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I. Research Prggram

All of the research problems studied exploited the
matrix isolation method as developed at the University of
California laboratories. In this method, substances are
aqspended in 80lid nitrogen or an inert gas and then studied
spectroscopically. The Berkeley laboratory developed this
technique with emphasis on the infrared spectral region.

At the time of the initiation of this Air Porce support,
the matrix isolation technique was practically new. The
development of the unique potentialities of the method was
significantly aided and accelerated by this financial aid.
The work has been fruitful and a new research method has
been demonstrated for the detection and study of transient
species. Of course, the current importance of the spectro-
scopic study of high temperature reactions makes this work
timely and useful,

Specific novel applications of the method are listed.

First Infrared Detection of Reactive Specles

The detection of HCO is the first definite infrared
identification of any triatomic free radical, except for N02.

by any technique.
Formyl radical, HCO: definite (see publication No. 6).

Nitroxyl, HNO : definite (see publication No. 13).
NH2 or Naﬂa : identification still doubtful
(see publications No. 10, 17).
" CH : identification st1ll doubtful

2 (see publications No. 5, 12).



iso-diazomethane 1 4identification still doudtful
(see publications No. 5, 12).

Ny ! 1dentifioation still doubdt i
\##s publiication Ro. 19).

stry of Reactive Species
The matrix method gives & unique opportunity to study
the reactions of free radicals under conditions where secon-
aary reactions are 1nt;erx'upte'd.
Hydrogen abstraction by CHy & (see p&buoauon No. 2)
Reaction of NH with O, t (see publications No. 3, 18)
Isomerization of nitrous aoids (see publication No. 3)

Chemiluminescence of CZH‘
formed from CH, t (see publication No. 4).

Brimary Act of Photolysis
Because of the inert enviromment, the primary act of

photolysis ocan be learned in the condensed phases. This is
always the orucial reaction in the elucidation of photolysias.
Methyl 1odide and the cage effect:(see publication No. 2)
Nitromethane s (see pudlications No. 11, 13)
Methyl nitrite 1 (see pudlication No. 13).

en Bondi
Narrowing of bands of hydrogen bonded polymers gives
this method power to segregate the infrared spectra of polymers

of different size. No other method permits this.
water 1 (see publication No. 16)

Methanol 1 (see pudlication No. 18)
Hydrezolo acid t (see pudlication No. 10).

»



ormyl Radical, HC

The detection of HCO by infrared methods has an historio
significance. Because of the low absorption coefficients in
the infrered, tise only two or thres diatomio free radicals
had been detected earlier (in flames). These were detected mainly
because eleotronic spectrosocopy made possible acourate pre-
dictions of the absorption frequencies. Diligent search in
this laboratory and others for cviden;o of NH, in flames was
indecisive. The matrix isolation method was developed in
this laboratory to meet the need for a new approach.

Formyl was produced by photolyszing hydrogen iodide, HI,
in solid CO. The identification was verified by detection of
both infrared and visible absorption of HCO (see publication
No. 6).

Diagomethane, CH.N.i A search for CH,
On photolysis, diagzomethane decomposes to form cuz and

the stable "2 molecule. It seems to offer a unique oppoftun-
ity to form cﬂz under conditions that will permit storage

and leisurely speoctroscopic study of this interesting moleocule.
Diagomethane was suspended in "z and in Ar and photolyzed

in _situ at 20°K. The products were shown to be distinguishable
from the stable produots obtained from photolysis of the pure
material, either gas or solid. Infrared and visible ultraviolet
spectra features were detected which could be assigned to
unidentified, presumably unusual molecular species. A thpmo-
luminescent vicD? was observed for the first time. Specles
which could contritute to the speotra include methylene, CH,,
and an isomeric form of diasomethans.. The thermoluminescénce
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was assigned to exoited CoH, formed on diffusion (see pudlica-
tions, No. 4, 5, and 12).

Nitroxyl, HNO .
Both nitromethans and methyl nitrite were photolyzed

in solid argon at 20°K. For the first time, methyl nitrite
was identified as a photolysis product of nitromethane, both
in the matrix and in the gas. Nitroxyl, HNO, was deteoted
in the infrared and identified for the first time (see
publications, Nos. 11 and 13). |

Hydrazoioc acid, ma

Photolysis of BNS is expected to produce NH, yet it has
never been observed directly. In solid nitrogen, adaorptions
develop but they are surely not caused dy NH. Evidence is
considerable that the photolysis produces either m-l2 or "z“z'
though which is not yet clear. Neither species has been
definitely identified in the infrared region (see pudlications,
Nos. 10 and 17). ‘

In addition, these experiments and others led to a
tentative infrared identification of Ny. Subaequent work has
not provided confirmation of the assignment, though it is
generally postulated that a nitrogen atom suspended in solid
nitrogen forms some sort of & complex N-Ny (see pudlication,
No. 19).

Nitrous Acid, HONO ‘
' The photolysis of hydrasoic acid, HMy;, in s0lid nitrogen
containing & small amount of oxygen, produces nitrous aoid,
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HONO, in both gig and trans forms. This was the first report
of this reaction of the radiocal NH.

NE + O, = HONO

It was discovered that near infrared irradiation of the argon
‘suspension of HONO results in a conversion of ¢is-HONO into
$rans~-HONO. The reaction can be reversed by ultraviolet
irradiation. This was the first report of an infrared-induced
isomerization. This novel reaction is still under study

(see publications, Noaw 3 and 18).

- Rydrogen abstraction by methyl radicals
The photolysis of 0331 in so0lid nitrogen provides a

source of methyl radicals with known energy and controlled
environment. Various substances have bdeen included in the
matrix and Qquantitative study of the reactions that occur has
been carried cut. The chemistry of the methyl radiocals shows
that they react as do methyl radicals at 2000°K. The effect
of the matrix cage is examined (see pudlications, No. 2).

IXI. Personnel

in addition to two faculty personnel, the project has
involved the research activities of two poat-dootoral students,
nine graduate students, and one undergraduate student. 7The
thesis titles of the graduate studentswh partiocipated are
listed. '



t sonnel

Dr. George C. Pimentel, Professor .
Dr. Bruce H. Mahan, Assooiate Professor
Pogt-doctoral peraonnel
' Dr. Sydney Leach
Dr. Warren Thompson

uate student sonnel and present ogoupatio
John D. Baldeschwieler, Instructor, Harvard University.
C. David Bass, Atomics International, Canoga Pu-k. Calif.
George E. Ewing, Jet Propulsion laboratory, Pasadena,
Calif.
Harmon W, Brown, Varian Instruments Co., Palo Alto, Calif,
Theodore D. Goldfard, Assistant Professor, New York State
University, Oyster Bay, New York. )
Ivan Haller, IBM, Poughkeepsie, New York.
James Hanlan, graduate study not completed.
Dolphus E. Milligan, Research Scientist, Mellon Institute,
Pittsburth, Pa. '
Mathias Van Thiel, Univerdty of California, Radiation
Laboratory, Livermore, Calif.

Undergraduate student personnel

Gerry Rollefson

Thesis titles
John D. Baldeschwieler (1959) "The Structures of Unstable

Compounds by Matrix Isolation Technigues."
C. David Bass (1961) "Photolytic Processes in Solids."

-



Harmon W. Brown (1958) "A Study of Photolysis at Extremely
low Temperatures.®
George B. Bwing (1961) 'smtro-copio Studies of Substances
at Low Temperatures."
_.Theodore D. Goldfard (1959) "Spectroscopic Studies of
_Diazomethane and its Unstable Photolytic Products.®
Ivan Haller (1961) "Matrix Isolation Studies Using Far
Ultraviolet Photolysis and the Structure of Some
Unstabdble Molecules," |
Dolphus E. Milligan (1958) "Spectroscopic Studies of
Reaction Intermediates at Extremely low Temperstures.®
Mathias Van Thiel (1957) "Matrix Isolation Studies of
Reactive Molecules.®
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71, "e Infrared Spectrum of Solid Cu-bon ply2ee 1 Ped.
Monoxide,"® by G. E. nwmg and G. AD 254 304 " 1961
Pimentel, J. Chem. Phys. (sin prou}

‘/ *Hydrogen Abstraction from Hydrocarbonds Not—yet 31 Mar,

1960

3.

A

by Methyl Radicals from the Photolysis assignsd 1961
of Methyl Iodide in Solid Nitrogen,® by ArFpoSK/0C7
C. D. Balﬂmz ct Pmntel. Jo NI. u.AD &74,777

Soo.
TACS P35 a5 3958 Sepitel
% Fosﬂ Tv—

*Light-Induced c¢is-trans Isomerization of/80-1018 31 Aug.
Nitrous Acid Form Photolyaia of AD 2463 58 1960
‘Hydrazoio Acid and Onrgen in Solid

Nitrogen, " by J. D. Baldeschwieler and

G. C. Pimentel, J. Chem. Phys. 33,

1008-1015 (1960).
*The Chemlluminescence of Ethylene Aéﬂ‘ﬂeo-mz 10 Fed.

Formed Probably from Methylene in an 2333 b8 1960
Inert Matrix," by T. D. Goldfarb and HP

G. C. Pimentel, J. Chem. Phys. 33.

105-108 (1960).

"spectroscopic Study of the Photolﬁa efw’

Diazomethane in Solid Nitrogen," 9-991 25 Sept.
T. D. Goldfarb and G. C. Pimentel, Y3 1;,1474,05’ 1959 .
An. Chem. Soa. 82, 1865-1868 (1960).

"Infrarcd Detection of the Formyl Mo"%o-us‘l 1 Nov.
Radical, HCO," by G. E. Ewing, W. E. AD A28 570 1969

Thompson, and G. C. Pimentel, J. Chem.
Phys. 32, 927-932 (1960)) see also
Ermt‘ﬁ’; Jo Chemc Phy’- 22) 1%7

(1961). y o
B i, B TS0 " I
859-965" (1960). Fhvs. 22 | AD Q37420
Pme Perturbation of Molesular 0 Kgoooso 2 Seggt.
mstribut%on Funotions by Mon AD A albob 9

Reaotion’ 7 ° . m' J .
Phys. 32, 362 (1960),
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V( Chapter IVs Radical Formation and None
Trapping in the Solid Phase, by Q.
C. Pimontol in "Formation and Trape
ping of Free Radicals," Edited by

Press, Inc., New York (1959).
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Matrix Isolation Studies, Infrared ,cosf 89-223

Spectra of Intermediate Species ADRII 805
in the Photolysis of Hydrazolc Aciq, ‘
II," by M. Van Thiel and G. C.
Pimentel, J. Chem. Phys. 32, 133~
140 (1960). ==
9 ,
1859 oo

$
\/11. *Formation of Methyl Nitrite in the p\éo §9-268
Photolysis of Gaseous Nitromethane," ~ 2124069
by G. C. Pimentel and G. Rollefson. AD

1958
. Rt

v12. "Matrix Isolation Studles: Possible ,¢0° 58-818
Infrared Spectra of Isomerio Forms 5 643
of Diazomethane and of -Methylene, Adzo
CH,,"™ by D. E. Milligan and @. C.

Pifientel, J. Chem. Phys. 29, 1406«
1412 (1958). -

N

\/ﬁ. "Photolysis of Nitromethane and of pro,Sesa-us
Methyl Nitrite in an Argon Matrixs AD |5 8232
Infrared Deteotion of Nitroxyl,

HNO," by H. W. Brown and G. C.
Pimentel, J. Chem. Phys. 29, 883«
688 (1958). -

»44. "mMe Promise and Problems of the 17-
Matrix Isolation Method for Speo- AFosK4 308
troscopic Studies," by G. C.

Pimentel, Spectrochimica Acta 12, '
~ 94-96 (1958). - e

Vg ®"Roaction Kinetics by the Matrix ‘ 5@ 87-328 Ir

Isolation Mothods Diffusion in AD /32¢0/Qr)

Argonj g*g-t ns Isomerization of
Nitrous Acid, y G. C. Pimentel,
J. Am. Chem. 800, 80, 62-64 (1988),

28 Fed.
1959

28 PFed.
1959

10 8Sept.
1958

10 M
1958 -

18 June

1887
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“18. "Infrarod Studies of Hydrogen Bonding  87=328 Z June
of Water by the Matrix Isolation A 3240l é) 1987

Technique,” by M. Van Thiel, E. D.
Becker, and Q. C. Pimentel, J. Chem.
Phys. 27, 486-90 (1957).

o 17. "Matrix Isolation Studiess Infrared
Spectra of Intermedlate Species 1n
the Photolysis of Hydrazoic Acid,"
ty Eo Do BOOKOI“ Go CO Pmentel, &m
M. Van Thiel, J. Chem. Phys. 26, 148~
50 (1957). -

o 18. "Infrared Studies of Hydrogen Bonding
of Methanol by the Matrix Isolation
Techniques,” by M. Vvan Thiel, K. D.
Beclker, and Q. Pimentel, J. Chem,
Phys. 27, 95-99 hss? ).

%19. *Infrared JAbsorption by the N
Radical,” by D. E. mni%an
BI'OWII. BM G. c. ‘o
Phys. 28, 1080 (188



