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ABSTRACT

The 1849 2 photolysis of 3,3,3,-trifluoropropyne
produdes trifluoromethyl and ethynyl radicals.in the
primary process. No evidence of a long-llved exclited
intermediate state was ohserved.

The only volatile product formed 1ln the photolysis
of neat CF5;CzH is 1,3,5,-tris'(trifluoromethyl) benzene.
" A brown polymeric material is also formed during the
photolysis.

Secondary reactions of the CF; and C:H radicals
were investigated by the additlion of propane and nitric

oxlde to the rezction system.
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INTROGDUCTION

Photochemistry of Unsaturated Comgodnds.

Over the past few decades the photochemistry of simple
alkenes has been extensively researched but only recently
have the major primary processes been well understood. In

12

the case of ethylene ’  five modes of decompositiovm have

been identified.

H |
CHp=CHp + hv «——> C=C: + H, 1)
) H \ B /?
H-C=C-H
g ///ﬂ -
C=C: + H* + H- 2)
- A
H-C=C-H + H, 3)
HC=C-H + °*H + H. )
\H_ H
C=C. + He 5)
B .

Process 5 is not very important compared to the others.

The vacuum ultraviolet photolysis of propylene3 produces
methyl and vibrationally excited vinyl radicals by the
following reactions: | |

CH,-CH=CHp + hv ——> °CH; + +CH=CH," 6)

-CH-_—CH?_* > H-CZCH + H» 7)

Molecular elimination of hydrogen by reaction (8) is also
relatively important.

CH3—CH=CH2 + hv ——— Hé + CH2=C=CH2 8)



Other less important processes'also occur,
An early study of the photolysis of isobutenebr gave
evidence for two modes of decompositionf |
(CHy),C=CH, + hv —> CH,C(CH3)=CH, + H* 9
 ——> CH3 + CHy-C=CHj 10)
Other alkenes have been photolyvzed by Poole and
Anderson5 with the radical oroducts identified in situ by
electron spin resonance, Thése studlies were perfofmed in
the solid phase at 77°K and the reactions may or may not be
vaiid for gas phase pfocesses. It was~found that mosf of
the alﬁenes studied exhibit C-H and C-R bond breakage only
at the carbon atoms one removed from the double bond, where

R is an salkyl grodp.

R HEH R H
t iy ,R I | ’R
R-C-C-C=C + hv ——> R—C—C—C:C\ + He 11)
P *R ‘o R
R R RR
RHH
i 1 ,R
—> R-C-G¢-C=C_ + °*R 12)
A ‘R
R

In comparison to the alkenes, little photochemidal

research has been done on the alkynes and in the case of
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acetylene, the little that has been.reported proves to be
contradictory at best. |

Le Roy and Steacie6 studied the mercury photosenéitiz-
ation of acetylene and from thelr results it was postulated
that the primary process was free radical in'nature. Later
work by Zelikoff7 appeared to indlcate that both a free
radical mechanismbénd aﬁ excited molecule reaction were
operative in the photolysis of acetylene with 1849 8 radiation.

H-C=C-H + hv(1849 &) ———— *CH + H- 13)

> C 2H2-"- ’ 1h)

Reaction (1ly) was thought to lead to polymerization,

02}'12" + 02H2 - >CL}.HLL" etc 15)
Chain termination could occur by reactions similar to the

following:

-ChH&* + CpH, > Cgly 15)
Such a mechanism could account for the benzene observed as
& product. |
It was further postulated that the ethynyl'raéicals

produced in reaction (13) combined to form butadiyne.

2.CoH : > CpHp - 17)
The need for a third body 1n reaction (17) was not
considered. .
Further evidence for the free fadicai mechanism in the
mercury phdtosensitized reaction of acetylene was found by

Sherwood and Gunnings.‘.lt was felt that most of the results
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could be explained by collision of a triplet mercury atom
with an acetylene rmolecule to form a aydrogen atom and an
ethynyl radical,

Hg6(3Py) + CH, ———> Hgh(1s,) + He + .Co  18)

272
3., Shida et al.9 attempted to resolve the mechanism of

gcelyleue decomposlticn by nhotosensitizing deuterated

ct

acetylene and studying the deuterium distribution of the
benzene products. Both an excited state and a free radical
mechanlsm were agéin proposed. The free radlcal mechanism

was that proposed by Mains.lo

He + Colly —————> -Cply 19)
:CZH3 + CZH2 -—-~~-~—~—~—~"->_°C)4H5 20)
*CyHg + Coll, ——————> *Cgl, 21)
'06H7 : ————> (g H, + He 22)
The above mechanisﬁ is analogéué to ;he formation of
‘benzene in the nethyl radical(ll) and the chlorine atom(12)

initiated polymerlzation of acetylene.
Shida's attempt at . distinguishing between the free
radical processes and the excited molecule‘neactions was

13" demonstrated that all the

showﬁ to be invalid. Le Roy’
results obfained by Shida could be explained solely on the
basis of a free radical ﬁechanism. " In a subsequent paper
by Shida>lu it was conceded that the orliginal data could

not distinguish between a free radical and an excited molecule

process and that both were possible.
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At the present time there remaln unanswered questions

as to the primary process of acetvylene photolysis and

‘photosensitization. Much of the confusion probably derives

from the fact that the various‘studies often-utilize diff-
erent light‘sources and the thtochem1ca1 processes observed
may in fact nét be the same,

The only other alkyne of)any significance to be studied
photochemically is propyne. Two studles have been done,
both employing E.S.R. techniques toyidentify the radical

15

products in the frozen state., Volman et al, photo—

sensitizing'253? 2 light and PooleS irradiation with light

in the range 2500 - 3800 % identified the propargyl radical.

It was found to have two resonance structures:

*CHp-CEC-H  <—> CH,=C=CH 23)
Evidently the primary proceés {n the photolysis of propyne
1s cleavage of the P C-H bond, similar to most alkenes.
By replacing the f hydrogens witﬁ“less‘labile fluorine
atoms it i1s hoped that breakage of the P C-F bonds will be
restricted and that other moaes,of decomposition can be
observed. Accofdingly the photochehical characterisfics

of 3,3,3,-trifluoropropyne were studied. .

Reactions of Unsaturated Free Radicals:

Since the primary products from the photochemical
reactions of unsaturated compdunds are often unsaturated

radicals, a short description of vinyl and ethynyl radical

‘reactions 1is presented below,



vinyl radicals the following reactions have been observed.

In comparison to the amount of quantitative data
available concerning the reaétions of alkyl radicals, very
1little 1s known abdut the reactions of vinyl and ethynyl
radicals. 7The problems that ariée In the investigation of
unsaturated rédical reactions can generally be attributed
to the difficulty iIn obtaining clean radical sources and also
to the ?roblemé assoclailed with scparating the alkene-alkyne
product mixtures. However,development of compounds with more
efficlent separating qualiﬁies for gas-li@uid chromatographyl6
has eased the latfer problem somewhat. From the few studies
performed on the reactions of vinyl and ethynyl radicals, it
appears that these radicals undergo essentially the same
reactions as alkyl radicals; namely disproportionation,
abstraction, and addition. In the case of unsubstituted
' ‘ 17,18.

ZOCZHB _~—_~;§'.CMH6 combination 2h)
——— CZHZ + CZHh dispropprtionation 25)

*CoHy + CZHM > «C)H, addition 26)

-Oswald et a1.19 observed that substituted vinyl radicals
abstracﬁed hydrogen from thiols, |

Ph H ' Ph H

c=¢ " + RSHE —»  C=C_  + RS. 27)
Y SR H” SR
Sherwood reacted vinyl radicals, produced from the

photolysis of divinylmercury, with hydrocarbons and obtained

ethylene.



H,C=CH + R > O + R 28)
At the same time, the yield of Cuﬁé decreased as the
combination reactions were. suppressed.
Reactions of various vinyl radicals with nitric oxide
have been studied by Sherwood and Gunninng'aﬁd it was

postulated that the follbwingAmecbanism could account for

the results,

X, Z X, 7z X, _z
_C=C, + NO — C= —s C-C
Y Y WO Yo
0O-N
X\ /Z X\
C-C 3 C=0 + ZCN
Yo n V4l 29)
O-N

X,Y,z, are-fhe substituents of the vinyl radical.

Gunning's group22’23 has extensively studied the
reactions of ethynyl radicals and it appears it undergoes
many of the same radical reactions as alkyl radicals as well
as a number of qharacteristid ones. For instance the ethynyl
radicél‘abstracts primary; secondary and tertiary hydrogen
from alkanes much like alkyl radicals do but with generally
less selectivity., Apparently the activation energy for
hydrogen abstractlion by ethynyl radicals is lower than for
alkyl radicals, |

Whereas alkyl radicals tend to combine relatively easily,
combination of ethynyl fadicals does not aépear to be a very

important process except at high radical concentrations.
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Unlike many other radicalsﬁethynyl radicals were found
to be _:non reactive towards nitric oxide.

A characteristic reaction of ethynyl radicals is the
displacement of substituents from acetylene compounds?Q;\
For example

*CoH + C2HBJ‘ —_— Cuﬁz + Bre 30)

Additions of ethynyl radical to various alkenes 23]
have shown that the ethynyl radical attacks the olefinic
bond to give an ethynyl-substituted alkyl radical, whiéh

cleaves at the carbon atom adjacent to the radical site.
- _

|
H-C-G=CH, + R~ 31)
t H

, - C
H / 2
H I

. H
“C=C-CH_R +<CoH > HC-{-CH,R —> H-C-G=CHR + H® 32)
w 1T 2 + H 2 § ﬁ
In i1 T - LI 8 ¥
o |
_C=G-CH,R + .H - 33)
HC, H

With a knowledge of the types of photochemical reactions
characteristic of unsaturated compounds, the reaction mechan-
isms operative in the photolysis of 3,3,3,-trifluoropropyne

were more easily understood,



EXPERIMENTAL METHOD,

Apparatus and Procedure:

The apparatus used in all experiments was a vacuum line
entirely constructed of Pyrex except for the reaction system
which was quartz. This ap?aratus had facilitlies for gas
storage, reactant.measurement, vapor phase photolysis,
product distillation, product measurement, gas chromato-
graphic analysis, and product collection, These specialized
facilitlies were interconnected to allow cuantitative and
efficient handling of the volatile materials,

Evacuation of the appératusvto a pressuré of about 10'6
torr was achiecved by a large single-stage mercury diffusion

punmp backed by a mechanical 0il pump (Precision 3cientific Co.,

Model Number 25).  Situated betuween the diffusion pump and

the mechanical oump was a removable trap immersed in liguid

nitfbgen to proteét the latter pump from evacuated contemin-
ants. In addition another mechanical pump {Precision Scient-
ific Co., Model Number S-3g) was connected to selected parts
of the apparatus,lincluding a portable hoze attachment, so
that various operations requiring only partial evacuation
éould be performed.

A four-stage pilrani vacuurn gauge (Edwards, Model Nuﬁber 9}
was used to monitdr the pressure at various points in the
apparatus.

Four gas storage flasks were connected to the main

PR

vacuum line by Veeco metal valves. The valve input and



- 10 -

output ports'were connecfed to the pyrex line with glass-
Kovar.joints., Each flask was equlpped with a mercﬁry
manometer and a cold trap.
To keep to a minimum th; amount of reactant required,
the reactant measurement facilites were sltuated adjacent
to the storage flasks and consisted of a manometer and a
- modified gas buret (G.B). A typlcal measuring procedure
was as follows. The vacuum line connecting the storége
flasks,Agas buret, manometer, and reaction cell wuas evacuated,
float valves were closed, mercury was raised to level ( A )
just below the right port of the buret and the mercury level
was ralsed in the ieft side of the buret to the desired
volume mark., The telescope of the cathetometer (Precilsion
Optical Co.) was situated at a position for the desired
pressure reading. The storage flask valve was slowly opened
until the gas filled the buret to the desired pressure, as
fseen through the telescope, at which time the valve was
closed. The pressure was then recorded along with the volume
of the buret. The right port of the buret was then sealed
by allowing the mercury level to rise in this side to the
horizontal section ( B ). At this stage of the operation
a known volume and' pressure of reacpant has ‘been isolated
from the original stored sample. The reagtant left in the
line was condensed back Into the storage flask. The valve
on the flask was then closed and valve (C) was opened. The
mercury on the left side of the gas buret was pulled down

‘by the roughing pump, allowing the measured reactant to
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diffuse through the Corning medium grade glass sinter (D).
This sinter readily allowed gas to 3iffuse through it but
prevented passace of mercury. The arrangement of the float
yalves E and F along with the sinter was necessary to renove
the gas from the buret without havihg mercury forced into
the mailn line. The reactant was then condensed in the
reaction cell and valve G closed., Other reactants could be
measured and added to the reaction cell by the same.method
making possible"any desired combination of gas mixtures.

The procedure for measuring nitrlc oxlde was slightly
different than that descrlbed above because of its vapor
pressure of 70,« at liquid nitrogen tempefatures. After
isolation of the NO in the gas dburet the remaining NO could
not be completely condensed into the storage flask. Hence
" the residual YO/u was allowed to remain in the line as the
measured NO was being transferred to the cell A small
error In the amount of NO -actually entering the cell could
be produced by this procgdure but it was not measureable,

Fof quantitative transfer all other reactants had to
be introduced into the cell before the nltric oxide,

Mixtures-of reactants were allowed to stand in the cell
for approximately 20 minutesvbefore Irradiation was started
to ensure complete gas mixing.

Two Quartz reaction cells were employed in these experi-

ments. Each cell was 1lOcm in length, Scm in diameter, and
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respective volumes of 1463.9ml and 173.2ml. The -volumes of
the reaction chamber included the reaction cell as well as
the space in the line to valve G,

A % inch "O" ring Cajon fitting was used to attach the
~cells to the vacuum line, The transmission properties of
each cell were tested bytcomparing the yields obtained from
vboth cells under identical conditions. There was no notice-
able difference in the ylelds.

Irradiations were performed with an unfiltered Hanovia
Utility Ultraviolet Quartz Lamp 30620 connected to a Sola
Constant Transformer CVS, The laﬁp was allowed to stabilize
for approximately 20 minutes before irradiation of the sample.
The temperature in the reactlon chamber was 25 ¥ 29¢ for all
irradiations. A series of three U-shaped cold traps for low
temperature distillation were situated between the reaction\
cell and the analytical system. These traps could be isolated
from each othef by closing the mercury float valves placed
between the trabs.

The analytical system consisted of a gas buret and
Toepler pump épparatus,_and injection éﬁstem and a gas,chroma-
tograph as shown in Fig, 1 (b). After the product mixture
had been measured in the gas buret it was condensed in the
,1ﬁjection tube (T) ready for anaiysis. Prior to 1njectidn
the mercuryllevels were raised to the positions marked (u)
and (U) in the_diégram. Vaporizing the gas and reversing the

3-way stopcocké.L and M, the helium carrier gas guantitat-



~ 1vely flushed the contents of the tube into the separating
column,

A &Y by 3/16" pyfex column packed with 50-80 mesh
Porapak § was used for all gseparations. Temperature program-
ming the column from OOC to 200°¢C proved to be very effective
for achieving separation of all the products. The retention
times and the elution tewperature of the products are listed
in Table (1). |

An lce-water bath was used for the separations at 0°C
and a furnace connected to an Armaco Voltage Regulator was
used In raising the column temperature to 200°C,

Upon‘elution Trom the column the products were directed
through a Gow Mac Model 2li catharometer connected to a Gow
Mac Model 9999 DI power supply. The catharometer was main-
tainsd at SOOC and the current output of the power sﬁpply.v
at 7.5 m amps. Signals from the catharometer were fed into
a Texas Instrument Co. Servo/riter II Model FS01 6D chart
recorder equip?ed with an attenuator to reduce the signal
by factors of 1 to 1000, |

Helium used as the carrier gaé was dried by passing it
thfough a molecular sieve column., The divided flow was maih—
tained at 50 ml per minute through the reference side of
the detector,

Collectlon of samples for mass spectroscopic or spectro-

- photometric  identification was achleved by the three tréps



-16.

=
=
w
oy
red

Temperature Programmsd

Gas Chromatography

Zlution Time

Temperature Product System
min,
002 6.&
0° ¢ 850 9,0
CZHF 11.2
CFBNO 12.5
Cot, 14.5 C¥43C H
+ O
25° CF4C 21.5
50° CFBCZH 35.0
85° PA 5l.0
Jo )
125 ¢)\H, 61,0
200° 09F9H3 90.0
CzHF 11.2
CFH | 13.0
0]
Q C2H2 16,5 CF302H
| + CBHB
o) .
50 CB302H 36.0
0 ' 4
200° 09F9H3 90,0
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connected to the helium flgw déwnstream from the detector,
The products could then be transferred from the traps to
breakseal tubes or spectrophotOmeter cells,

The GC was calibrated by determining the peak areas of
measured samples of the compound over a rangé‘roughly
corresponding to the range of ylelds obtained in these
experiﬁents. Over this range the molar.response values were
found to be Independent of sample size. Areas were measured
with a Gelman 39321 planimeter. Relative response values
were calculated using carbon dioxlde as a reference so that
corrections could be made for day to day‘deviations in the
catharometer sensitivity. By measuring the daily molar
response value of carbon dioxiae the response values of the
other compounds could be calculated from their relative
. response values. The daily variation in the response value
was less than 5%. | ' |

Examination of the ultraviolet absorption spectrum of
3,3,3,-trifluoropropyne showed appreciable absorption at
wavelengths shorter tﬂan 1950 Z. The only emission produced
by the mediﬁm pressure mercury arc lamp in thls reglon is
the 1849 R 1line. | |

Since nitric oxide has quite a large absorption in
the ultraviolet there 1s a possibllity that phétolysis
of NO by the 1849 R line was initiating a significant part
of the reactlon for the systems with NO added. To eliminate

5

or greatly reduce any nitric oxide absorption in the reaction
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Effect of nitric oxide filter on ylelds in the photolysis

of 3,3,3,-trifluoropropyne in the presence of nitric oxide.

Compound ' Yields (moles x 10'7)
filter with XNO filter without n0

. CEF : L.y - h.6
C2H2 2.5 - o 2.8

CP_Cu 7.6 8.

3o T | 5
.Cth 22,8 : , | 2h .7
PA 18.3 . 15.3

The filter cell had a path length of 2.0 cm, The HO

pressure was 20 torr,
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“cell an auxilliary cell containing NO at 2.0 torr was placed
between the lamp and the reaction cell. 60 minute irradiat-
jons were performed on identical mixtures of nitric oxide
and 3,3,3,-trifluoropropyne when the NO in the filter was
condensed and when it was vaporized. The yields of the
products of the filteredtreaction were slightly lower as

can be seen in Table (2). This effect could be a result of
a reduction in light intensity as well as to a decrease in
NO photosensitization,

Materials:

3,3,3,-trifluoropropyne was obtained from the Penins-
ular Chemresearch Co., The major impurity, carbon dioxide,
was reduced to about 0.1% by gas chromatographic separation.
Another small imourity (about 0.5%) could not be easily
removed by the GC or by distillation,

Nitric oxide obtained from Matheson of Canada Ltd. was
distilled through a 2-methyl butane slush to remove some of
the higher oxides of nitrogen. Besides the above distill-
ation, care was téken in removing the NO from the storage
flask‘by the following method. Prior fﬁ use the NO was
condensed in the flask and the valve opened. The NO was
then allowed to partially vaporize until the desired pressure
in the gas buret was reached; In this way the higher oxldes
of nitrogen'reméined condensed in the storage flask.

Carbon dioxide and propane were obtained from Matheson
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of Canada Ltd. and were used without further purification.

~Butadiyne was preparedﬁaccording to the method of
Georgleff and Richardzh. 4 concentrated sodium hydroxide
solution was reacted with a solution of 1,4-dichloro-2-
butyne and ethyl alcohkol under a flow of helium. The
product was swept out of the reaction vessel and condensed
in a liquid nitrogen trap. . The 1,gy-dichilorc-2-butyne wae
obtained from X and K Lavoratorles Inc.

The other materials required for calibration of the GC

were obtained from commercial suppllers.

Data Presentation:

All the spectra used for product identifications have
been grouped together at the end of the Results section. The
mass spectra have been presented In tabular form indicating
.'the relative abundance of the m/e peaks along with their ion
assignments, |

Yleld data for each system of reactions have in most

cases been presented In tabular as well as in graphical form,
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A. Photolysis of 3,3,3,-Trifluoropropyne.

The only volatile product formed in the photolysis
of 3,3,3,-trifluoropropyns has been indentified by 1its
mass, spectra and its nuclear magnetic resonance sgpectra

as 1.3,5,-tris (trifluoromethyl) benzene
CF
3

CF3 CF3

(Tablelb,fig; 19 ). Besides the benzene derivative a
non-volatile browndeposlit 1s observed in the reaction
cell after irradiation,

] o ] Py 4

» - - (g -
The yleld of 1,3,5,-tris

(oL}

trifluoromethyl) benzene

—~

as a functlon of irradlation tire is presented in Table
{3). The values are only proportional to the molar yield
because the response value for the substituted benzene
could not be determined. Its léw vapor pressure restric-
ted the molar quantities that could be measured in the
gas buret, ~ |
Deposition of the brown substance seemed to be mére
severe at longer irradiatibﬁ times 1ndicating polymer
formation, This material could not be reméved with water

and only partially with organic solvents., The cell had
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TABLE 3
Effect of exposure time on the yield of 1,3,5,-tris

(trifluoromethyl) benzene in the photolysis of 3,3,3,-

trifluoropropyne.

nelative ~aporoximate
Exposure time (mins.) '
. Yield Molar Yields
15.0 280 1.4 x 1072
30.0 375 1.9 x 10™°
45.0 538 2.7 x 3075
61.0 560 3.3 x 1072

The yields are only proportional to molar values because
the relative response value was not obtained., From consider-
ation of relative response values as a function of molecular

weight the molar quantitles are approximately as shown,
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to be cleaned after every'reaction by washing with a hot
mixture of concentrated sulphuric and nitric acid.

B. Photolysis of 3,3,3,-Trifluorooropyne in the Presence

of Provane,

Propane was added to the reaction system as a source
of abstractable hydrogen atoms in order to elucldate the
reaction mechanism. The main products of the photolysis
of CF3C2H in the presence of propane are fluoroformn,

acetylene, trans-1,1,1,4,h,4,-hexafluoro-2-butene, and

1,3,5,-tris (trifluoromethyl) benzene.

H CFy
A trace amount of fluoroacetylene is also formed.

Yields of the products as a function of propane
pressure at a constant éubstrate pressure and a constant
1rrédiation time are displayed graphically in Figs. 2 to 5
as well as in tabular form (Table ).

The non-volatile deposit was considerably reduced in
the reactions done with added propane but was still in
evidence after long exposure times.,

" C. Photolysis of 3,3,3,-Trifluoropropyne in the Presence of

Nitriec Oxide.

Nitric oxide was added to the substrafe to act as a
free radical séavenger during the photolysis of'CF302H.

The main products of this reactlon are carbon dioxids,




-2 -

nitrous oxide, trifluoronitrosomethane, trifluoroaceto-
nitrile, butadiyne, 1,3,5,-tris {(trifluoromethyl) benzene,
and an unidentified product designatéd as PA, A discussion
on the identification of ?A.is presented on page 56. Trace
amoﬁnts of fluoroacetylene and acetylene are also formed.
Yields 6f these products as a function of exposure
time are given‘in Tavle 5. The same results are also snown

graphically in Figs, 6 to 9 and clearly show a linear

dependence at shorter times with a gradual levelling at

longer exposures.

Table 6 and Figs, 10 and 11 show the effect of nitrie
oxide concentfation on the yield of producﬁs for runs of
fhirty minutes except where indicated. In cases where the
exposure time was not thirty minutes the yields were multi-
plied Dby the appropriaté factor. Such a correction is
only feasible for times of leés thén forty minutes because
the yields as a function of exposure time are linear only

in this range.

.Photolysis of 3,3,3,-Trifluoropropyne in the Presence of

992 and NO,

In order to determine the effect of an inert gas on

- the product ylelds in the propyne-nitric oxide reaction,

irradiations were performed with varylng carbon dioxide
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Table g

'Photolysis of 3,3,3,-trifluoropropyne with added propane.

Product yields as a function of

propane pressure,

C3H8 pressure . Product Yields (moleé X 10-7) o
( torr ) CHF - CF3H CoH, (CF3) 2CoH, J:i:l
0.51 1.9 1.7 22.8 63.9 232.0
1.01 2.2 2.9 40.1 82.5
1.98 2.y 3.8 60.3  Bl.2 53.0
3.03 2.9 5.6 79.9 89.7 33.2
3.06 2.9 5.8 7h.0 100.9
5.37 2.9 7.3 79.3 85.5 18.5
7.95 2.9 10.3 81.5 8ly.. 5

10.0 2.7 8.8  75.5 79.5
13.0 2.8 12.0 76.7 75.3

15.0 2,6 13.0 76.7 66.1

# % ylelds are proportional to 10-7 moles and are

approximately twice the molar values.,

#yields are approximate to the actual yields.

Starting pressure of CF3C2H’ 2.51 torr; irradiation time, 60 min.
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Exposure
time
(mins.)
10
10
15
20
20
25
30
Lo
L5
45
50
- 60
65

co

5.9

Te3
11,2
15.1
13.5
20.1
20.9
28.9
35.9
31.8

35.4

53.5
47.3
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Table 5
Photolysis of 3,3,3-trifluoropropyne with added nitric oxide

Product yields as function of

NzO

1.9
8.4
8.9

13.7
8.0

12.0C

10.8

15.3

17.9

19.2

16.3

21.0

23.2

exposure-time,

Product Yields (moles X 10-7)

CoHy

3.6
4.0
5.0
8.3
9.3
13.2
13.3
- 21.5

16.6
2);.8
25.
31.7

GoHF  CF4CHN €5, Ea
3.7 20,0

5.3 10.0 28.3 3.9
6.9 3L4.5 8.8
11.1 51,k

10.6 20.6 52.0 7.l
10,9 23.8 52.8 5.9
13.2  29.3 60.5 13.9
4.9  36.9 72.3 6.0
18.3 38.¢ 83.1 9.8
17.2 77.3 9.2
17.3  39.8 79.0 8.2
19.6 51.2 73.9
20.3  L48.4

92.2 12.3

% Yeilds are approximate to molar quantities.

Starting pressure of CF302H, 5.22 torr;

Starting pressure of NO, 1.05 torr.

2

v

o
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Yield (10~7 moles)

20.¢-

i

20 140 50
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Starting pressure of CFBCZH, 5.22 torr; startine pressure

‘of NO, 1,05 torr. Fig. 7
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pressure. The ylelds presented in Table 7 do not
depend on CO, pressure.

E. Photolysis of CF392H in Presence of NO and Propane.

Propane was added to the nitric oxide-propyne system
to demonstrate competition between the prOpéne and nitric
oxide for the free radicals. To this end, the yields of

- the produdts as a function of propane pressure at constant
nitric oxide and propyne pressure and at constant irradiat-
jon times were determined. The results are presented inb
Taﬁle 8 and in Figs. 12 to 15.

Table 9 summarizes the reaction systems studied and
tabulates the presentation of data. Table 10 1lists the
relative abundances of the ion peaks obtained from the
mass spectra of the identified products. Fig. 15 (a)
and (b) shows the infrared spectra of 1,1,1,h,L,,-hexa-
fluoro—2—butene and the unidedtified product PA, Thesé
spectra were obtained from gaseous samples in a Scm cell
using Beckman IR 12 spectrometer. Figs, 17, 18; and 20
represent thé.nuclear magnetic resonance spectra of
1,l,l,u,u,u,-hexafluoro—Z—butene; compound PA, and 1,3,5,-
tris (trifluérOmethyl) benzene. The proton signéls from
the first two compounds'were not observed because of the

~ small sample quantities.
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Table b
" Photolysis of 3,3,3,-trifluoropropyne with added nitric oxide.

Product yields as a function of

~nitric oxide pressure,

NO pressure Product Yields ( moles X 10'7)

( torr ) CO, N0 CpHF CpHp CF3CN Cqu‘J:j:l PA
0.00 0.0 0.0 0.0 0.0 0.0 0.0 375 0.0
0.06 4.9 0.7 1. 0.9 4.0 146
0.13 9.0 2.0 3.3 2.9 7.5 32.4

¥ 0,1l 5.0 1.5 0,6 1.1 L4,0 5.0
0.19 9,1 2,8 u.s 5.1 8.1 13.3
0.23 12,3 4.0 5.8 6.4 11.2 37.5 21,1
0.27 10.9 3.7 5.9 8. 1l2.hy La.9 16.5
0,37 12,3 5.6 7.3 6.3 1.5 UL7.9 8.2

% 0,5, 143 5.0 L.3 5.7 11.0 5.1
0.57  12.4 7.6 6.y 5.6 16.4 S51.5 6.3

¥ 0,58 15.2 6.2 4.5 5.7 11.7 33.0 6.6
0.78 .7 10,4 6.4 5.8 214 62,0 78  10.3

%0.79 15.3 8.9 6.2 10.2 18.4 L2.0 6.7
1.08 .6 12,1 8.0 4.4 20,3 45.8 8.3

# Exposure time not 30 min, for these runs: the ylelds have
been corrected accordingly.

Yields cited for the benzene derivative are proportional
to the molar values,
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Table T
Photolysis of 3,3,3,-triflucdropropyne with added nitric oxide
and carbon dioxide,

Product yields as a function of

carbon dioxlde pressure,

€O, pressure Product Yields (moles x 107')

(torr) N0 CoHF CZHé CF30N ChHZ . Pa
0.0 1.1 3.8 6.1 2h.6 60.7
1.36  10.7 6.l 7.7 163 3h.6 135
1.27 10.9 5.9 6.7 23.7 72.2 45
2.50  1h.1 5.2 7.9 26.1 55.5 62
2,66 18,6 31.3  65.9 11
5.31 12,9 6.2 8.1  30.5  50.2 18
5.3L  13.0 8.8 28.3 h7.9 31

6.63 15.5 9.8 33.2 59.2 i
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Table 8-

Photolysls of é;B;E?trifluoropropyne in the presence of
nitric oxide and propane.

Product yields as a function of

propane pressure.

CoHg v Product Yields (moles x 10’7)
pressure J
(torr) COp N0 CpHF CpHp CF3CN CpHp CF3H P4

0.0 27.6 15.6 11.j 7.5 27.8 75.5 0.0 29.1 |

1,26 28.8 20.3 5.8 61.9 13.8 72,7 70.8
2,63 25,6 21.4 5.3 115.h 9.6 19.6 58.7
2.65 24.1 19.7 5.3 106.5 11,1 5.8 | 26,9
3.97 27.1 23.1 4.8 160.1 9.6 20.1 57.5
4.01 22,8 19.9 4.8 119.0 9.1 21.1 30.8
5,06 25.2 22,8 L. 142.6 10.3 16.3 51.2
5.35  22.8 18.6 h.2 132.7 8.7 14.8 h0.8

6,30 21, - 22.2 L. 137.1 9.2 12,5 9.0 }41.9
7.65 20.6 23.4 L4.0 132.8 10.1 8,8 10.9 45.8




")4-1"'

30.0

20,0

~

Q

—

@]

=
[\l_

(@]

= D o §,0
T

—

ﬁ "0, 0}

2.0 L.C 6.0

C3H8 pressure (torr)

3C H, 2.51 torr; starting pressure
of %0, 0.52 torr: irradiation time of 50 minutes,

Starting pressure of CF

Fig, 12




Yield (10-7 mole s)

1120,0

- L2 -

160.0}

9 CoHp

@
O
O

i )

! -
2.0 Lo 6.0 8.0
C4Hg pressure (torr)

Starting pressure of CF302H, 2,61 torr; starting pressure
of NO, 0.52 torr; irradiation time of 60 minutes.,
Fig, 13



17.0 C,HF yield

2

o
(@]
20

10-7 moles)

Yield (

4=
.
(@]

2.0 Lh,0 6.0 8.0
CBHE pressure (torr)

Starting pressure of CF3CZH’2°61 torr; starting pressure
of NO, 0,52 torr; irradiation time 4g mins,

Fig. 14



-l -

80.0,

o
o
O

40.0

Yield (10"7 moles)

20.0

L : ‘ 1 , 3 ;

2.0 . }.0 6.0 8.0

C3H8 pressure (torr)

Starting pressure of CF,C_H, 2,61 torr; starting pressure
of NO, 0.52 torr; 1rrad?a%ion time of 60 minutes.

Eig. 15




Reaction

conditions for the various systems studied.

CF.C.H
3+2

CF3CZH
+
NO

CF_C H
342

NO

CF_.C H
3,2
NO

+

CO2

CF.C
EYCE
.NO

CBHB'

Reactlon system

CF4CoH neat

Resctant
pressurse

(torr)

2.61

2.61
0 - 15

5.22
1.05

2.61
0 - l-l
2.61
0.52

0 - 6.63

2.61

- 0.52

0 - 7065

Exposure
time.

‘(min;)
-0 - 61

60

0 - 55

60

60

Data

Table

Table

Table

Table

Table

Table

presentation

3,

h, FPig.2 to55

5, Fig.5 to 9

7

8, Fig.1l2 to 15
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Table 10

Product analysis by.mass spectroscopy

Compound m/e Relative Abundance ‘Assignment
Electron Voltage
80ev 20ev 15ev
1,3,5,-tris (trifluoromethyl) benzene (C09H3F9 )
283 9.5 10.7 12.2 '
1 ‘ ' ' ’ +.
282 86_.8 100.0 100.0 09H3F9
281 4.5 CoHoFg
26l 10.8 1.1
: +
263 100.¢C 9.6 09H3F8
+
262 2.4 CoHF 7
233 4.2 1.5
+
232 Wi.7 1.1 CgHF
. +
21l 7.1 1.1
213 71.1  11.9 CgHFE
+
212 4.2 CoHFg
1 6. '
oL 3 CgHF ¢
. , +
193 3.7 CBH2E5
182 . p
7.4 C H F g
181 1.8 p

’C'?HZFS‘
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Table 10 cont.

1,315;-tris'Ktrifluoromethyl) benzene

163
162
1
143
125
9
75
h
69

51

21.8
4.7
11.3
11.1
5.8
6.3
15.8
6.1
18.2
2.9

3.7
3.2

o &=

4.2

CH3F)
CHigF),
CoHFy
CH,Fy
CH,F7

C6H3
CeHo
CF3
CHF
CF,



- 48 -

Table 10

Contc

Compound n/e Relative Abundance Assignment
Electron Voltage
80ev 20ev 1Sev
PA.
. £
15% 1.1 3.4 0, HF,
? 69 100.0  70.7 9.6 CFy*
50 b _ CF+
b6 9.7 143.3  100.0
L5 17.8 79.1 98.0
43 10.5 23.9 11.5 CoE+
31 31.5 100.0 28.8 crt
30 22.2 18,6 Not
ecetylene ( 02H2)
. +
26 100.0 100.0 02H2
25 2l .0 02H+
2 11.5 02+
butadiyne ( Cuﬁa) N
- 50 100.0 100.0 Chﬂé+
49 - h2.0 ChH+
L8 11.0° c,* |
25 11.0 CoH"
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Table 10 Cont. g
fCompound m/e Relative Abundance Assignment
| Electron Voltage
80ev 20ev 15ev
A“fluoroécetylene (CaHF )
| Ll 100.0  100.0 | c uF*
b3 20.7 ¢F"
? 31 1.6 CF*
trifluorocacetonitrile (CZF3N ) |
95 2.1 02F3N+ %
76 15.7 ' , C2F2N+ ,
69  100.0 CFy* o
50 10.5 S CF ,* o
38 3.1 - CoN,Fpo+
31 3.6 cF+
26 1.6 e
carbon dioxide (C02)
N 100.0 . €03
28 7.0 ~ cot
| nitrous oxide (Nao) |
o 100.0 ' N0
30 13.6 - No*
+
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Table 10 cont.

—

Relative Abundance

Compound m/e Electron Voltage | Assignment
80ev 25ev 20ev

trans 1,1,1,l,h,l, hexafluoro-2-butene ( CyH Fg )

165 1.3

16 22.2  100.0  51.9 o, B FY,
146 1.9

’ 15 30.5  18.7 0, HoFg

11 1.6 C3Ho ),
113 7.1 C3HR),
96 3.l 2.7

95 100.0  61.5 100.0  C3HxFy
76 6.8 C3HaF2
75 18.8 | CBHFE
69 59. 12,0 cFy

51 6.5 CHF,
I3 6.5 CoF

31 8.8 CF+
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TPable 10 cont.

Compound m/e Relative Abundance Assignment
Electron Voltage
80 ev
trifluorohitrosomethane (CF3NQ )
69 100 or
50 22 CF
30 ‘ 55 NOt
trifluoromethane ( CFBH)
70 1.3 CF3H+
69 100.0 CF3+
c1 86.1 CF2H+
50 13.5 CF2+
31 45.3 crt
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AMR spectrum of 1,3,5,- tris (trifluoromethyl) benzene,
S5.4 Me, CFCl3 as a solvent and a reference.

(b) HL NMR spectrum, %0.0 Mc, TMS as a reference.
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Discussion of the identification of a product formed in the

CF,CoY photolysis with added NO.

Attempfs at ldentifyling the product des;gnatedas PA have
not resulted in a conclusive assignment, even though &n excel-
lent Infrared spectrum has been obtained. The pass spectrum
end the FI? NMR spectrum did not yleld a great deal of inform-
ation. |

A peakx at 69 m/e in the mase spectrum has been assigned
to CFL . The ion with the highest m/e value (163) has been

asslgned to the lon (CF3)2C3H+. O0ften the highest mass of
| nitroso compounds 1s not the parent lon but rather a fragment
lon resulting from loss of the NO group during the Spectro-b
scopic analysis. It is possible that a simllar fragmentation
oceurred in thls case with the parent lon of (CFz)2C2HNO (193)
not being observed.25

The strong absorption band at 1564 cnm -1 in the infrared
spectrun (Fig. 16 a ) has been assigned to & nitroso group «
The effect of the electron withdrawing CF, groups may be
weakening the =0 stretching mode , shifting 1ts absorption
to lower energy than that observed for trifluoronitrosoethylehe

(1590 cm~?! )26.

The F19 NMR spectrum of the unldentifled product‘displays
an unsplit absorption at -3.642 Kc and a triply split absorp-
tion centered at ~3.806 Kc which have been assigned to two
isolated CF, groups. Since only one peak 1s strongly split 1t
1s evlident that the CFa grolps are not strongly coupled to one

another. Therefore, the splitting must be caused by some add~
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o

1tional nucleus such as hydrogen. The triplet nature of ~3.806 Kc
ebsorption 1s unexpected, as one coupled hydrogen would be
expected to produce a doublet and not & triplet on a first-
order basis.
However, coupling to a single hydrogén can produce a triplet
like splitting in certain cases. When the molecule contailns
magnetic non-equivalent groups that are structurally equiv-

alent, cerialn characteris
a triplet being one27. The F19 MR spectrum of trans 1,1,1,4,4,4, -~
hexafluoro-2-butene (type XSAAX;) displays &a triplet absorption
which may be an example of such an effept. On the other hand
the triplet displayed by PA is difficult to rationalize as arlis-
ing from magnetic non-equivalence because only one CFjz group
1s strongly split.

From a mechanistic standpoint a reasonable compound would

be some 1isomeric form of this nitrosobutene.

CFs. H

Pd

c=C

~

on” CF,
However, attempts at ratlonalizing the F19 NMR spectrum, S

on a first-order basis, to this compound are not convincing.



CONCLUSIORS

Absorption Process:

To eluclidate the primary chemical process two main

gquestions hadrto be answered: 1s there a long-lived

‘excited'intermediate, and do free radicals exlst in

the system?

To determine whether a long-lived excited inter-
mediate state of the substrate was produced in the
absorption process carbon dloxlide was added to act as
a Quencher. As can be seen from Table 6 no appreciablé
effect on the yleld is observed. It was concluded that
an exclted substrate molecule or an excited radical
species with lifetimes longer than lC)"8 sec. were not
intermediates in the feaction.

Evidence for free radical formation was obtained
from the photolysis of the propyne-propane and propyne-
nltric oxlide reaction systems; "Identification of CF3H
and C2H2 as products 1in the firét mixture indicated
presence of CF3 and CzH radicals. Similar conclusions
were drawn from the formgtioa of CF3NO and‘CuH2 in the
nltric oxlde system. The following reactions account
for these products: | ,

-CF‘3 +-03H8 e CF3H + °C3H7 j - 3k
'E2H + C3H8 —> CZHZ + .C3H7 - 35



'_free radlicals.
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. _L > ™o ‘ . ) 6
OF3 + §0 = C:‘BNO | | 3
“CoH + CFC=0H — C=C] —=C H_ +<CF 37
| HC,? | b2 =3

Reactlons 3u'and 35 are hydrogen abstraction reactions,

Reaction 36 1s a typiéal réaction of nitric oxide with

A more detailed mechanism for reaction 37 1is
presented below in reactions 50 and S1. Sherwood2o
has observed that the characteristic reaction of ethynyl,
radicals with substituted alkynes was similar to :
reactiqn 37.

It therefore appears from the evidence discussed
above that the primary photolytic rezction of 3,3,3,-
trifluoropropyne 1s direct breakdown Into the trifluoro-
methyl and ethynyl radicéis. | |

CF4CzH + hv(1849 &) ———= .CF3'+ -CoH 38

Secondary Reactions of Trifluoromethyl and Ethynyl
|

Radicals.,

The reaction mechanism of a photochemlical process
must include‘reactions that éxplain the fate of the
radlcals and other Intermedlates and that also account
for all the products observed., The secondary reactions

of each system studied above will be discussed separately.

Photolysis of CF3Q He

In the photolysis of neat 3,3;3,—trifluoropropyne

FRFE
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the only volatile product identified was 1,3,5,-tris (tri-
fluoromethyl) benzene., This product and the non-volatile
deposit in the cell have been postulated to be formed by a
chaln mechanism initiated by the trifluorcmethyl and

ethynyl radicals. The possible Initiating reactions are:

C=C a)

/;, | | 39

R . "
\ *
C=C b) -

Re + CFB-CEC-H

/A
H cr
3
R H ‘ a)
N/
C=C
7, .
/ -
R+ + CP_-C2C-H '/////;Fﬁ 40
3 < 3 | |
R
A
c=C b)
7 \
H
s
and in general by:
Re + S = > RSe L1

where Re 1s either °CF3.or -CZH and S is CF3-C£C~H.

Chain propagation steps then occur by

RSe ++ S : > R3S L2

R3S + 8 > R3S5S: L3
leading to a polymeric product which could be the

deposit observed in the reactien cell,
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A cyclization reaction was postulated to account for
1,3,5,-tris (trifluoromethyl) benzene formation and is

represented as follows:

CF.

(W
N / 3
é /C==(:-—-H ) —

L
—e=C— /N
% i—c H H—C\ /"c-—-cg—-—» Q CF,
, V4 '
CF,—C==C—H \C—'C
N H 4 “H CFs
3

A similar free radical process has been considered to occur

for the formation of benzene during the photolysis of acct-

5,8
ylene.

Attzck on the trivle bond will produce the 1,3,5 isomer

of the site of initial attack, provided that sub-

rno ar
-

r Alaca
\'b‘v\‘- L S

753

"secquent attacks in the polymerization steps are 1dentical.

Photolysis of CF392H with added C3§8'
In the presence of added propane the primary radicals
may still add to the substrate as depicted by reactions 39

and }j0, but hydrogen abstraction reactions can also occur.

"Ciy + C3Hg > CFyH + "C.H, 3l
"CoH + C3Hg CoHp + *C3H, 35

With reference to the addition ‘CF3'to trifluoropropyne,

it appears that reaction 39(a) is the only one of importance,

CF H
3\ e '
*CF,_ + CF_-C3C-H -5 > ,0=C | 36(a)
N\
(1) ©CF;




Abstraction of hydrogen by I would produce trans 1,1,1,-
u,h,h,-hekafluoro—2-butene, the only one of the four possible

isomers which 1s actually observed.

- CF, H o CF,. H .
3e=c + CHg ——> 3%=c + oC_H 15
. ‘CF3 3 BT, 37

Presumably attack at the hydrogen substituted carbon
allows the free electron to be stabllized by the electro-
negative CF3 group. The trans isomer produces less steric
Interaction between the CF3 groups than does the cis fdrm.
The fact thaf no ethynyl addition products analogous to the
butene formed in reaction (45) are observed sugeests that
~ hydrogen abstraction by ethynyl radicals is more favorable

than addition to substrate,

3
(S

Y r
between avbstraction and add

b

ticn is

Such competitior

-

reflected in the yields of CF3H’ CZHZ’ aﬁd 1,3,5,-tris
(trifluoromethyl) benzene as a function of increasing

propane concentration, CF3H and C2H2 increage in yield in
accordance with the Increased abstraction rates. At the same
time the benzene yield drops because of the fewer radicals
availaﬁle for the chain initlation reactlon. . The yieid of
the trans 1,1,1.4,L,l,~hexafluoro-2-butene is low for low
propane concentrations because reaction (MB) cannot occur,
After risiqg quickly the yleld decreases for the same reason

that the benzene yleld drops. The ylelds have been displayed
graphically in Figs. (2) to (5) and in tabular form in Table (3).
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Table 11

Photolysis of 3,3,3-trifluoropropyne with added propane.

Product balance for CF, and

QQH radicals,

C,Hg pressure  Sum of CF.H and CoH, yleld
(torr) (CF3)262H2 yields |
0.51 | 65.6 22.8
1.01 8s5.1, 1o.1
1.98 85,0 ' 60.3
3.03 | 95.3 79.9
3.06 ~105.7 .9
5.37 92.8 79.3
7.95 . 9L.8 81.5

10.0 88.3 | -~ 15.5
13.0 87.3 7647

15.0 79.1 ' 76.7
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Since “the CF3 ang 02H radicals are produced 1n a one to
one ratio in the photolytic process the yield of CFB initiated
products should equal the yield of the CoH initiated procucts.
Calculation of the sum of yiglds of fluoroform and trans
1,1,1,h,h,k,-hexafluoro~-2-butene for all proﬁéhe concentra-~

PR 2PN
(VIR

3
4]

z

ctudied reveals that this value does not agree with the

yiel

Qu

of CZH but the two values do converge at high propane

2
concentrations. This calculation is presented graphically in
Fig. (20) and in tabular form in.Téble (11). An ekplanation
of the lower CoH ylelds may be that ethynyi radicals initiate
more polymerizatlon reactions than do CF3bradicals.
- The ﬁrace anount of fluoroacetylene in theéé reactions
is thought to arise from two possible reactions; abstractlon
of fluorine by CoH, and_production éf CoHF in a primary process,
- Fluorine abstraction may occur as’folldws;
CF3-CEC-H + -C2H —_ .CF202C~H + CpHF L6
Since the C-F bond energy of the substrate is about 109
kcal/mble(28) this process would be expected to have a high
activation energy which may account for the small yield,
Evidence against such a mechanism comes from the relatively
slight effect of.added propane on the yields of fluoro-
acetylene, A pronouncéd decrease with increasing propane
concentration would be éxpeéted for the free radical reaction,
The following primary process was considered:
c'F3c2:~z + hv ————> ICFp + F-C3C-H ‘Ln

However no evidence for the presence of difluoromethylene
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was found when ethylene was added as a trapplng agent. No
other attempt was made to determine the mechanism for fluoro-
acetylene formation. 'wbatever mechanism 1s operative it would
only represent about 5% of the total reaction.

Pnotolysis of CF_C_H with added KO:
Zo _

3

When nitrie oxide 1s added to the substrate the fates
of the CFE an? C2H radicals -are: somewhat similar to their
fates in the reactions with added propane.,

‘ : (29)

CF3 radicals -are scavenged by nitric oxide.

*CH

3 + o ——> CF 0 | ‘ 36
As well as being scavenged by N0, the trifluoromethyl
radicals can react with substrate by reaction 39{a) as has

alrezdy been suggésted. The radical intermediate I can

pte

either continue. the chain reaction to form the benzene
derivative or it can resct with nitric oxide to form trans
1,1,1,h4,h,h,-hexafluoro-2-nitroso-2-butene

CF H H

. CF..
3%=¢] + ¥ —> 3%6=c? 18
CF ON NCF .
.3 | II 3
A discussion of the identification of iI has been presented
above. |
Decomposition of II can occur via a cyclic intermediate

to form trifluorocacetonitrils.

CFB\ H CF3. ¥
C=C — C-C-CF_| —> CF_CN + CF_CHO L9
N ‘o w3 3 3 .
o3 N-0
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Reaction }19 has been postulated to account for the
presence of CF3CN in the product mixture., However CF3CHO

has not been observed under the'same conditions. An sauthentic

sample of fluoral was introduced 1into the vacuﬁm line and
| injected into the gas chromatograph. Quantitative recovery
cf the sample wag not achieved, although a small amount did

elute from the column with a retention time similar to that

of the substratet A film was 6bserved on the innerisurfaces

of the vacuum line at the polnts where fluoral wag condensed
durlng the normal transferring operations. It is possible
that hydration of the fluoral was occurring upon contact
with trace amounts of water adsorbed on the surface of the
vacuum 11ne.3o Another explanation could be thé polymeri-
zation of fluoral,

| Ethynyl radicals can also react with the substrate as
previously postulated by reactions 39 and 0., Subsequent
reactions of the radical formed iﬁ this addition process
have beenvpostulated to account for the prodﬁction of

butadiyne. The proposed reaction mechanism is as follows:

. CP.. .

"CH + CF,CpH ————> 3= 1.0
3 2 7 A Y .
: HCZ H
CF3\ . CF3\ ,NO
C=C_ |+ NO —> ' ’, C=C - 50
Ho=C~ H HC=C “H
| » . IIT

4
5
i
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CF_. N | -
3¢ |~——— +CF3 + a0+ + H-CEC-C=C-H 51

HC=C “H

The above reaction sequence produces the same overall
effect as reactlon 37 except that CjHp formation is now not
possible in the absence of NO in agreement with the experi-

mental evidence.

The poséibility that C;H, is being photolyzed as it 1s
formed has not been eliminated. A small sanple of'butadiyne
was iIntroduced to the reaction flask along with 3,3,3,-fri—
fluoropropyne and was irradiated in the usual manner. Gas
analysis of the products revealed that all the C|Hp had‘been

- consumed. Photolysis of butadiyne 1s evidently an important

process,

-
4
o
<l
W
o
(@]
o
[
rn
\
«Q
o
=
S
n

*
Q

)
=]

Ch 52

Reactlon 52 has been proposed by Pitts 1. In the presence

of NO, photolysis of butadiyne stlll occurs but the ethynyl

radical produced reacts with the substrate and NO by reaction

430 and 50 to regenerate the butadlyne.

The small yleld of acetylene formed in the nitric
oxide Syétem may be the result of a hydrogen abstraction
reacfion of etbyhyl radicals,

*CoH + CF3CoH ———> O, + OF 05 53
Ethynyl radicals have been observed‘to abstract other

22
acetylenlc hydrogsns.
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The trace amounts of fluoroacetylene may again be the
result of flubrine abstraction or of a prihary photolysis
reaction as discussed previously.

The yields of all the products from the propyne-nitric
oxide system are linearly dependent.on the exposure time as
shown in Fig., 6 to 9. This indicates that all the products

are produced from photolysis of the substrate and not from

photolysis of products. The slight levellingvoccurfing for
exposure times éreater than about }5 minutes has been attributed
to the reduction of the transmitted light intensity by the
polymeric deposit.

The yield of CFBNO was not determined because a linear

response value could not be obtained. Inconsistency in the

yield of the unidentified product deslgnated as PA

was attributed to its partial dscomposition on the GC column,

For all products except 1,3,5,-tris (trifluoronmethyl)

benzene an increase In yield with increasing nitric oxide

concentration 1s observed. The increase in 002 and NZOyields is

explained by the increased scavenging of CF3 radicals and
‘the subsequent increase in the amount 6f CF3N0 decomposition.
Similarly the increase in yield of the decomposition product
CFBCN4is accounted for by the enhancement of reaction L9 at
higher nitric oxide concentrations. Butadiyne>increased in

yield because of the increased rate of reactions 50 and 51.

Trifluoronitrosomethane is known to undergo reaction
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- fhons ... 32 . . s
with nitric oxide to produce nitrogen, nlitrogen dioxide,

and trifluoromethyl radicals.

CBBNO + 2N0 - CP3 + N2 + N03 sl

NO + NO3 > 200, 55

Helcklen also observed carbon dloxide and nitrous oxide
which he attributed to the decomposition of CF3NO during the
gas chromatographic analysis, Production of COp and ipu in
he present system'may be due to the same type of decom-
position. Although COé and NoQ are not observed when neat
CF3N0 is injected through the GC, quantitative recovery of
CFBNO is not achieved.

Anotner mechanism of 002 and NEO production could be
formation<df the trifluoronitrosomethane dimer as observed

33 34

by daszeldlne”™  and 1ts subsequent decomposition. Forma-
tion of the dimer results from attack of °CF3 on the nitrogen
of the nitroso group followed by reaction with NO,

*CF

+ CF 10 ' > (CF,) u+0- 56

0* + N0 —m——> (CFB)ZN-O-NO 57

3
(CFB)ZJN'
Although the mechanism 1s not understood, Mason has

attributed production of carbon dioxide and nitrous oxide
as well as other side products'to the decomposition of
trifluoronitrosomethane dimer.
‘RIS AIT i ,
(CF3}ZN,Q e —_— CO,, b0, CF}NOZ, other productg8
The nitro compound has not been observed 1ln the present_study.

At the presént time, no.final conclusion can be drawn concerning
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the source of carbon dioxide and nitfous oxlde.

Free radical addltions to acetvlenes:

To explain the stereospecific production of trans
"l,l,l,u,u,u,-hexafluoro—é-butene in the attack of tri-
flﬁoromethyl radicals on 3,3,3,-trifluropropyne, a short
review of the current schools of thought about such additions,
the stability of the resulting vinyl radicals, as well as

the stereochemisty of the products from vinyl radical
reactions is presented. In an attempt to élarify some of

the abo&e areas of concern, L.A/ Stnger35 has classified

vinyl radicals into three groups according to their electronic

configuration and to their relative stabiiities.'

Case I :C=C—R3 sp hybridization
R - :
2 I
Case II L=C. :C::C\
Ry N R2- R
o II I >
sp2 hybridization, fast inversion
R... R N R,
Case III  1c=¢? 2 I>cc:
R2’ S Ro R
Iz . -3
: III
2

sp- hybridization, slow inversion

Both cis~ and trans-olefins can be formed froﬁ the
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linear vinyl radical with the cis/trans ratio determined
by stereochemical interactions bet&een the incoming sca&enger
. and the substituent grbups Ry, Ry, R3

When the vinyl radical is spz-hybridized_and undergoes
fast inversion betﬁeen the cis and trans strucfures the
retio of the products 1is determined by the relative stability
of II and III as well as by the steéeochemical interactions
of the scavenger. When the inversion 1is slow, however, the
product ratio is defermined solely by the stereochemicai‘
aspects of the addition process.

In most of the studies on radical additions:to acetylenes
the products observed are predominately the cis isomer with
small amounts of trans product. Although these results can
be explained with approprlate arguments by either Case I or
Case II, conclusions as to the stéreoébemical aspects of the
addition process 1s not possible.

For instance Skell and Allen36

have studied the addition
of  bromine atoms to propyne and have postulated that '
addition is stereospecifically trans with little or no
inversion to the cis radical. The presence of both cis-

and trans-l-bromd—l-propene is attributed to secondary

reaction of Br with cis-l-bromo-propene.
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, CHy, Br
CH,-C=C-H + Bre —n—> Cc=C_ - 59
3 v . g ’

CH _Br CH _Br
3e=c + HBp -———> J.C=C__ + Bre 60

“H H H

CH _Br CH,_ . Br H Br
3\C:.-C\ + Bre - 3:0-0: p— c:c: + Br- 61

H CH 8" "o CoEy H

Although the results obtained can be accounted for by the
above mechanism, no discussion as to the importance of cis
addition in the primary step was presented. It appears
possible that both cls and trans addition can occur, followed
. by hydrogen abstraction as in reaction 60 and then subsequent
secondary reactions with bromine radical. Such a process
would be similar to Case III as described by Singer.
Free rddical addition of chloroform to alkylacetylené337
appears to be non-stereospecific in the primary process
wifh the cis/trans ratio Seing determined by the relative
‘stability of the two vinyl radicals and by the stereo-
selectivity of the scavenging reactions. The reaction can
be categorized as Case II. |
Similar results‘are obtained for othér free radical
additions to aéetylenes 112’38‘w1th the cis/trans ratios
being explained in terms of vinyl radical stability and the
‘relative rates of Inversion and scavenging reactions.

The main result of the above studies has been fo'
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demonstrate that aithough plausibié?éibi;ﬁgﬁiéﬁéwcéﬂyﬁe
advanced for the observed distribution of cis and trans
isomers arising from radical additions to carbon triple
bonds, the stefeospecificity‘of the primary radical attack
is not known. With this in mind there are a number of
posaible mechanisms that can be proposed for the exclusilve
formation of trans 1,1,31,h4,l,k,-hexafluoro-2-butene,
(A) Cis addition of CF3
CFBb H

-CFB + . CF302H —_— =C: cis addition
: CF3
CFy,  H o H
C=C_ C=C_ no inversion
° CF3 CF3 CF3
kabs RH - |
CF~ H
CFay H
: {C:C: trans product
F3
(B) Trans additlion of CFq
CF .\ ’CF3
-CF3 + CF3CéH —_— C=C\ trans addition
' H ,
CF_. _CF Kk . CP
3 C=C\ 3 ;ﬁ%ii. /C:C( 3 fast inversion
‘ H -1 ¢F H
: 3
RH
kabs
H ’CFB .
,6=C, * trans product
CF H ‘
3
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(C) Cis and trans addition

CF,C_H + -CF

/3 2 3
CF, H kg N CF, CF
Fo=d — Je=g 3
CFy ki \ H
kKabs | RH Kabs | RH
¢F. ¥H . CF. VCF
3c=¢ Jo=¢” 3
H® CF H q
3
k1>> k_; , Kabs
(D) Linear vinyl radical intermediate
CF
CFBC::Q 3
Xy H Ec
.~ RH RITG,
CF,, H CF., CF
%c: 3¢ 3
H CF3 H "
kD ke

In the present study no attempt was made to distinguish
which of the above mechanisms was operative in the formation

of 1,1,1,h4,h,h,-hexafluoro-2-butene.
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Summary:

The 1éh9 X line from a medium pressurelmercury arc lamp
has been assumed to be the active radiation in the photolytic
decomposition of 3,3,3,~-trifluoropropyne. The primary process
involves formatioﬁ of trifluorométhyl and ethYnyl radicals.
Subsequent feactions of the radicals with the substrate lead
to formation of a polymeric material and 1,3,5,-tris (tri-
fluoromethyl) benzene. Studies with added propane and nitric
oxide have reveéled the nature of the radical.attack and
subsequent regétions of the vinyl radicals with both prépane

and nitric oxide.

. |
CF30oH + hv (1849 A) ——> +CF, +-CH

3
’ CF3\ JH ¢cis or trans
CF3C=C-H +<CF —_—> C=C
3 - N
CFB gem or term

CF3C=C-H ++CoH  — 3 N trans

- ™~

CoH  gem or term

CF,. H
I e=c

) 7/
V ON’ \CFB
CF3, H

. Cr,C-H
F:C: 372 > polymer and/or J:i:l'
GF3

CF3CN
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CF3\ ,H ~
NO C=C — CF,NO + C| H
CF ~H
3:C=C:
HC2

m> polymer and/or

In addition photolysis of ChH2 probably occurs by

CMH2 + hy ———> 2+CoH
Reactions of 'CF3 and -02H with propane have also been

observed,

—> (CF

'CF3 + C3H8

PO H 4 CG3Hg ———> CHp +C.H,

3H"+-03H7

~CF3 radicals also react with nitric oxide to form CF_NO, which

3

has been postulated to.decompose by an unknown mechanism to

produce 002 and N2O.

CF3 + NO ———}CFBNO —> (€0, + N

2 20
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