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Experimental collaborators on photodissociation

Dave Parker (Nijmegen):

02 — OCP))+O(Py), OH — OCP))+H(3S)
O, — O(3P ) (1 2) SH — S(3Pj) + H(25)
S, — SCP)+SGPy), NO, — NO+O('D)

Wim van der Zande (Nijmegen): O, — O~(°P;) + O(3P;)

Simon North (Texas A&M): ClO — CI(3P;) + O(3Py)
Maurice Janssen (VU): N,O — NO + O(1D)
Mark Brouard (Oxford): SO, — O(3P) +SO(3x ")

Roger Miller (North Carolina): (HCl); — HCI(j) + HC1(j")
(HF)2 — HF(j) + HF(;")
Gerard Meijer (Nijmegen): He 4+ CO(A + X) — He + CO(X)

www.theochem.ru.nl/cgi-bin/dbase/search.cgi?pr:photo
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Single channel photodissociation - direct dissociation of OH

Multichannel photodissociation - predissociation of OD
Correlated fine structure distributions - CIO

e Adiabatic model
e Diabatic model
e Multichannel treatment

Absolute cross sections:

e Forbidden transitions, Herzberg I, O,
Collision induced absorption, Ha-+H2, No+N3, (O2+N2/02)
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Direct dissociation: OH(X?M) — O(3P)-+H

10 Bound state wave function:
h2 02
5
3 Continuum wave function:
s s 4
& 0’&(\ {—ﬂw-FVdR)—E]\U (R;E)=0

AQi x,(R) Transition dipole moment:
1 1 1

1 2 3 4 5 M(R) = (1227|/1X\X2ﬂx>

Interatomic distance (bohr)

Photodissociation cross section for iw = E — E,:

o(w) = Z2 W (R; E)|u(R) | xw (R))

€oC
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Direct dissociation OD(X?M) — O(3P) + D(2S)

Experiment
e Velocity map ion imaging
e Measure kinetic energy of O or D
e OD produced in discharge
o Tiot = 10K

Populations of vibrational level:

pu( T) o e Ev/kTvib

0 1 2 3 4 ST~
TKER (eV) Fit to theory: T, ~ 1700K

Radenovi¢, van Roij, Chestakov, Eppink, ter Meulen, Parker, Loo, Groenenboom, Greenslade, Lester, J. Chem.

Phys. 119, 9341 (2003)
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Predissociation, OH(X?M) — O(3P) + H(3S)

Velocity-map ion imaging experiment:

8 ?
H+0('D) .
200 s 2 M=% :1(0) csin®6
o

. H+O(P) > 0 v )
£300 La < R rl—)rl:/”(@)OCCOS 0
< 400 2 H

500 S

600

2 General: [(0) < 1+ BP(cosf)

o [ =-—1 ﬁ”:Q.

REMPI detection of fine structure
states: O(?P;,J =2,1,0)

Further complication, product alignment: |JM), M = —J,...,J

1;(0,w) o< 1+ By(w)Pa(cos ) + v,(w)Pa(cos )
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OH predissociation proper quantum treatment

Molecular electronic states: Q = A+ X:

g = [XPM3)0), XMy 0), [12510), [1%530), [1*57 o),
114M52), [1°M3)0), |11y 0), | AE 1 2)

Multichannel expansion: |V ) = ZSAQ 25F1Aq) [ JQM) cspau(R)

Hamiltonian: H = g; Irz T 2NR2 + Hgo + Hso
e Born-Oppenheimer: Hpo (5 potentials)
e Spin orbit coupling: Hso: Q <> © (9 unique couplings)
e Coriolis coupling 12: Q<> Q+1 (3 unique couplings)
G. Parlant and D. R. Yarkony, J. Chem. Phys. 110, 363 (1999)
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Predissociation of CIO

/2), correlated products

2 280nm 2 2 3
ClO(X |_|3/2) — CIO(A |_|3/2, V) — Cl( P3/2,1/2) + O( P2’170)
i R R W ' )
i S —
36000\ . e
\ / . ‘2,
AT 315
s £
& g b
: 31
4 1 ¢
1 Hos
16 18 : 2 2‘.2 2‘.4 0, G 30

i 10
Tntermclear Distance (A Vibrational quantum number

K. Dooley, M. Grubb, J. Geidosch, M. van Beek, G. Groenenboom, and S. North, PCCP 11, 4770 (2009)
H. Kim, K. Dooley, G. Groenenboom, and S. North, PCCP 8, 2964 (2006)
I. Lane, W. Howie, A. Orr-Ewing, PCCP 1, 3087 (1999); PCCP 1, 3079 (1999)

A. Toniolo, M. Persico, Pitea, J. Chem. Phys. 112, 2790 (2000)
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Predissociation of ClO, adiabatic model

12 12— P, + P,
2'm g%

3/2 .
2 ” r——> .0, Molecular states:
B em—

’2‘\—\5/2

4 172 32 25+1
2% 3/2- /\Q

:'yé Pyt Py
2% —i\ Atomic states:
312:>— 2Py, + 3P,
1 1/2 2 o
pee— w2 Cl(Jar, Qc1) + O(Jo, Q0)

I %

L c— 1 Pt
12
12

e ——_
TR c— 2
S — % Q= Qa + Q0
B — az Poat 2

LI e— 12

Model: correlate

Expected to work for low kinetic energy
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Predissociation of ClO, diabatic model

Atomic fine structure states: |Jo1Qc1)|JoQ0o)
Russel-Saunders coupling for atoms (Q; = A; + X;):

i) =D ILA)SZ) (LA ST\ JQ;), i=CLO
AE
Coupled atomic spin gives molecular spin (X = X¢1 + X0)
ST) = Y ISaZa)lSoTo)(SaLaSoTolST)
oo
Orbital part A = Acy + Ao
ILA) = D [LaAa)|LoNo) (LarailoNo|LA)
Aciho
Fine structure branching in diabatic or sudden limit:
P = 37 [(JaiQeiJoQo| LAST) 2
QciQo

2
= > [{LeiAciSciZe lda1cer) (LoNo SoZo [JoQ0) (Sc1Zc1So o IST) (LaiAciLoNo | LAY |
2c12Ac1MoEc1To
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Results for ClO fine structure branching

Atomic States v=1 =12 v=4 V=3 V=7 ¥=8 v=09

QCPsp) + OCPY) 0.07 0.24 021 028 022 0.09 0.29 0.24 0.19
‘Coupled channel: 034 033 028 024 0.32 0.26 0.30 0.26 0.28
Diabatic: 0.18 022 022 026 022 0.24 0.22 025 0.17
QP + OCP) 031 0.37 0.12 0.08 0.02 0.10 0.18 0.26 0.31
Coupled channel: 0.18 0.20 0.19 0.14 022 012 0.23 0.11 0.12
Diabatic: 020 0.19 020 025 0.20 022 0.19 023 0.13
QCPap) + OCPy) 056 029 035 022 0.19 0.24 0.17 021 0.37
Coupled channel: 0.39 0.31 0.30 028 0.31 0.28 0.32 0.30 0.30
Diabatic: 0.30 0.34 033 029 0.33 0.31 0.33 0.31 0.37
0(’Pm) +0CPy) 0.00 007 0.00 0.16 034 0.21 0.30 0.16 0.00
Coupled channel: 003 002 0.06 011 0.04 0.11 0.04 009 0.09
Diabatic: 0.19 009 0.09 0.07 0.10 0.08 0.09 0.08 0.12
QCPsp) + 0Py 0.06 0.04 033 0.26 022 032 0.06 0.13 0.13
Coupled channel: 0.07 0.13 017 024 0.12 0.24 0.11 0.24 0.21
Diabatic: 0.13 0.17 0.16 0.13 0.16 0.15 0.17 0.14 0.20
QePyp) + OCPy) 0.00 0.00 0.00 0.00 0.02 003 0.00 0.00 0.00
Coupled channel: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Diabatic: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4772 | Phys. Chem. Chem. Phys,, 2009, 11, 4770-4776 This journal is © the Owner Societies 2009

Coupled channel, Fermi golden rule:

() _21|

viiJado T p <A2n3/2(vl)|":IA7N|WJ01901JOQO>|2'
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Results for ClO fine structure branching

Experimental
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Fig. 4 Overall Cl(Ql’m) (dark) and Cl(zl"m) (white) branching ratics
as a function of A 2[1,.2 vibrational level. The results from experiment
and the diabatic limit model, are shown in the top and bottom panels
respectively.

Diabatic

4774 | Phys. Chem. Chem. Phys, 2009, 11, 4770-4776
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Fig. 5 Overall OC'Py) (black), OCPy) (grey), and O(’Py) (white)
populations for each as a function of A *I1y, vibrational level. The
results from experiment and the diabatic limit model are shown in the
top and bottom panels respectively.

This journal is © the Owner Societies 2009
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Results for ClO fine structure branching
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Fig. 6 Cl(zl‘m] and Cl(zl’m] branching ratios for each oxygen fine-structure state as a function of A4 2H3p vibrational level. The results from
experiment and the diabatic limit model are shown in the top and bottom panels respectively.
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Forbidden transitions: oxygen Herzberg I, Il, and Il

J. Chem. Phys., Vol. 108, No. 17, 1 May 1998
T T ™
80 i o
=~ . Total o —+
A e )
3 S 60 o
g 5 T=300K i
§ g x|
T c i
z S 40 [ | -
8 3 it
&£ 3 B-X(V'o)j/
820l BX(WN)—H A
S ) ox i
. AX Iy
o
| | | | | | oop e ttRe = 7
1
2 25 3 35 4 45 5 140000.0 15000.0 N 50000.0
R (bohr) Wave number (cm™)

o Herzberg I: A% « X35
o Herzberg Il: 1Y, < X3Zg
o Herzberg Ill: ABA, « X3%

B. Buisse, W. van der Zande, A. Eppink, D. Parker, B. Lewis, and S. Gibson, J. Chem. Phys. 108, 7229 (1998)
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Pathways for Herzberg | transition
®  Spin-orbit through 3):; (2 states)

Il 3 so

3¢— - 3o+

PR I, &% AEf
® Spin-orbit through 3M,, (3 states)

X5, 5 n,, &% Aty

)(3):;1 1L Moo o) A3z;r,0
®  Orbit-rotation through 3|'IuY (3 states)

e, °n,, & sty

57, 5 3,0 & Aty

x5 n,, <& A
®  Spin-orbit through 3|'IgY (2 states)

X3Z;0 SO 3ng,0 L A3211

XaZgil S 3rlgvl = A3ZI0
®  Orbit-rotation through 3|'Ig, (2 states)

X3, & ng, = Aty

stg_,l 8, 3ng,O == A3ZI1

X3Z;1 &8 3”&2 = ASZj,l
®  Spin-orbit through 3):; (1 state)

3<— SO 3+l 3+
X Zg,l — o1 AT

Gerrit C. Groenenboom Leiden 2 Ab initio photodissociation



Integrated line cross section for O, Herzberg |

Cross-sections in 10726 cm? molecule™! cm™!
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Experiment: M.-F. Mérienne et al., J. Mol. Spectrosc. 202, 171 (2000).
Theory: PhD thesis Mirjam van Vroonhoven, Nijmegen, 2003
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Collision induced absorption (CIA)

Gerrit C.

T
Final state

Initial state

e Hy(N)+H(N'), Tijs Karman, A. van der Avoird, G.
Groenenboom, J. Chem. Phys. (2015), accepted

e No(N)-+Na(N), Tijs Karman, E. Milliordos, K. Hunt, G.
Groenenboom, A. van der Avoird, J. Chem. Phys. (2015),
accepted
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Collision induced absorption, theory

CIA absorption coefficient quadratic in monomer density
Dominant contribution from continuum states (integral sign)

272 hw
afw, T) = %nzw [1 — exp <_I<BT>] Vg(w, T)

Spectral density:
ii AIA25(r - wi ).
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Multichannel expansion of wave function

Coupled angular basis function

[(NaNB)NL; JM) = >~ [NaMa)|NgMg)|LM,)
Ma,Mg,My,M
X <NAMANBMB’NMN><NMNLML’JM>

Expansion of the potential in coupled spherical harmonics

(1 7100
VIR) = 3= Viura(R) | [€(3a) 0 (7)) 0 COR)

I17l27l 0

Expansion of spherical components of the dipole moment

1

(! ]
n(R) = X Dnaa(R) [P @ @) (R
h,b I\ v
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Approximation schemes

Isotropic interaction approximation: separation of degrees of
freedom. (Keep angular dependence of dipole surfaces)

’(NANB)NL, JMECO1> = ’(NANB)NL, JM)’Ecoly L>,

1
<R’Ecol7 L> = 5 Uk ol,L(R)~

R C
Coupled-states approximation: neglect off-diagonal coriolis
coupling.
[2=(0-N)?~J?+N>—2J,N,
Coupled channels: Numerically exact calculation of the dipole
coupling.
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CIA H, — H»

Usual isotropic interaction accurate for Hy.

107°¢ .
Y, 10°F
s F
© r G&
&
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3107 E
—T=77K ]
—T=195K|/
8 T=292K
10_ | | | |
0 200 400 600 800 1000
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CIA Ny — N»

Isotropic interaction approximation for high T.

-1
1 0 E 3
: ' : ' 10%(T=300K)
ol T
10 ¢ -
F X3
L 107k 1
S E
g ¥ ]
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Ig 5[ ]
10” =
E 10" o(T=93K)]
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CIA Ny — N»

Large effects of anisotropy for low energy.
Coupled-states approximation captures effect of anisotropy.

T T T T TTIrT T T T T T1T1rT T IIIIIIII T T T TTTTIT T
Wl T Isotropic interaction approximation /
10 - Coupled-states approximation / n
+ Close-coupling calculation

f(w,E)/a.u.

10 1 1 IIIIIII 1 1 IIIIIII 1 1 IIIIIII 1 1 IIIIIII 1 1
10 10° 10 10° 10°
E/K
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CIA Ny — Ny, T=78 K

T T T
o L]
-5
10 ' e =
F X : ]
G r X ]
©
()] I 9 m
©
E - -
‘_tU )
e 1 0k =
o o 3
3 C ]
F X Experiment . 1
I * Anisotropic theory |
Isotropic theory
107 | | |
0 50 100 150 200

o/cm™

Anisotropic calculations improve agreement with experiment

(19 %).
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CIA Ny — N»

Bound-free contribution about 1 % at T = 78 K.
Contribution about 10 % at T = 50 K.

a/em™! amagat‘2
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5
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Conclusion

¢ Photodissociation finestructure branching ratios
e Predissociation rates
e Forbidden transitions

e Collision induced absorption

Question: what is most urgently needed in astrochemistry?
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