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FIG. 1. Thermoluminescence spectra of irradiated OCS/0,/
Ar. Trace (a) 1/1/200; trace (b) 3/1/200.
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w- First FTIR: Bomem DA3.002 (Regional Instrument Center)

JCES 34, 161 (1967)
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| Techniques in Spectroscopy

19_87 .~ Supersonic jet, laser-induced fluorescence
19_88 ~ Matrix isolation, Laser-induced fluorescence
1995, VUV absorption / ionization

1995 Degenerate four-wave mixing
Two-color resonant four-wave mixing

|

|

|

|

{1995J Step-scan FTIR in emission mode
{1997J Step-scan FTIR in absorption mode
{2004 . Para-hydrogen matrix isolation
{2005 - NIR Cavity ringdown

k2011 - VUV/IR ionization TOF detection
|

2018 Quantum-cascade laser absorption



| Techniques in kinetics/dynamics

{19_85 ~ Discharge-flow tube / Resonance fluorescence

{19_90| Flash (Laser) photolysis / Laser-induced fluorescence

11995  Step-scan FTIR in emission (2001)

11997, Step-scan FTIR in absorption (2006)

120_02 | Diaphragmless Shock tube

12_0_18 - Quantum-cascade laser absorption



Matrix Isolation = Inert-gas matrices

Sample diluted in inert gas and
deposited onto a cold ({—29 K) target
guest : sample ’

*
host : Ar, Ne, Kr, Xe', N,,-Q,, H,
¢

V 4

===yl

-
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Llll c —

PCCP 9, 4698 (2007)

Requires minimal‘samples

Simplified spectra*= no rotation, no hot bands

Small matrix shift of vibrational wavenumbers from gas phase

Cage effect- higher photo-dissociation threshold
recombination of dissociation fragments

Rapid energy relaxation
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Matrix Isolation = Electronic transitions

(10T (Y111 ) & are — 82’ SO, C2N2’ BaO, CaO, CaCI

700 650
Wavelength /nm

veo /ot 20870 + 30 19757 15750 +10 15417
o lcmt 724 £6 721.4 699 + 5 698.1
oXflcm?  2.9+1.0 2.86 2.6 +1.0 3.04




Matrix Isolation -~ Thercgas matrices
Make use of the cage eliect

HOOING©
KOONO [ICP103 4026 (1995) "CPL 242,147 (1995)

cyc-KNO,, KONO  'SCPioa 835 sse)"

OSOO "JCP 104, 5745 (1996)
SOO "JCP'105, 9454 (1996)
cye-CS,

Cis-, trans-OSNO

J A hocArr

ONCO

AE= 0 keal mol”!




Matrix Isolation = para-H, matrices

14
Qulantumiselid
large amplitude of zero-point vibration

Smallfinteraciion
+ High resolution spectroscopy

‘s (H___i_pdefed) rotation for some molecules
« Diminished cage effect

Nulcleartspintrelaxation \
para-H, ortho-H, | . :
Nuclear spin = 0 Nuclear spin = 1 _..".‘I : ,‘* w _
(antisymmetric) (symmetric) -F..' '.F:'-F IN Situ photonS|s
Rotational part Rotational part - - photo-induced bimolecular rxs :
J even J odd - r £ :
(symmetric ) (antisymmetric ) i 4 atom/radical + molecules







an
1

(1)

£ £ £ g 2

-

Torsional Motion of CH,OH

Conformational Enasrgy ws. Intarnal Rotatian Angle
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L5

Taken from: Stephen L. Davis, George Mason University, Fairfax, VA 22030
http://classweb.gmu.edu/sdavis/research.htm
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Matrix Isolation * para-H, matrices

Rotation & Nuclear Spin Relaxation

Internal Rotation and Spin Conversion ,? P liougen
of CH,0H in Solid para-Hydrogen ;

Yuan-Pern Lee,™** Yu-Jong Wu,? R. M. Lees,* Li-Hong Xu,* Jon T. Hougen®

1 (0, V, V"1, V12, K™,
VOL 311 20 JANUARY 2006 | 365 .
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EDITED BY GILBERT CHIN AND JAKE YESTON

Unlike macroscopic objects, molecules
vibrate and rotate in discrete increments.
To uncover the underlying quantum-
overning suc
behavior, spectroscopists induce spec
patterns of motion through light absorp-
tion. Thus, the molecules under study must
be free to move about, but unless they are
to some degree restricted, the flurry of dif-
ferent movements can be hard to disentan-
gle. A promising compromise is the use of
para hydrogen (p-H,) matrices. When
(H, with oppositely oriented nuclear spin
is cooled to low temperature, it forms an
unusual medium, termed a quantum solid,
in ch the nuclei delocalize in space.
Consequently, guest molecules embedded
in a matrix of this solid retain a certain
amount of flexibility. Lee ef al. show
through infrared absorption spectroscopy
that CH;F mol can rotate about the
C-F axis in such a matrix, but are restricted
from tumbling in orthogonal directions.
The study bolsters the utility of p-H, matri-
ces for pre spectral characterization of

S

*Helen Pickersgill is a locum editor in Science’s editorial
department.

MICROBIOLOGY
Adapting to Drug Reg

Developing a new therapy for
infections is an expensive and|
that may give relief for less ti

develop the agent. Hence, del
resistance by administering d
tion is a currently favored stra
groups show this may not be ¢
implement wisely. By experim
modeling, Hegreness et al. m
tuitive discovery that synergis
pairs, such as doxycycline and
may actually accelerate the e

ance. In fact, antagonistic dr

effective at forestalling resista
because as one drug becomes
suppressive effect on the othe
unmasks the potency of the sg
course, the precise outcome d
drug ratios, doses, pharmaco

modes of action.

Developing policies for the
of drug combinations requires
eling. Boni et al. compared th
the standard wait-and-switch g
of drugs for malaria control wi
ous deployment of multiple d
shows that if three different
drugs are offered for use at
the same time within a malar-|
jous population, the clinical
burden is reduced, the emer-
gence of resistance is delayed
by two- to fourfold, and the
number of failed treatments
is almost halved. — CA

Proc. Natl. Acad. Sci. U.5.A |
105, 13977, 14216 (2008) |

DEVELOPMENT
Signal Stability

Chordin and BMP signaling d4
trends across the Xenopus em
between them the axis from d
and destinations in between.
between these and other factd
plex regulatory interactions, i
negative and positive feedbad
predictions from some combi

3 OCTOBER 2008 WVOL322 SCIEN

Published by AA
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Matrix Isolation = para-H, matrices

In situ photolysis: The most straight-forward experiments

CH.S « CH,SSCH., RN Re RN RIS T33Me3161010)"
o Kop=¥eiNe]\[6] > HNO + H,CO

0 51057 (0018 3CP 147 154305 (2017)

"JCP 136, 124510 (2012)

C,H.C(O) « CHC{EH "JCP 139, 084320 (2013)
CH,CO « CHIC{(EhH "JCP 140, 244303 (2014)
anti-, gauche-C,F,| < CF,ICF,| "PCCr20:126502018)"
n-propyl <« CH,CH,CH,| "IMS 363, 111170 (2019)

I-propyl — CH;CHICH,
(2)-=C,H,C(CH,)I < (2)-(CH,)HC=C(CH,) SFerTaasssrzozo)™
(E)-=C,H,C(CH,)| — (E)-(CH,I))HC=C(CH,)




Vibrations of CH,O

PR ¥

v, : CH stretch

v, . umbrella v; : CO stretch

-

e,

v, : CH stretch

]

Vs : bend

o
Jf)

vg - rocking

eJahn-Teller Distortion
*Spin-Orbit interaction
*Ground state:

“E;, and °E3 ,

Degenerate modes:
»” 4 components
No IR spectrum
except the CH-
stretching region (?)

_/ (Curl, JCP 2009)

20



Identification of Lines of CH,0

IR intensity

O
@

Absorbance

=
o

O
&

1500 1440 1380 1320 1?60 1?00 ] 140 1080 1020 960 900 840 780 720 660 600
Wavenumber (cm™)

Theory

Difference
in 4 min

335 nm
2 min

CH;0NO
deposition
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Matrix Isolation = para-H, matrices

Photo-induced bimolecular reactlons

CHj + SO, - CHySO2 S YEe S ICPISHT2STA @0t
Cl + C;H, - =CH,CH,CI aiud 23G-a-d, G T o
Cl + CH;CH=CH, > =CFECEEIRSEa = -5 * .
Cl + CH,=CH-CH=CH, SRS CH-CH.C| "JCP'137, 084310 (2012)
Cl + isobutene — «C(CH,),CH,CI & -CHZC(CH3)2CI "JCP 145,134302 (2016)
Q :‘ ‘\_:r ‘w@
e, 07 A
e
Cl + isoprene — 1- «CIC.H; & 4- «CIC Hgq "IPCA121, 8771 (2017) |
N e
7 N



R@actmm @”{f (Cﬂ + C H & lr + (C H

/>CI+CH — CHCI(GcompIex) B >BF+CH —> CH Br(nlncomlex)

® n,CH.Br

J. Chem. Phys.
138, 074310 (2013).

E/ kJ mol”
B =

Wavenumber/ cm™
a N N aPf

"""""""" AR L
54(e) N scaled harmonlc (TS) o ]
=
g' O" T [ rrr Ll
= 5 (d) n; anharmonic J
~< w0
= R
£ 5.J(c)n, scaled harmonic ]

{by 1 ' o T520 hm ]
oI ™y -y - | . "‘gau.
& 27 'BB! 1B B B! 'B . i 601
o) E 1 ' ' . ! il = |

Oor——"Tr———7— 7 1 T aesso—fﬁﬂ 750 800 0

1100 1000 900 800 UV 600 500

— s . ; e A
1 W avenumber/cm™ 800 750 700 650 600 <r
Wavenumber /cm
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Matrix Isolation = para-H, matrices

IrOTONATA N

(a) During deposition H, +e" > H," +2e
H,*+ H,> H;* + H
\§ // H,* + PAH S H*PAH +H,
GUES H + PAH > HPAH
H*PAH + e~ > HPAH

After deposition

(b) After long period in darkness or upon UV irradiation

H*PAH + e~ > HPAH
H + PAH - HPAH

Neutral PAH: identified without E-gun
H*PAH : appears with E-gun and decreases with time
HPAH : appears with E-gun and increases with time

Difference after being
in darkness




Matrix Isolation ' para-H, matrices

Proton Affinity
otonated ojf (kJ/mol)

: : H, 424
Polycyclic aromatic hydrocarbon (PAH) N, 495
CeH,", CcH:NH?* "JCP 136, 154304 (2012) ' JPCA 117, 13680 (2013) CO, 548
naphthalene, 1-, 2-C,,H,* "PCCP15 1007 (2019)" CeHs 759

I "JPCL 4, 1989 (2013) CioHy 803
pyrene, 1-C16H11 ! C24H12 862
coronene, 1-C,,H,5* "Angew. Chem. 53,1021 (2014) CH:N 930

_ + "ACSESC 2, 1001 (2018) Advantages |
cCorannuiene, i = . | 1 Negligible fragmentation
fluoranthene, 3-, 9-, 1O-C16H11 , True IR intensity
Small protonated species _ Wide spectral coverage

+ + +Xe [JPCA119,2651 (2015) . :
KEH AE, SRS XeI:I s . Narrow linewidth with good S/N
H*(CO,),, ttHOCO "JCP 145, 014306 (2016) isomers
% i "JCP 145, 164308 (2016) . :
:?CCSE S T . Isotopic experiments
’ . Hydrogenated species
H*(CO),, N,H"N., "TEP 3 oBHE05E020) [PCCPIoNZ0i8A (E0T) Mathubes” :




Flign sty {907 W i @ i)

CC stretch
CH stretch CHip CH oop
Comb. | bend bend |.C
| i ] - 11 | I I . .

UIR emission

Unidentif fdinmr@J (UJR) emission

PR T . BT TRy ol . lIL s ha L Jj[ Aoy J#'||U . ‘ I Ik | ln-' lll]l'-ﬁ IJL o

PAH hypothe5|s
.

& fragmentation

UV excitation

— -

= L -] ’ a o BD 2l

W ol el e

Peeters, E., Hony, S., Van Kerckhoven, C., et al., 2002, Electronlc ground state

A&A, 390, 1089

Polycyclic aromatic hydrocarbon (PAH) has been postulated to be an emitter of UIR.
However, no exact correspondences were found for neutral PAHs.

— Protonated PAH (H*PAH) might be possible carriers.

1 | "
| [ | .1 i | i 1 ' .
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Matrix Isolation ' para-H, matrices

Polycyclic aromatic hydrocarbon (PAH)

C¢H-, CEEE "JCP 136, 154304 (2012) ' JPCA 117, 13680 (2013) |
naphthalene, 1-, 2-C,,H, "FECPIEMEe 013"

pyrene, 1-CH,, "JPCL 4,1989 (2013)

coronene, 1-C,,H,, "Angew. Chem. 53, 1021 (2014)

ovalene, 7-C,H " "ApJ 825, 96 (2016)

corannulene, rim-HC,,H,, "JCP 151, 044304 (2010)"

«ONH(OH) "PCCP 19, 16169 (2017)
trans-1-methylallyl "JCP 137, 084310 (2012)

3-C:H,(OH)NH "JCP 149, 014306 (2018)

1,1-, 1,2-dimethylallyl "JCP 149, 204304 (2018)
orthoEn para-HC6H5NH2 NPEATA75001(2020)"

2,3-dihydropyrrol-2-yl and 2,3-dihydropyrrol-3-y| ErPi53 164302 (2020)"



Eﬁfmem Hydmgenatu@n Reaccitﬂ@n m p-H

H atoms by UV/ IR irradiation of Cl2 / p- H
Cl+H, (v=1) > HCl + H (D. Anderson)

(2) UV on HONO: OH+H,—>H,0+H
(3)UVonH,0,: OH+H,—>H,0+H

PP

00000

00000

Cl+H,(v=0)

~10 kcal mol! H-atom

- reactant
- product

H+p-H, > p-H, +H H+p-H,> p-H,+H H + A - produc

Kumada, Phys. Rev. B68, 052301 (2003)

LA Lt L L e
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Isoquinoline (iso-C,H,N)
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Matrix Isolation © para-H, matiices

Complex Organic Melecules (COM) ane Origin of Liife

NO

2
H'"'
0 o0po
0 HC(O)CHO
ND N y

lH Hl Hzl—)H Hy

HC{O)CH,0
o ] (o)cH,
H 4 H W
I H
HC(O)CH,OH
JH i HY
H,C(O)CH,OH
H W
H,C{OH)CH,OH

Linnartz ef al., Int. Rev. Phys. Chem. 34, 205 (2015)




H abstra@tu@m R@a@tuons in p- H

| '
1[!||

3. Am. Chem. Soc. 141, 11614 (2019) Phys. Chem. Che. Phys 22, 6129 (2020)
& H 1. [H,NCHO]/[HNCO]<<1

2. Catalytic conversion H to H, OH
NH
%‘\ }5\ CH 2 | Photolysis of *CH,CONH,
HNCO H,NCO H,NCHO} 3 forms CHZCO
>@< W HCO acetamide Connecting acetamide &
formamide H, H H, H CN ketene

J. Chem. Phys. 151, 234302 (2019) ACS Earth & Space Chem. 5, 106 (2021)

: H H
: H | //O H\ | //O
: H-+-C—C =  N—C—C
A \ / | \
‘2\-%/ H O—H H H O—H
1.7 K %7/3.3 K :
methyl formate Q glycine




Connection between CH;NH,

Absorbance / 10?  Int. km/mol™

Int. km/mol
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Isomerization from trans- to cis-NMF

CCSD(T)aug-cc-pVTZ // B3LYP/aug-cc-pVTZ

56§[H]DI[NMF]D‘1~---....---.-Iil O

52 | . - - ;_-_i -

£ 83 b e N ORAETL S HNes - 3 o

240 o ;. ----- © trans-HC(O)NH(sCH3) @ HCl — ~ - 36.0 o | 442

=2 22 . ““fooocnocnooocoooooogg -30.7 @ (0.4) : 00 (10.2) -23.5

[ -~ : S e ]  p — .
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Matrix Isolation © para-H, matrices

- C,oHg: 18950 cm (gas)
hy ‘NO" 18875 cm™ (p-H,)

x. ‘ Sumanene: 27943 cm (gas)
27864 cm™ (p-H,)

A2Z* (v=0) B 2I1 (v = 0)
Too FWHM Too FWHM Too FWHM
/cm™t /cmt /cm™t /cm™t /cm™t /cm™t
S (gas) 44080.5 45392.1
* 2003000 p-H> 46459420 ~410 44098+40  ~400  45376+130 ~30
‘ Y (44105+20) (45345+20)
IR 44088 427
et 565
Qe 45536° 645 459136  ~250°
46377 645 45570 ~1702
/= 1 5 44199 645 45893 ~1902
O 0 450 410 40 40 40 5% 530 a0 50 50 630 630 640 42828 645

Wavelength / nm

(a) 0-100 ns
;,4(»:1).).1«}

Intensity

Intensity
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Matrix Isolation = para-H, matrices
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Resonant Four-wave Mixing = Gas phase

£y

CH in a flame "CP103 9841 (1og5)"

Br, B 3m,-X 1%+ FEPI2e8 22 eon"

CHB2x- « «/EP109"5824'(1555)" NErres 500 iocs)

CHE 22-\. "IPCA103, 6162 (1999) David Chandler
CCHD A9~ JCP 111, 4942 (1999)
SO, (500) "CPL 362, 235 (2002)

-

>

387.3 3875 3906 3908 3936 3938
Wavelength / nm

(B) Ground-state grating



Astronomical species .

H,O dissociation in matrices
CH,SO, CH,SOH phoitoionization
'C,H:80.10nization

HSCI HSSSH, SSCI, 5

H ,O fractlonatl qrs
Deuterated e hane,()]nplt
HCI/DCI absorptlén (Venus) .
CH,OH & deuterated absorptlon
H,O/HOD/D,O (W|th theory)

NH, & deuterated

NH3 fractionation (Jupiter)




Water on Mars
d D/H ratio gives the amount of water escaped

X(t) = X(0)[(W + L) /W]l—ﬁ

_Mulliken Difference Potential

Q Dissociation of water vapor with subsequently
escape of H, H,, and O iIs the primary
mechanism of water loss from Mars.

d Preferential escape of the light isotope could
lead to the enrichment of the heavy isotope.

d PHIFE : Photo-Induced Fractionation Effect

d In the atmosphere of Mars, photolysis of HDO
Is 2-3 times less efficient than that of H,O.

d The loss of water from Mars, based on this
work, was estimated to be 50 m.

140 150 160 170 180 190 200



Cavity ringdown " Gas phase

Highly vibrationally excited states or weak transitions

Intensity

CO (5-0) "JPCA 109, 7854 (2005)

CH,O0/CD4OO0O, [SEFT710M31T 007"
A« X

o el C H.O/C/D.O, 9Cr129)154307 2008)"

PDL-3 #
A— X
- S;=2.92x10?° m ( P branch only )
SinglepuaRananifiec flc 4.18x10-?? m including R branch

band origin/cm-1 <v'|p(x)[0>C m
3.6632*10"

P branch W 21432711 -353+410°%
4260.0622 :

Loss per pass / ppm

WUU . 2.22*10°%
M,J\M} 63504391  -1.36*10°°

8414.4693 69510

1034 1036 1038 1.040 1.042 1.044 1046 1.048

Time / p sec Wavenumber / 10° m” = 104522222 3_27*10-36

1.00¢10™"
7.83*10%
4.42*10°
1.53*10%

4.18¥10°%




Sheet1

		band		origin / cm-1		<v'|p(x)|0> C m		Sb / m

		0-0				3.6632*10-31

		0-1		2143.2711		-3.53*10-31		1.00*10-19

		0-2		4260.0622		2.22*10-32		7.83*10-22		128

		0-3		6350.4391		-1.36*10-33		4.42*10-24		177

		0-4		8414.4693		6.95*10-35		1.53*10-26		289
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Sheet1

		band		origin / m-1		<v'|p(x)|0> C m		Sb / m

		0-0				3.6632*10-31

		0-1		214327.11		-3.53*10-31		1.00*10-19

		0-2		426006.22		2.22*10-32		7.83*10-22		128

		0-3		635043.91		-1.36*10-33		4.42*10-24		177

		0-4		841446.93		6.95*10-35		1.53*10-26		289

		0-5		10452.2222		3.27*10-36		4.18*10-29		366

								366.028708134
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Mass-selected IR spectrum =Gas phase 43
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Step-scan FTIR | Gas phase 44
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NIR emission of NO from HNO,
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Fourier-Transtorm IR Spectrometer
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Photolysis of HNO3; at 193 nm JCP 103, 4879 (1995)
NO D =" — A *=" emission

L.C. Lee/JOQSRT/1991

Yeh/Leu/Chen/Lee/JCP/1995
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RSy
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Photolysis of HNO3 at 193 nm

NO D 2(+ ( A 2(+ emission
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HICI Emission ffrom CH,CRCI + 193 nm

CH,CHCI —» :CCH,,+ HCI (3-center) o 0%
— HCCH + HCI  (4-center) Z=oo
Molecular beam: YT Lee, JCP 108, 5414 (1998) 30'02

HCl is highly excited. IP (HCI) = 12.75 eV m 0.01
Observed threshold : 105 +0.30 eV ©
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Sitep scan Fourier-transform IR Absorption
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Step-scan FTIR | Gas phase 50

Photolysis at 248 nm of CH;SSCH,/0O,
(1/700, total 220 Torr ) at 260 K

CICO
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5802
CH3OO s
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c-. t-CICOOH Sl o bk n bk eionl E (1170 cm-3): CH.S(O)OSCH;

P8 F (1120 cm): CH,S(0)S(0)CH;




Importance of Criegee Intermediates

+ Criegee mechanism

important for the removal of unsaturated hydrocarbons and for the production of OH in the atmosphere
R. Criegee, Rec. Chem. Prog. 18, 111 (1957)

/ B —
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Isomerization and decomposition !

+ Decomposition of CH,00 HCOOH, OH, CH,,

CO, CO,, etc
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25/ . before 2012
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Infrared Spectrum of CH,00

| 12 APRIL 2013 VOL 340 SCIENCE |
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Comparison of Experiments with Calculations

mode sym. experiment NEVPT2/aVDZ CAS(14,12) CCSD(T) description?
harmonic anharmonic IVDZ [aVTZ
\Z] A' 3370 (5)° 3149 3215 3290 a-CH str.
2 A' 3197 (1) 3030 3065 3137 s-CH str.
V3 A" 1435(33)¢ 1500 (52) 1458 1465 1483 CH, scissor
/CO str.
v, A' 1286 (42) 1338 (100) 1302 1269 1306 CO str.
ICH, scissor
' B 1241 (39) 1235 (33) 1220 1233 1231 CH, rock
Vg A" 908 (100) 916 (100) 892 849 935 OO0 str.
\% A’ 536 (1) 537 COO deform
Vg A" 848 (24) 856 (3 CH, wag
Vg A" 620 (2 Z", r trp rr O n632 CH, twist
reference this work this work LIS WOUIK




Dimer of CH,00 - Zwitterionic Character

1.2
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1.41 (’\
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3 $ COOC = 62.6°

(CH:00): CH,OO + CH,OQ

CH>00

naturc ARTICLES
Chem.lStI'y PUBLISHED ONLINE: 23 MARCH 2014 | DOL 10,1038/ NCHEM.1890

Extremely rapid self-reaction of the simplest
Criegee intermediate CH,00 and its implications

in atmospheric chemistry

Yu-Te Su', Hui-Yu Lin', Raghunath Putikam’, Hiroyuki Matsui', M. C. Lin'* and Yuan-Pern Lee?*
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Larger Criegee Intermediates

syn-CH;CHOO
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Ozonolysis of Isoprene

U Isoprene is the most abundant non-methane
hydrocarbon emitted into the atmosphere.

J Approximately 500-750 Tg of isoprene are emitted by
vegetation each year, with roughly 10% removed
J globally by reactions with ozone. Eoe Q _. 23%

Criegee
Intermediates
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lR SpECtra Of MVKO C.-A Chung and Y.-P. Lee, Commun. Chem. 4, 8 (2021) |

» Fission of the terminal allylic C—I bond rather than the central vinylic
C-l bond.

» With O, at 35 Torr, the Criegee intermediate syn-trans-MVKO was
observed; the syn-cis-MVKO might contribute slightly to the observed
spectrum.

0 hv +0, r

» With O, at 80-347 Torr, 2 fy —> }3‘* — \Z'AY‘“‘ T
the reaction adduct 3- o?% y 7
iodo-but-1-en-3-yl
peroxy [C,H;C(CH;)IO0]
radical was observed.

tr . 09

x\AbS.HOIS
=Co N s O N B
IIIIIII IIIII
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MACRO in the Laboratory

dIn laboratory studies, MACRO has been produced in the photolysis of
1,3-diiodo--2-methyl-prop-1-ene, CH,IC(CH;)CHI, in the presence of O,.

(1 Proposed reaction scheme: CHZC( CHI2

1 2 —]

hv et —_—
|/\|/\| i /\I/ — |

(E)-1,3-diiodo-2- (E)-iodo-2-methyl- 3-hydroperoxy-3-iodo-2-
methyl-prop-1-ene prop-1-en-3-yl methyl-prop-1-ene
(E)-CH,IC(CH;)CHI (E)-CH,C(CH3)CHI +0 CH,C(CH3)CHIOO
=2
(1a) (2a) — 5 (4), 6 conformers
<1.6> <0.0> <2 6>
+

\\K\ hv KT,/’ /\’/\/ .
I >
—1] —

3-hydroperoxy-1-iodo-2-

(Z)‘1 ,3'd||0d0-2' (Z)-IOdO-Z—methy|- methyl_prop_‘] -ene
Dy Ol COHICHI  (ZL O CCHaCHI NS
-CH2 3 w2 3 (5), 2 conformers
(1b) (2b) <0.0>
<0.0> <1.5> -

I Mechanism requi

res verification
| | '

kcal mol!
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H
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7 .‘
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[ 1 "
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Summary of IR Spectra of MAC[ Cai, Su & Lee, Commun. Chem. 5, 26 (2022)

» Fission of the allylic C-I bond rather than the central vinylic C—I bond.
» With O, at 20 Torr, the Criegee intermediate anti-trans-MACRO was
observed; the syn-cis-MACRO might contribute slightly to the

observed spectrum.

2 & o\
» With O, at 86-346 Torr, r‘%‘j‘ QJ*, ,i;l. + ag ,@3 -
the reaction adduct 3- ? ) F' D)

hydroperoxy-3-iodo-2- [ |
methyl-prop-1-ene 4 ] @ EHCCHICHI () [ .

[CH,C(CH,)CHIOO] &

3-hydroperoxy-1-iodo-
2-methyl-prop-1-ene

[(CHI)C(CH,)CH,00]

were observed.
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Resonance Stabilization of MVKO & MACRO

anti-trans- | syn-trans- syn- anti- Ty B
MACRO MVKO[2!  |CH,CHOO! CH3CHOO['°1( )2 g /})Lo-
/C—C\

ne pio
r(0-0) /A  1.365 1.353 1.380 1.381 1380 =X v T e
r(C-0) /A 1.266 1.297 1.284 1.279 1.270 o
v(00) /em™ 917 948 871 884 887 " o v oo
[a] Bond distances predicted with the CCSD(T)/cc-pVTZ method; J. Phys. H_}_:gc - H_C>C=:,c
Chem. A. 2020. [b] Bond distances predicted with the NEVPT2(8,8)/aug-cc- s - R

pVDZ method; Nat. Comm. 2015, 6, 7012. [c] Bond distances predicted
with the B3LYP/aug-cc-pVTZ method; J. Chem. Phys. 2016, 145, 154303.

(a) (CH;),COO

b. Anti-CH,CHOO

a. Syn-CH.CHOO

an

b b T
JJJ\‘! I! \ Ik '| fL JUU .Jl Lﬂ “‘J'A sh LA a'r, Al ~.-L.:ﬁé.fr.._1u,hj l,(uJ,-,,L,-lf"fL.-mmA:Ji, .U.!,.ﬂ_!;Li.,sh,,/n.-;é!bﬁ,,lJ]L,,L{ [V YW | A mseinn . PR T Y

|(c) Frontier orbitals

molecule

node=0

syn-
trans-
MVKO




Step-scan FTIR | Gas phase
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€H,00 + HC(O)OH T TR

2
%HZOO + HCI4
H,CHI Jr\%

y/m .
‘ ‘\mlw

N

CH, 00 + C%S(O)OH
CH,O0 + HNO, "PEA 126 5738 (3035
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1. Reaction of CH,00 + CH,C(O)OH

conformation-dependent reactivity




PES of the reaction CH,00 + CH,COOH
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i
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(FAA, CH,C(O)OC(O)H




|Identification of groups C & D to HPMA (P1 & P2)
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Decay of HPMA and Rise of FAA

Integrated Abs. / 1072

o HPMA trace
() FAA trace

—— HPMA fitting

— FAA fitting

(P1)

HPMA (P1)-> FAA + H,0,
HPMA (P2) > FAA + H,C

HPMA , FAA




2. Reaction of CH;CHOO + HCI
conformation-independent products
interference by secondary reactions

CH,00 <+ HCl




PES of CH,CHOO + HCI

| Y ;.-‘-;.J-i,;:‘iﬂ-kuln.-k‘l Al Jll TS ,L'Ll, ek '1‘1‘1 i 'lj‘{i b e
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entification of group B: anti-CEHP
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CH CH@ + HCU
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High-resolution QCL Absorption System

Herriott Cell
Tunable CW
QCL I % Ge Eta|0n MCTl --------..--------Eu
Enable trigger out
To DAQ trigger PA Cell In ) 0
: P e T
Pulse/Delay 2 4 v = . S
Generator | | 000 Bciiiiisecscccssssssssases s Ref. = - 2 A N
VYV v A :
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|1
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éTrigger in A A
‘ Excimer ‘
Laser , \ :
« . (AC)z =
Herriott Cell /™ npro P2 :
21 or 49 passes (;(;)m"
L=16.20r32.1m
Tunable range: 880-932 cm™ Line width : <5 MHz (over 100 ms)
1330-1260 cm™* Laser scan steps (min available): 0.0015 cm™
Average power 40 mW
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Spectrum of CH,

10 :.(a) Resolution: 1 cm™

OR=

8 ~ (b) Resolution: 0.25 cm B

A Absorbance / 10
N
%—

O : : . .
30 (c) Resolution: 0.0015 cm
20 +
10 | | |
0
e e i
930 920 910 900 880

Wavenumber / cm’’

(vg) at 0.0015 cm™

Science 340, 174 (2013)
CH,I,/N,/O, (1/20/760) at 94 Torr
[CH,00], ~ 4x10%3 mol/cm3

340 K (ss-FTIR)

J. Chem. Phys. 142, 214301 (2015)
CH,I,/N,/O, (1/389) at 15 Torr
[CH,00], ~ 5x10*2 mol/cm3

343 K (ss-FTIR)

PCCP, 20, 25806 (2018)
CH,1,/O, (1/30) at 3.2 Torr
[CH,00], ~ 1.2x10*? mol/cm3
298 K (QCL)
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 Rotational Perturbations -

i 1 1 Lo | 1 | | | |
} -JJ_ Hoo Ml s A pn o st BL o Tk 0y Al J M. . N L | | 1

257, 1° L (a) Resolution: 1 cm” ' : Science 340, 174 (2013)
= 2 st Y
I @
Q 202 ot l
= © ' . ; : . ! 5 : ; ; " ; : i ]
£ aF = =
e : § 8 I (b) Resolution: 0.25 cm I : 31 JCP. 142, 214301 (2015)
88 ? < 4r I [
oS =
-eg 1.0 0 ; i ol _‘_l ; i ;
8’6 1 930 920 o~ = 900 890
_c:_g O_g B — - - IVYav?nu!mpericm‘ ; | | ’
<< 'EW J ’ | R LA BRIV T I 0 LA O DTRBAT all © AL BT —ellbdU
0(5){: : 2.5 (a) Experiment )
0 e “‘é 2.0
- 8 151 Al |
%0 1 % 1.0 i
ge 011 Tost DA IRLAALAUA LAk v
"""‘E.-I 14 o_o;mu \AJU -
-"F',;x% PO 101 = 0'0_. L I Ul Q 25& 19(26)
E%‘I?—‘Q'I 8 °%1
= e Do i2 e
- g ] 3 11
2 L 15
20 ﬂt{b? =, (b) Simul t-4 TR ESCL B # 3 1 : ' '
ang g .y imiration 4= — Q073 :
9090 " 9085 " 9080 9075 " 907.0 % ggf@

Wavenumber (cm ™) u}:é
&

e U AL AR s Ltk s At b s i R 0 it At et ekt et ot it am st s ol i



Analysis of Perturbation

Interaction between levels K, = 6 of mode vg (O—0O stretching) and levels K, = 8 of mode vz (CH,-wagging)
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w ]
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i = 8 Red shift
-0.15

30 32

34

V6, K, =6

Vg, k,=8

= Vg0 + (A6—Be) K + Bs X J'(J' + 1)

Vgo + (Ag—Bg) K& + Bg < J'(J' + 1)

where B = (B +C)/2

Vo = 909.20995 cm-!
As = 2.5828784 cm™
Bg = 0.384336 cm™

vg o= 847.095 cm-"
As = 2.576 cm™!
Bg = 0.38587 cm™?
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g X a =17 AE ¥ a?
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Detectivity of C ]2 00

»> Welz et al.
T=2ms
[CH,I], = 9x10*! molecule cm™

» Our FTIR work

T =50 us

[CH, 1], = 4x10** molecule cm™3
detectivity = 2x10'? molecule cm-3

» Our QCL system

CH,l, = 7.6 mTorr
(2.4x101* molecule cm™3)

O, =3.2 Torr
[CH 0O0] = 1.2x10*? molecule cm™3
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Min. detectivity = 1.1x10%° molecule cm-3
~200 times better than FTIR
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| IVI/ UV laser
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| Formation rate coefficient | _ Self-reaction rate coefficient |

[MVKO], / 10*? molecule cm™

= @
< = 1.09 = 3.15 = 0.90
S | D
= 1 O,/ 10 molecule cm™ 3
D o 0.67 o
= 34 o 1.29 r S
& 1.95 ‘ -2
O « 2y #* 2.59 - A
o = 100 200 g
Time / us =
=
1.04 o this work - 400 500 600 700 800 900 1000
— 1 2 Caravan et al. Time / us
—-—-—_-—_0.5_ - 40 e | RN I S R A A L o 3o 3 3 3 33 31 L o 3 3 3 3 3 3 33 Lo o o 5 3 3 3 33 -
— o ; :
< 35 -
® ; :
= ] o
S 30 2
004 = . . . S : A :
0.0 0.5 1.0 1.5 2.0 5,25 3.0 £ 254 x
O, / 10'7 molecule cm™ "’g : ‘}‘& A A\ 2 :
o 207 5 os—— 3
C . = : 2 = £ A - a &
aravan et a 2 45 st A E
13 3.1 n n x§ 1‘0_5 kee/107'% em® molecule ' s E—
koz/lO cm>s 2.810.3 1.7x0.1 ] & 192034, model fit :
0.5 Frrrrrrrr U— S— P— S—
0,/ 10%* cm3 3.6-29.1 0-1.2 1 2 3 4 S ©
Cara hﬁll c.Nat. Acad, Sci. ﬁ]r1797332
. ql] Yﬁ ieLfFl JJ jl:‘) 1(?|| '“L' L8 m,,ﬂ, dbp '*Lk§ IR ﬁi ,t,,,'im ' ‘(E'.l LA B Mot bt il adoands




79

Step-scan FTIR & QCL mrenmreremrssesT o
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Transient Infrared Absorption Spectra of Reaction Intermediates Detected with a

M 0 I_ E c U LA R A N D LAS E R Step-scan Fourier-transform Infrared Spectrometer
Yu-Hsuan Huang.? Jin-Dah Chen,* Kuo-Hsiang Hsu,® Li-Kang Chu®* and Yuan-Pern Lee™*
SPECTROSCOPY i : :

Advances and Applications

JELLEERN Step-scan FTIR techniques for
Investigations of spectra and
dynamics of transient species in
gaseous chemical reactions

CHAPTER
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Future Perspectives
para-H, matrix isolation
O Fundamental understanding of hydrogen diffusion/tunneling
» Detailled mechanism
» Anonymous temperature behavior
» Spectral (IR) signature of H and H*
d Protonated/cationic PAH
» Larger PAH (evaporation, new protenation/ionization methods)
» UV-induced IR emission
» |Improved calculations (anharmonic, Fermi-resonance)
1 Hydrogen reactions
» Other hydrogen sources
» More examples of H-induced uphill isomerization/fragmentation
» More prebiotic reactions (RNA precursors, enantiomer-selectivity)
O Electronic transitions

» More data for matrix shifts, relaxation, and phonon interactions
» Real identification to DIB




Future Perspectives
gas-phase transient spectroscopy

d Improved sensitivity of step-scan FTIR in absorption mode

Hardware improvement (light source, digitizer, Herriott cell)

Data processing (2D-correlation, spectral reconstruction, linear prediction)
Supersonic jet or discharge jet

New digitizer (1 us, 20 bit) for kinetics

Al-assisted data analysis

NV V VY

uantum-cascade laser
Improved lasers (fill the spectral gap, wider coverage, mode-hop free)
Built-in wavelength calibration (frequency comb)
Multiplex methods (UV, several QCL)
QCL-based dual-comb (spectral & temporal resolution)
Al-assisted spectral analysis

V V. .V. YN
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