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Ca[4s4p(éPJ)] with CH,l following the pulsed
dye-laser excitation of atomic calcium.

D. Husain*2, J. Geng?, F. Castano® and M.N. Sanchez Rayo®

aDepartment of Chemistry, University of Cambridge, Lensfield Road, Cambridge CB2 1EW, UK
bDepartamento de Quimica Fisica, Universidad del Pais Vasco, Apartado 644, 48080 Bilbao, Spain

Molecular electronic branching ratios to yield Cal(AM1, ,), Cal(A%M,,) and Cal(B?Z*) have been determined following
the reaction of Ca[4s4p(®P,)], 1.888 eV above the 4s2('S) ground state, with CH,l. These were determined from the
combination of time-dependence and calibrated integrated intensity measurements of the atomic resonance fluo-
rescence from Ca(43P, - 4'S ) and the molecular chemiluminescence from Cal(AZM, ,,A2M,, B2+ - X?Z*) follow-
ing pulsed dye-laser generation of Ca(4%P,). The results were found to be as follows: A, (2.7 + 1.1) x 1073, A,,
(2.6 £ 1.3) X 102 and B, (2.0 + 0.8) x 1073.

Measurements of branching ratios into specific molecular—~ 200 ~ 100

halide product states for reactions of electronically excited % (a) % o (b)
calcium atoms in its low lying Ca[4s4pY)] state, 1.888 eV~ 150 - 60

above the 4'S) ground staté whether from investigations % 100 G

in the time-domain or using single collision conditions, are § § 40

limited. Branching ratios for reactions of this atomic state with & ° E 20

CH,F, CH,CI and CHBr have recently been reported using 0 0

the time-domairi~* Dagdigian and co-worketdiave studied 0 400 800 1200 0 400 800 1200
the reactions of Caf®) with Cl,, CH,CI, CH,Br, CH,Br,, Time (107%s) Time (10™)
CH,=CHCH,Br and GH;CH,Br using molecular beams and

report total electronic branching ratios into all the accessible~ 100 50

80 () 40 §

30 i}

excited states, CaX¢fl,,, ,» B2").®> Gonzalez Urefiat al®
have studied the reactions &2y, °P) + CH,l - Cal(A,B) +
CH, under beam-gas conditions and report electronic branch"
ing ratios for Calf2r)/Cal®2=*). In this paper, molecular 70
electronic branching ratios yielding Ca#(1,,,,, B*") 10 AR
following the reactions of CafR) with CH,l are reported 0 0 i
following earlier experimental developments originally 0 400 800 1200 0 400 800 1200
designed for the study in the time-domain of Jp(p’-1! Time (107°) Time (107%)
1.807 eV above the H3S)) ground staté.

The .eXpenme.ntal .arrangement employed in this system I'?=ig. 1 Examples of the digitised output indicating the expo-
essentially described in earlier recent time-resolved measuremer, oo gecay profiles for the time-resolved atomic fluores-
on Ca(4PJf-“with minor modifications. Ca[4s4{i%)] was gen-  cence emission and the molecular chemiluminescence
erated by the pulsed dye-laser excitation (10 Hz) of calciunfollowing the pulsed dye-laser excitation of calcium vapour
vapour at elevated temperatuie X 940 K) ath = 657.3 nm  at the resonance wavelength {Cal4s4p(®*P,)] ~ Cal4s%('S)],
{Ca[4s4p€Pl)] - Ca[4§(1SO)]} in the presence of methyl iodide A =657.3 nm} in the presence of CH;l and excess helium buffer
and excess helium buffer gas. Atomic emission at the resonan9. 2 i'el‘éatgg e molecules crme?
wavelength from Caf,) was recorded on time-scales by which =940 K. [CH,l1 = 1.7 > 10™ molecules M, Py iy we = 60 tOIT
Boltzmann equilibration within the spin-orbit components of (a) Cal4s4p(3P1)] - Cal4s%('S,)], A = 657.3 nm
Ca(#P,) had been establish&&!:*Molecular chemiluminescence (b) Cal(A’N,, — X?*, Av =0, 641 nm).
from the states Cal A, ,, 5, B2 — X22*) was also moni-  (c) Cal(A?M;, — X?3*, Av =0, 639 nm).
tored. As in previous measuremehtihe gain of the photomuti-  (d) Cal(B?2* — X?3*, Av = 0, 636 nm).
plier tube (E.M.l., 9797B) was taken from the commercial

characteristitand the combined optical and detection system wasparison of the first-order decay coefficients for the atomic and

calibrated against a spectral radiometer. The procedure for dafaolecular decays demonstrates a 1:1 relationship between the

capture and computerised analysis has been given predidusly. atomic fluorescence and molecular chemiluminescence and
Figure 1(a) gives an example of the intensity profile of theindicates that Caber ,,,,,B%*) arise from direct reaction

atomic resonance fluorescence emission from atomic calcium @etween Ca@P) + CH,i.” The 3P, and 3P, states are called

A = 657.3 nm following pulsed dye-laser excitation in the pres-reservoir states’ and emission from them can be negféeted

ence of CHl and excess helium buffer gas. Figure 1(b)—(d) givesthus atomic emission is given by the fofrf:
examples of the accompanying digitised output for the molecu-

lar chemiluminescence emissions from @&, ,, - X2, Av I (3P) = {A,/FHCa(®Py)] -, exp(—K't)) 0]
= 0, 641 nm), CalZ,, - X', Av = 0, 639 nm) and

Cal®s* — X235+, Av=0, 636 nm), respectively, recorded under WhereA, = 1ft, for CafP, —'Sy) andF = {1 + (1K,) + K,}.
identical chemical conditions to those given for the atomic emisIe has been characterised separately in this work (860
sion. Both logarithmic plots and computerised fitting of the rawfollowing earlier measurement$K, and K; represent equilib-
data to the exponential profiles indicate the first-order nature ofium constants connecting tg, and3P, states, and théP,

the removal of C&P) and Cald,, ,,,B). A quantitative com- and3P, states, readily calculated by statistical thermodynamics
' at a given temperature. At constant total pressure, fixed tem-

* To receive any correspondence. perature and fixed laser pulse outgdtiay be expressed as
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K = K + kgg[CH,] (i)
whereg is the fraction of [CHI ] (initial) reaching the excita-
tion region of the reactor.

Only the A’ and B%Z+ electronically states of Cal are
energetically accessible on direct l-atom abstraction by
Ca(4P,) with CH,:

AH/kJ mot?
Ca(P) + CHl — Cal(X2z+) + CH, 2031 k)
Ca(P) + CH,l — Cal(A2M) + CH, -162 k)
Ca(P,) + CHJl - Cal(B%+) + CH, -153 &)

As the mean radiative lifetime for CAR1,,), for example, is
very short compared to that of C#p4), the molecular emis-
sion intensity from Cal(4, — X) is thus given by

IAs/z/[asv( 1 0_2)

lon(A, —X) = k€[CH,I] [Ca®P )]t=0 exp(-K't) (i)
indicating equal decay coefficients for atomic and molecular
emission.

The combination of equations (i) — (iii) and their integrated
forms yield the result:

Fig.
cular chemiluminescence emissions to the atomic fluores-
cence emission Ca(43P1 - 41S)) (A
CaI(AZI‘IV2 - X253+, Av=0, 641 nm), (b) CaI(AZI'I3/2 o X2Z3+, Av=
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2 Variation of the integrated intensity ratios of the mole-

657.3 nm) for (a)

0, 639 nm) and (c) Cal(B2Z* - X25*, Av =0, 636 nm) as a func-

l'a12 = (A,{F) slope (1)/slope (2) (iv)

tion of the concentration of CH,l following the pulsed dye-laser

excitation of calcium vapour at the resonance wavelength (A =

wherer,,,, = k/ks, the rate of production of Ca¥fr,,)
from the reaction of C&p) by CHjl relative to the total
removal rate of C&P,) by this molecule, namely, the molec-

657.3 nm) in the presence of excess helium buffer gas at ele-
vated temperature. (T = 940 K, pr. .1 with ne = 60 torr).

ular electronic branching ratio. Slope (1) is that of the plot ofReferences cited in this synopsis

the ratio of the integrated molecular to atomic intensities, 1
I(A, — X)/I ®P) versus [CH]] (initial) (Fig. 2), and slope
(2), that ofk’ for Ca(4P)) versus [CH]] (initial), presented in
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with CH,F, CH,Cl and CHBr?= are given in Table 1. The 5
present results may be compared with analogous data from
studies of the reactions of GBY, 3P, + CH,| derived from
molecular beam8yielding sensible agreement. The results 7
are also compared with analogous measurements determined
in the time-domain for branching ratios into the states 8
Sri(An, ,, AM,,, B?x*) following the reaction of 4
Sr[5s5p¢P)], 1.807 eV above the 53S)) ground staté,and

generated by pulsed dye-laser excitation, with,ICY4 and 10
CF,l, ! again yielding ratios similar to those observed here. 11

4

We thank the Sino-British Friendship Scholarship Scheme fod2
a scholarship held by J.G. during the tenure of which this wor
was carried out. We are also indebted to Dr Jie Lei and to Dry4
G.A. Jones of D.E.R.A. (Fort Halstead) for encouragementl5
and helpful discussions.

Received 22 March 2000; accepted 10 June 2000 16

Paper 00/229

Table 1

Molecular Electronic Branching ratios into CaX*(AM1, ,, ATl

C.E. Moore (Ed.)Atomic Energy LeveldNat. Bur. Stand. Ref.
Data Ser., Vol. 35, Parts I-lIl, U.S. Government Printing Office,
Washington, DC, (1971).

2 D. Husain, J. Geng, F. Castafio and M.N. Sanchez Rayo, J.

Photochem. Photobiol., 200033 1.

D. Husain, J. Geng, F. Castafio and M.N. Sanchez Raper
Chem, (2000) in press (No. LC-9000).

D. Husain, J. Geng, F. Castafio and M.N. Sanchez Rayhys.
Chem, (2000), in press (No. 262).

N. Furio, M.L. Campbell and P.J. Dagdigiah, Chem. Phys.
1986,84, 4332.

6 J.M. Orea, A. Laplaza, C.A. Rinaldi, G. Tardajos and A.

Gonzalez UrefidChem. Phys 1997,220, 337.

S. Antrobus, S.A. Carl, D. Husain, J. Lei, F. Castafio and M.N.
Sanchez Rayder. Bunsenges. Phys. Chefi£95,99, 127.

S. Antrobus, D. Husain, J. Lei, F. Castafio and M.N. Sanchez
Rayo,Int. J. Chem. Kinef 1995,27, 741.

S. Antrobus, D. Husain, J. Lei, F. Castafio and M.N. Sanchez
Rayo, J. Chem. Res., 1995, (S) 84, (M) 0601.

S. Antrobus, D. Husain, J. Lei, F. Castafio and M.N. Sanchez
Rayo, Z. Phys. Chem., 199590, 267.

S. Antrobus, D. Husain, J. Lei, F. Castafio and M.N. Sanchez
Rayo, Laser Chem., 19956, 121.

F. Beitia, F. Castafio, M.N. Sanchez Rayo and D. Hu€hiem.
Phys, 1992, 166, 275.

3 T.J. Mcllrath and J.L. Carlsted, Phys,. 1973,B 6, 697.

E.M.l. Catalogue (E.M.I. Industrial Publications, !979).

W.L. Wiese, M.W. Smith and B.M. MileAtomic Transition
Probabilities, NSRDS-NBS-22, U.S. Government Printing
Office, Washington, D.C., 1969, Va2.

D. Husain and G. Roberts, Bimolecular CollisionsAdvances

in Gas-Phase Photochemistry and Kinetics, Royal Society of
Chemistry, London, (1989) p.263.

3 B?Z*) from the halogen atom abstraction reactions of

Ca(43PJ) with the halogenated methanes, CH3X, at T =940 K determined by time-resolved measurements of atomic resonance flu-

orescence (43P1 - 4'S o) and molecular chemiluminescence CaX*(A, ,,

A

3. B = X) following pulsed dye-laser excitation.

CH3X A A B Ay + Ay, + B
CH3F2 (1.4+0.6) x 1073 (1.2+0.5) x 1073 - (2.6+1.0)x1073

CH3CI% (2.6£1.1) x 1073 (1.9+0.8) x 1073 (3.6+2.0) x 10 (4.9+2.3) x 1073
CH3BI' (9.8+3.9) x 10 (8.5+3.4) x 1074 (3.4+1.7) x 10 (2.2+1.0) x 103
CH3|a (2.7£1.1) x 1073 (2.6£1.3) x 1073 (2.0£0.8) x 1073 (7.3x2.3) x 1073

aThis work.
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