magnetic-field dependence (Figures Figure 8, plots are given for the same moment ratio against

4—6) characteristic o€ terms!* To quantify these behaviors,
dimensionless zeroth moments|y and Ay for MCD and
absorption, respectively, are defined;

A= 25 g ®
M, = %(E)dE (4)

whereE is the photon energy.
Figures 7 shows that (f@ = 1 T) the dependence M /Ao
on 1KkT (k = 0.695 cnt! K™ is Boltzmann's constant) is

ugB, at various temperatures between 4.7 and 1.4 K. At the
higher temperatures, the plots deviate only slightly from
linearity, but at lower temperatures the deviations are more
marked, withM /Ao tending toward an asymptotic limit at high
values ofugB. The latter effect is referred to as magnetization
saturation and is also characteristic®terms!*

It is clear from Figures 48 that MCD spectra of the B=~
and CZ=+ systems are qualitatively similar, with regard to their
dispersions, negative signs, and temperature and field depend
encies. On the other hand, the?A system has MCD of the
opposite sign and at higher temperatures or magnetic fields
shows a two-signed MCD, which is normally associated with
A terms!4
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E 25 5, follows for CH/Ar is similar to that presented previously for
OH/Ar ! but with some significant differences. First, thelX
term of CH is a regular SO system, whereas the equivalent for
s Fip OH is inverted. Second, the magnitude of the ground-state SO
coupling is substantially weaker in CH. Third, for CH/Ar there
are three (rather than one) transitions to be considered. And
fourth, the orbitally degenerate 24 excited-state term is also
susceptible to SO and CF effects.
The orbitally degenerate 31 and A2A terms are susceptible
to CF splittings, which in the following are denot&g and
V4, respectively. In each case, the active CF component must
transform as part of the symmetric square of the orbital irrep.

Asp

3 2
Jolm Hence Vp andV, arise from CFs of different symmetryI{f]
s PIT, +) D A and A9 o T), and their magnitudes may be quite different.
I, Ig;uBB SinceM andAg are invariant to unitary transformations of the
Lo, My, T PIL, =) excited-state bases (and therefore independent of excited-stat:
30 In i IA” A=A T+ V2 CF splittings), discussion initially centers on the2K term.
My l I+ The overall SG-CF splitting for this term (Figure 9), obtained
o ¢§.,'un;3 by solution of the appropriate 2 2 secular equation, is
- Il -
configurations terms  spin-orbit  crystal Zeeman effect — 2 2\1/2
coupling field AH (AH + VH ) (6)

Figure 9. Energy-level diagram for CH/Ar (not to scale), showing
the effects of spirorbit, crystal-field, and Zeeman interactions on the
X 21, A 2A, B 227, and CZ&=* terms.

The corresponding eigenfunctions are

°TL, +1/20= FBIL,, FL20H afTl,, +3/20  (7)
IV. Discussion

The A2A, B 22~ and C25t — X 21 transitions of CH M1 +£1/20= of Tl FU20H BTl +3/20 (8)
formally arise from the excitationd3172 — 30217, The X
2[T ground-state term is split by first-order spiorbit (SO) where, in the left-hand setd1; and?[1- designate the upper
interactions (Figure 9) into levels quantized@ythe projection ~ and lower SG-CF levels, respectively, antt1/2 denotes the
of the total electronic angular momentum along the internuclear value of the spin quantum numbersMThe mixing coefficients
(2) axis. The SO states are designaffido Mol] whereQ = o andp, and relationships between them, are
1/2, 3/2 and My = +Q. The corresponding SO energies are
a = VeV’ + Ay — Ap))*? ©)
EsdTlg) = AA(Q — A) ®)
— 2 2\1/2
where A (=1 for a Il state) is the projection of the orbital A= Bn = An/Vi" + (An =~ An)) (10)
angular momentum along the internuclea) éxis, andAn

(=31.8 cnt! in the gas phadé is an empirical SO coupling a?+pi=1 (11)
constant for the XIT term. The A%A, B 23", and C2=* terms

He o p
do not exhibit first-order SO splitting, although the’A term o2 — ﬂz = A /Ay =k (12)

is susceptible to higher order effects (vide infra).
C-term behavior in the MCD indicates the presence of states
within the ground-state manifold that are both degenerate and

susceptible to Zeeman splittingC terms result from differences . .
; : The CF acts to redistribute the orbital angular momentum of
between the thermal populations of Zeeman steje©n this X
bop 9 the SO states. The relevant matrix elements féllaerm are

basis, any prospect of explaining the MCD of CH/Ar purely in . X
terms of Zeeman perturbations of the SO states can be rejectedl,'SteoI in Table 2 of ref 1, but thg values are now

as follows. First, the’Ily, level shows no Zeeman splitting " 5

(within the limit g ~ 2), because the spin and orbital 9 = 2000, +1/2)L, + g ST, +U2L=g £ 2c  (14)

contributions to the magnetic moment cancel; consequetly,

terms cannot be associated with transitions originating from the 0y = 2000, +1/2L, + 9SS T, —1/20=gg  (15)

lower SO level. Second, although transitions from #hk,

level give C terms, they are of theppositesign to those where the components of the angular momentum operéators

observed in Figures-16.13 And third, at the temperatures at andS refer to the moleculan y, z) reference framex is the

which these experiments were conducted, the Boltzmann orbital reduction factor and can take values betweell =€

population of theéITs; level would suggest weak terms whose 0) and 0 ¥; >> Ap). Note that because the3XI term of CH

magnitudedecreasess the temperature in decreased. is regular, the sign of the term in eq 14 is opposite to that for
Incorporation of the radical into a matrix can lead to OH/Ar,! and the equations for thg* values are reversed.

modifications of the SO states due to crystal-field (CF) Consequentlyg,~ = 0 whenx = 1 andincreasesoward the

interactions with the host atoms. It has been demonstratedspin-only value ax decreases to zero.

previously, for TiO/A%8 and OH/Ar! that such modifications Expressions can now be derived for the MCD and absorbance

can profoundly effect the MCD, principally through partial associated with transitions originating from the?K states.

guenching of the orbital angular momentum. The treatment that We start by considering the zeroth momefigsandM  defined

208 = VylAy =7 (13)
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by egs 3 and 4. In the conventional theoretical formalism for  After transforming to a molecule-fixed reference frame (eqs

MCD, Mg contains contributions fronB8 andC termsi4 24 and 25 of ref 1), the contributions # and Cy from a

component transition to excited statewithin the J manifold
My=B,+ C, (16) are
Co is a function of the populations of the states from which the
by - : y(1+ cog 0)

transitions originate and is therefore dependent on the ZeemanAH(‘w_ZH 1) = zp (£)(IDAIm |2H j:El]z

shifts of these statesBy is a consequence of magnetic-field- 0 7 4 i e

induced mixing of states and does not depend directly on the + |Dl|m,1|2H0j:H]2) (25)

Zeeman shifts. In the followingCo is considered first, along
with Ag. Bo is then treated by application of nondegenerate ~o,,. 2 _ 2 _
perturbation theory. Expressions are initially derived for CoA—T4) =y cosGZPa(i)(|D/1|mﬂ| HoiDJZ
molecules with a fixed, arbitrary orientation and then extended
appropriately for the case of a randomly oriented ensemble.

For OH/Ar, theoretical expressions for the MCD were derived
assuming that only the lowest S@F level carries a significant ~ where common factors, including refractive index corrections
Boltzmann populatiod. However, for CH/Ar, the gas-phase and the concentration and path length of the sample, are
SO splitting is substantially smaller and could be further reduced collected in the coefficieng.
by matrix effects. It is therefore prudent to consider, at least

initially, that the upper level may be populated. (In fact, as A,° r;nd Mo Sre mvar:ant to u;\lta}ry trar:sfprmatlons gf the
will be shown later, thél 1, level is not significantly populated excited-state bast(as long as the integrals in eqs 3 and 4 are

at the temperatures used in these experiments, since an)_parrled over all component transitions); hence there is flexibility

reduction in the SO splitting is more than compensated for by N the choice of theJillof eqs 25 and 26. In fact it is most
a larger CF splitting.) efficient to use SO basis states, ignoring (for the moment) the

possibility of CF effects in the &A term. If all transitions are
taken to arise from the @31n? — 3021xn! excitation, the
corresponding transition moments can be related to one another
the results are summarized in Table 2, whigtés the reduced
one-electron transition moment for the excitation <4 3o,

|QAIm_y°T1,£00F) (26)

Consider a molecule whose internuclear axis is oriented at
anglef with respect to the magnetic field direction. For the X
[T SO-CF levels, the first-order Zeeman states and corre-
sponding shifts are

I’[1 +0= a_|’IT_ +1/20H b |’IT_ F1/20 17
(o2 aﬂ o o o

M = [Lz||m||300 27)
Eg(°I1,+) = +0jugBI2 (18)

Using these integrals and summing over all component transi-
whereo = + labels the SGCF level and the+' and ‘—' on tions,Ag andCy for the different band systems are found to be
the left-hand side indicate the raised and lowered Zeeman statesrelated by factor&a(J) andZu(J), respectively, which are given
respectively. The coefficients, andb, satisfy the relations in Table 3. The results are

la,1” = (g sinO)/(2g5(g5 — g," cosd))  (19) o e ZaQ) 71+ co O)IM]?
AYI—TI) = - (28)
la,I> + Ib,)* =1 (20) . .
’ 0 2 Zy(Qd)yk cod 0|M|2|lg\| |9 ugB
Co(3—11) = o —sin KT | %
la,” = Ib,I* = g,” coso/g; (22) X lo,

Oy Ug

.
~ 9 i 9 2B oo
whereg,“ is given by eq 14, and expn/2KT) ga+5'm’( KT )exp( AH/ZKT)I (29)

"= ((g,” cos)? + (g, sin H)*)*? 22
9 =9, )+ (G sino)) (22) In eq 29, the first and second terms in the square brackets give

o ) the C-term contributions of transitions originating from the lower

The net_ SO-CF splitting isAp, so the fractional Boltzmann (I1-) and upperal1;) SO-CF levels, respectively. Note that
populations are a finite Co requiresk > 0, so the experimental observation of
a temperature-dependeM, certifies that the ground-state

1 Oy uB orbital angular momentum of CH is not completely quenched
P.(H)= aex Tk T expAy,/2kT) (23) by the Ar matrix.

" B-term contributions to the MCD are now determined by
P.(4) = le F(#3(9#;;;8)6)@ (A /2KT) (24) cgngidering magnetic-ﬂeld-induced mixing of the SQF states
Q 2kT within the X 2IT manifold. Following standard first-order

nondegenerate perturbation theory, and transforming to the

whereQ is the partition function. molecular reference frame, the corrections to the wave functions
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TABLE 2: Transition Moments for the A 2A, B 2X~, C X+ TABLE 3: Absorption and MCD Moment Coefficients for J
~— X 211, Transitions of CH/Ar2 ~— X 211 Transitions of CH/Ar

myq |2H— -0 |2H— +0 |2H+ -0 \2H+ +0 excited term .Q) ZA(J) ZM(J) Z(J) = ZM(J)/ZA(J)
[@Az2—3/2 O 0 0 0 A2A 1.0 1.0 1
BA323/2l  —a aM/V2 ~boM V2 —afMIV2 —bifM /2 B2x- 15 -15 -1
BAs;z —5/2] 0 0 0 0 c=t 0.5 -0.5 -1

BAs25/20  —p pM/v2 a pMIVZ  —biaM V2 ajaM /2

B212 =12 /3a M2 v/3b. M2 —~/3a.oM /2 —/3bsaM /2 ; Lo - -
_ g - Despite the qualitative compatibility of theory and experiment,
B512121 /3h aM /2 —+/3a-aM 12 —/30:BM 12 </3a:fM /2 P d P vy Y p

251 —1/2) 2 M /2 b_pM /2 —aaM /2 ~boM /2 there is one S|gn|f|car_1t quant|t:_;1t|ve inconsistency. The experi-
@5t1,12 —b.aM/2 a.aM/2 bifM /2 —a, M /2 mentalA, values are in the ratio AA:B 22—:C 22+ = 1:0.68:

~1, which (given the problems with OH contamination in the
vicinity of the C2Z+ system) is in reasonable accord with gas-
(A3 —3/2 _ _ .

32 | b_aM/vV2 —a.aM/v?2 ob+ﬁM N2 %+ﬂM W2 phase values (converted from oscillator strengths) of 1:0.69:

m-, Pri- -0 Aa-+0  Pe-0 0 AL +0

BAs23/20 0 0 10 : . .
BAs 512 _a AM /N3 —b_ M I/ MIN3  biaM V3 1.7 On the other hand, the predicted ratios, assuming a
[(As2 5/2) oa M2 0 M2 %+a V2 0+0L V2 common (& — 30) excitation, are 1:1.5:0.5 (Table 3). This
B212 =112 /3a oM /2 v/3b_aM 2 3a M2 ~/30:M /2 discrepancy may signify a substantial degree of excited-state
B212120 /30 M2 —/3a M 12 —/3b oM /2 —/3a.aM /2 configuration interaction. For the purposes the current work,
92:1/2—1/2\ —a-aM/2 —b.aM/2 —a.fM/2  —bfM /2 the problem can be circumvented by taking the ratios of the
EZhpl/2 bpMI2 —apMi2 boM/2 —aaM /2 MCD and absorption moments. The utility of this procedure
aM is defined in eq 27. ensues from the fact that the corresponding coefficient ratios,
Z(J) = Za(J)/Zu(J) (Table 3), are determined entirely by the
are symmetries of the excited states and are independent of
configurational parentage. Moreover, it confers the advantage
5 ugB . 5 of cancelling the factop. Taking the appropriate ratios, and
T £0=— 5 —{(a.gy cosd + 2b_ « sin 0)|T1, +1/20] at the same time averaging ow@rgives
11
+ (b_ g, cos® — 2a_ « sin 0)|°I1, F1/2] (30) ,
Co(3—T1I) - 1cos 6
, usB o ————=3Z(J)|g,” exp@/2KT) [[==— x
I°TL, £0=+ 57—(a, g, cost — 2b, « sin6) T +1/20 A(F—TI) Qgy
11 —
. . [9 ugB 1co€ 6
+ (b, gy cosb + 2a, « sin 0)’I1_F1/2] (31) sm?‘( KT ) d cosf — g“Jr exp(—AHIZkDL ng X
The corresponding first-order corrections to the transition in ge+//‘BB d ol (33
moments yield théB-term contributions to the MCD; S 2kT cosf| (33)
01207y — By(J—11 3ugBZ(J cosf)?
BY(I—2IT) = Ao(J 2n) _ 38 ( )[exp 2D ﬁ)l(gu ° ’
~Z,(9) 7(9c0s0)usBIM[] r(geuBB) ol 11) . 2
“ugB cosé
2QAn I' 2T cos?‘(ge aks )d cost — exp(—Ay/2kT) f;M x
g, usB KT Q
exp(A,/2kT) — cos exp(—AL/2kT)| (32) *tu.B
: KT : cos 902(:_? d cosf| (34)

Again, the first and second terms in the square brackets pertain
to transitions originating in the lower and upper-SCF levels,
respectively.

Equations 28, 29, and 32 are in qualitative accord with the
experimental data. Firsfyp should be temperature independent
(eq 28), whereat should exhibit (potentially complicated)
:2mgg:::zisfja%z?gizcr:ris(i\?: jc?m%n:ntsjr)la ;H?Cf)rl]g\}e?t lo glieving that this should be the case for CH/AMak 1§ K.
carries the greater population, the MCD signs will be determined With An ~ 32 cnT* (the gas-phase value 4f;), the fractional
by the coefficient&Zw(J). More precisely, the first term within ~ PoPulation of the’T1. level would be less than 3%. Although
the square brackets of eq 29 will dominate, and since all &xternal-atom effects tend to reduce the SO splittings of
parameters within that term are either squared or intrinsically Impurities in matrices> Ar is almost certainly increased by
positive, A2A — X 2IT should be associated with positive MCD, ~CF effects (eq 6). It is therefore likely that the population of
while the other two transitions are associated with negative the ?I1+ level is negligible. Both the signs of the MCD (as
MCD. Finally, the leading negative sign in eq 32 indicates that discussed above) and the linearity of the plots in Figure 7 support
the B terms are of opposite sign to ti@terms; that is, the  this conclusion. The latter can be illustrated by dropping the
temperature-dependence plots in Figure 7 should change sigrfI1+ contributions from eqs 33 and 34 and then invoking the
as the temperature is increased. linear limit to allow analytical determination of the integrals

The temperature and magnetic-field dependencies indicated
by egs 33 and 34 are potentially very complicated and are
certainly not amenable to analytical solution. Howeven\if
>> KT, only the?[1_ state will be significantly populated and
he situation is substantially simplified. There are reasons for
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TABLE 4: Parameters for the X 2IT Term of CH/Ar

system An/cmt I3 Vn/cm An/cmt ar- [ola)
A2A— X1 22 0.28 77 80 1.44 1.92
B2 — XAl 21 0.24 85 88 1.52 1.94
CZZr— X1 21 0.23 89 91 1.54 1.95
overall 21+1 0.26+ 0.03 78+ 14 81+ 14 1.48+ 0.07 1.93+ 0.02

over6. The result is The strength of arA\ term is quantified by the first moment,

M1, of the MCD;
M o(3—2I1)

(- 9o (1 — «%)
A(3—210)

KT 27,
(An >> KT >> ugB) (35)

M1=fAAT(E)(E— E)dE

~ Z(JugB

(36)

E is the barycenter of the absorption, and the integral is carried
over the complete envelope of the band system. The procedure
Equations 3335 are functions of only two independent  for generating theoretical expressions Kox is similar to that
parameters, which were determined by least-squares fitting of described above foM,. Since M; is also independent of
the data in Figures 7 and 8. The procedure is similar to that excited-state CF effect4,it is again convenient to use the SO
used for OH/Ar! except that weaker SO coupling precludes excited-state basis functions. Taking the population ofEhe
assumption of a value fékg. The free parameters were chosen level to be zero, the results for the three-band systems of CH/
to be x and A, initial estimates for which were obtained by Ar are
using eq 35 and the data in Figure 7. Refined values were then

obtained independently for each band system by fitting egs 33
and 34 to the data in Figure 8. The population ofdfie level

was assumed to be zero, and the integrals 6weere evaluated
numerically. The best fits, illustrated by the curves in Figure
8, provide very credible representations of the experimental
results.

magnitude and degree of curvature.
Table 4 summarizes the final values obtained from the fits

and some of the pertinent parameters derived from them. The

values forAr are consistent across all three systems, but there
is some variation inc. The latter is reflected in the different
absolute slopes of the data shown in Figure 7. In the case o
the CZ=* system, errors were almost certainly introduced during
the procedure to correct the spectra for OH contamination. The
main reason for the discrepancy between the data for the othe
systems probably lies with systematic uncertainties in determin-
ing the absorption baselines at low optical densities. Combining
the results for all three transitions gives a SO coupling constant
of Ap = 21 4+ 1 cnt? (reduced by~11 cnt? from the gas-
phase valu¥) and an orbital reduction factor af = 0.26 +
0.03.

With egs 6 and 12, the results in Table 4 gWig~ 78 + 14
cmtandAp ~ 81 + 14 cntl. The former is similar to the
(average) value of 9% 10 cn1? found for OH/Ar! The latter
allows a test of the assumption that tRH, level is not
significantly populated at the temperaturds< 16 K) inves-
tigated in this work. With an upper limit d?,.(+) < 1073, the
assumption is definitely justified.

The discussion of the MCD has so far concerned daly
and C terms and their contributions to thd,. At higher
temperatures and stronger magnetic fields, théAAsystem
shows two-signed MCD (Figures 1 and 4), which is normally
associated withA terms. These have a sigmoidal band shape,

In particular, the temperature dependencies of the
saturation curves are accurately reproduced both in terms of

r

_ y|MJ%coé 0[ 3
_—2 (2

MI(A’A—2T]) KugB — A1 —

«%) tan r(gez_lf.? B)] (37)

(38)

Mé(B%Z 1) = 3c%ugB cog 6|M |74
ME(C*= 1) = «’ugB cos OIM|/4 (A >> KT) (39)

All terms in egs 3739 represent conventionél terms, except
for the second in the square brackets of eq 37, which is

stemperature dependent and arises f@terms that are shifted

by excited-state SO effect#, is the empirical SO coupling
parameter for the &A term (Figure 9). From Table 42 ~
0.07; accordinglyM; for the B 2=~ and C2=* systems is
strongly quenched by the CF of the matrix, which explains the
single-signed nature of their MCD. On the other hawd,for
the A2A system is substantially enhanced, especially at higher
temperatures, where the temperature-independent contribution:s
to the MCD are dominant andl 1/My ~ Ap;. Hence the A2A
system shows a two-signed MCD at high temperatures (Figures
1 and 4).

After orientational averaging, invoking the linear limit, and
dividing through by the appropriat®,, eqs 3739 become

27N y2 K2_ _
M ,(A’A—XIT) =,uBB[(2 Ay (AA( Zle)gH )] o)

A (A*A—XTT)
M, (B’S™—X?IT) M, (C°="—X’M)

AYBS —XTI)  A(CE XTI
(Ap >> KT >> ugB) (41)

KCugB

From eq 40, it can be seen that the temperature and magnetic

are temperature independent, and occur when the initial and/orfie|d dependencies dfl1/A, provide information about the SO

final states are split by the Zeeman efféttin the case of a
degenerate initial stat#) terms become more apparent at higher
temperatures, being overwhelmed ®yerms at lower temper-
atures. All of the transitions of CH/Ar fit the criteria required
to showA terms; the question therefore arises as to why they
are discernible only in the case of the?A system.

splitting (2Aa; Figure 9) of the A?A term. Withx = 0.26 +

0.03, moment analysis of the magnetic-field-dependence data
in Figure 4 yieldsAn =54 1 cmrl. That is (neglecting excited-
state CF splitting, to whiciM is insensitive), théAs, level

of CH/Ar lies~10 cnt! above theéAs; level. Analysis of the
temperature dependence is less precise due to uncertainties ¢
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determiningM; at low temperatures in the presence of a very
much largerMy, but the data in Figure 1 givé, = 6 £+ 2
cm~L In contrastAy, = —1.1 £ 0.2 cnt! for CH in the gas
phasé.’ which indicates that the matrix imposes a substantial
external-atom SO effect on the A states.

Mo andM; yield no information abouV,, the CF splitting
of the A 2A term. However, an upper-limit estimate can be
obtained from the separation of18 cnt! between the
maximum and minimum of the stron®-term feature centered
at ~23 230 cml. SettingAa = (Va2 + 4A0)Y2 < 18 cnrl
givesV, < 15 cntl, which is substantially smaller than the
CF splitting of the ground-state term.

V. Conclusion

Temperature- and magnetic-field-dependence studies of the

MCD associated with the &A, B 22—, and CZ=t — X 2[1

systems of CH/Ar demonstrate that the orbital angular momen-
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