Applied Physics M43, 2015, 5, 39-45 Hans X
Published Online April 2015 in Hans. http://www.hanspub.org/journal/app
http://dx.doi.org/10.12677/app.2015.54006

Experimental Evaluation of Vibrational
Relaxation Energy Transfer in Rb-Hz(N2)
Mixture

Jiang Yue, Baihui Liu, Hongmei Fan, Kang Dai, Jing Liu*

School of Physics Science and Technology, Xinjiang University, Urumqi Sinkiang
Email: xdlj@xju.edu.cn

Received: Apr. 14", 2015; accepted: Apr. 24", 2015; published: Apr. 28", 2015

Copyright © 2015 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

Rb-H; mixture was irradiated with pulses of 420.4nm radiation from a DYE laser. The vibrational
levels of RbH(X!X+ v" = 0 - 2) generated in the reaction of Rb(6P) and H,. Highly vibrationally ex-
cited RbH(X!X+v" = 17 - 20) were prepared using degenerate stimulated hyper-Raman pumping.
An experimental study of vibrational relaxation energy transfer in RbH(X1X*v" = 17 - 20)-Hz(Nz)
collisions and their vibrational relaxation rate coefficients had been performed. A CW laser was
used to probe the prepared vibrational state. The decay signal of laser induced time-resolved flu-
orescence from A1X+(v')—X1X+(v") transition was monitored. Based on the Stern-Volmer equation,
the total relaxation rate coefficient k,(Hz) had been yielded. The total pressure of H,-N; mixture
was constant and the a(mole fraction Nz) changed. The values of k,(N2) were obtained in a similar
method. The direct experimental evidence of multiquantum relaxation was prepared by time pro-
files of relative intensity of RbH v"” = 17, 20. The initial population for RbH (v" = 17, 20) was re-
laxed to much lower vibrational levels (Av = -7 and Av= -5).
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Figure 1. Energy diagram for degenerate stimulated hyper-Raman process and probe scheme

B 1 B 2R A S RIEMARIN 7 REERE

L— ‘ dye laserH N, laser ’>

IF ﬁ E
m I "
N W 4s DG535

U]
H,.N, H pump OPO 1 YAG

Figure 2. Experimental setup. OPO: optical parametric oscillator; BS: beam splitter; m: mirror; L: lens; IF: interference filter
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Figure 3. Semilogarithmic plot for time-resolved fluorescence of RbH in A'S*(17,7) —X*2*(13,6) transition
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Figure 4. Stern-Volmer plots for collisional quenching of vibrational states v** = 17 - 20 for RbH
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Table 1. Collisional transfer rate coefficients for RbHX E* (v = 17 - 20) with H,or N, (in 1072 cm®s™)
%% 1. RbHX'Z(v" = 17~20)5 H, 1 N, HORli 83 7R R A H (10 2 cm®s ™))

v 17 18 19 20
kv (Hz) 28+0.3 36%0.3 45+04 51+04
kv (N2) 13+01 18+02 22+0.2 28+03
“Berh iR S
-1
et =k, (Hy )N, ke (NN, @)

e, Npo Np 28500 Hy AN BOBEE . B Hy AL N I8 (BB Ni) V3, 5 30 N IR
EAEIBCEOA o = No/Nigt» AE75(2) 3075

(N7 ) =k, (H,)+a[k, (N;)—k, (H,)] (3)

[ 52 AN 3 kPa, BAE Ny FURCEL o, SRHARMM SR . [ 5 05 ROHX'E" (v = 17) 25074
ML o BILRINZ, BBIER R ko(H), TR (K, (Ny) =K, (Hy)]o AR k(N2
FIZRAAH J7E43 8] RoHX'S (v = 18~20) 5 N, R bl % 2%, W& 1.
PRENBR S T 550 TRk, XTERIRShAES, Mish i 3 B i i i fE (A = 172421, ot
B R BB v I N ggE I, (HXTEAIRSIA, HTAv > 2 2 E TR EA, iR s R
RECT R I IR AR B [11] o FEARSEISH, BT KB MHRZNRE R/, Moy il oW 42 315t
O R BB v I NS B . X RbH 2315 N, IfEE r, v = 20 [0 5t s 42 R A8 s ik,
Al RERAE T V-V LR,

32. RPETMEZETHKRIE

BT 73 53 T RS s B, AE R @A RS SRR ENE, T ingid Ay =
DEGRAERN[12]. 2, XmAiRsiEmE, TR V-V, VR BERHBEIEAE, ThERES
AN SRR

£ RoH-Ho(No) R4t , A LU N IEHIRIRS)-IR3) BE B A2 L A

RbH(X'Z",17)+H, (0,3) > RbH(X'Z*,10) + H, (1,2) (4)
RbH(X'Z",18)+H, (0,5) > RbH(X'S",11)+H, (1,4) (5)
RbH(X'",19)+ N, (0,3) - RbH(X'Z",14)+ N, (1,2) (6)
RbH(X'Z*,20)+ N, (0,9) - RbH(X'z*,15)+ N, (1,8) 7)

OPO ¥ RoH (X'T*v" = 17)& )5, Bt 5 Hy MIREREf RoH 2> TR A SR 3h et b 381545 & , RoH
X'Thv" =17, 16 M1 10 RENFEL 0 1A -SRI AR I A1 5 Rl B LIF B i e . E L3060 5l
Bk RbH 201 X'2%(17,3). (16,4)H1(10,2)—A’L*(16,4). (15,5)F1(6,3), 7+ AT A—X BRITH) LIF St i AH
%o 5 5 i i SR I ) PR A8 4k j&% ER L 6. M ERTPAEEE 5] RoH 41 v = 10 fEZ% b 1A 4
IART v =16, IXAT R @ E LR E TG v = 17 BDERIT R v = 10 &, Wit v =16 &
Bl 2 8o RGE R v = 10 &, X ASSRI0 s LR i He R I R (4) I B BEIE YR .

7£ RbH + N, £4iH, H, Al N, [FIAE£E. OPO ik RoH (X'E*v" = 20)25 &, ESEMOE /7R RoHX Z v
=20 F1 15 JRBNAELBIEL R I AZYAS, 03 A—X BRAE A LIF St 5 bt e 3R i R 284k, Sat el SR

W 7. FEEIMPLEER] 7 IE XA, BN TR 2 BT IRE) R (MQ) I R s 1T B FE 1)



Rb-Hz2(N2) £ Gt H H R s Al 1 g i 74

3.0
Z&H\\\l\\\\ﬂ\\l\l\\l\\\\r\\\
2.0

154

1.04

(N9 7(10%°cm’s™)

0.5

0.0 T T T T
0.0 0.1 02 03 04

a(mol fraction Np)

Figure 5. The curve of (Ny2) * with o (mole fraction Ny) for RoHX'S* (v = 17)
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Figure 6. Time evolutions and relative intensities of the three states v’ = 17, 16, 10 by preparing v’ = 17 in RbH + H, (py, =
21Torr)
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Figure 7. Time profiles of relative intensity in v = 20 and 15 after preparation of v’ = 20 for RoH (Ny; = 3 kPa, a = 0.23)
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