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CHAPTER I

INTRODUCTION

There sre three prineipsl ways in which a ayztam recelv~
ing radiant energy of a suitable fraquenay-rraa an outside
source mey utilize this energy. It may simply convert the
absorbed energy 1n§é heat; it may £tse1f r&ﬁiate energy as
resonsnce radiation, fluorescence, or phosphorescence; or
the energy may give rise to chemical changes in the syutam.1
This latter dissipation of the absorbed energy leads to &
photochemical reaction,

As early as the time of Aristotle the importance of light
in sueh processes as the photosynthesis of plants in the pres-
enece of chlorophyll and the blesching of naturslly occcurring
dyes was observed.,? It was not until the beginning of the
ninetsenth century, however, that any qualitstive statement
of the role which light plays in these resctions was formu-
lsted. At this time T. von Grotthuss (1817) and later J. W,
Draper (1841) proposed what is generslly known as the first
law of phnhaahamittry;}i.e., only radiations which sre &b=
sorbed by the reaaﬁing‘syutam are effective in producing

(1) R, 0. Griffith snd A. &axeuwn, Photo: ggeeeaagg ,Exﬁﬁ_*
gous snd Liquid Systems, p. 385,

(2} ibid sy p.“g’gﬁ’?.



chemical change.® It does not follow that all sbsorbed
radlation 1s effective chemicelly.,

A quantitative law governing the interpretation of photo~
processes 1s the law of photochemical equivalence advanced by
Albert Einstein in 1912, It states that any molecule or atom
ectivated by light sbsorbs only one quantum of the light |
which causes the sctivation.? The energy sequired by an atom
or moleculs in asbsorbing e qua#tum depends on the frequency
of the incident light end is given by Flanck's equation
_ E=hv ‘ : :
where h 1s Planck's constent equal to 6.624 x 10 > erg.sec.
and v is the frequency of the light. The enargy per mole 1is

Eﬁﬂhvuy—xh@.—
whers N = 6,023 x 10%3 molecules per mole = kmngaévn'a,namﬂ‘
bar; e = 2,9977 x 1010 cm, per sec. = the veloeity of light,
and A is the wavelength of the ineident 1ight. Dividing by
4.184 x 1010 to obtain the energy in koel, per mole,

B = 22859 X 1073 yoe3, .
A mole

Thus for ultraviolet redistlom of 2537 £, E = 112.8 keal.
Pﬁl" mla L
The velue calculsted from thermochemicesl date and thermal

decompositions of hydrocerbons of the energy necessary to

(3) Semuel (lasstone, Textbook of Pyhaicel Chemistry, p. 1155,

(4) Cerl F. Prutton and Semuel H. Marcn, Fundsmentsl Prin-
oiples of Physical Chemistry, p. 764.




produce rupture of the firat C-H bond in methsne ( a primsry
C-H bond) is 103 keal. per mole snd that for C~C bond cleav-
age in ethane ls 89,5 kcal. per m&ie.ﬁ_ Further calculations
indicate that e primary GfH bond has 2.5 keal. more energy
than s secondary C-H bond, which in turn hes 4 kecal. more
energy than a tertiary C-H pond.® These rsnulﬁs &res in agree~
ment with those obteined by Rlioe who pleced the twa‘rigurea
at 1.2 keal. and 4.0 keal. reapaativwly;? Therefore, the en-
ergy of redietion of 2637 i is more than suffieient to gro&uaa
rupture of C-C snd C-H bonds in hydrocarbons,

Since hyﬂraaarboﬂn do not themselves absorb rediation of
this rraqueney, it becomes necessary to use a ”photasanait&aar,
that is, a substence which absorbs radiation of the required
Tfrequency and 1s eble to trsnsmit the energy received to sn~
other moleculs through collision with this molecule. In the
cese of hydrocarbons mercury vepor serves &3 s suitable
photosensitizer. ;

In previous studies at North Texas State Gollega‘ﬁevaral
relatively low molesulsr weight hydrocerbons have been sub-
jected to ultraviolet radiation, Gary® and Oliver? irrediatea

(5) ¥Norrish, Transsotions of the Faradsy Socliety, 30, 10& (1934).

(6) Smith and *anlﬁr, Ja g xgc, 7; 380 (19&59)0
(7) F. 0. Rice, J. fm. Chem. Scc., 65, 5086 (1933).

(8) Felice Gary, Mercury Sensitiged Ph¢t¢~ahamiaal &at&ea, a
Mixture of is&ﬁaﬁﬁﬁ? and lsobutens, UNDu %ﬁaﬂi&,

Dept. of Cham., North Texss State College, Anguab, h%i#
pub-

(9) Bob 0Oliver, The Phatm~&lk&z§tian of C Hydrocarbons,
lished M. é. thesis, Dept. o em,, Hor oxas8 State
College, August, 1942,




mixtures of isobutane and isobutens and found that higher
molecular weight hydrocarbons wers produced. atallingsxg
found that under simlilar trestment pure i;ahutana produced
prineipally 3,£;3;8~tatramathxlbutana nceording to the

reaction
c ¢ ¢ c
6——(|: + »‘:It—c — e——-e—é-——-e + Ka
. L

with sn spproximate yleld of 7% of the theoretioal., Suttonti
irradieted 2,3~dimethylbutane and found that the principal
products were CjygHys hydrocarbons. He further determined that
C~H rather then C~C bond scission predomineted.

Further investigstions were made by Welkert? who treated
isopentene with 2537 £ radistion, He 1solated 3,3,4,4~tetra~
methylhexane &8 the primery product. This result indicates
that the reaction involves the loss of a tertiery hydrogen
atom from the lsopentsne with the subsequent recombination of
two lsopentyl free radieals to form the tetramethylhexane =~
e reaction snslogous to that obtained uaing lacbutane.

(10) Jemes 3tm11inga, Ne: ~Senaitiz d ?bateuaoaatimna of
Iaa%§§ s Unpublished “Dept. of Chem,
or axaa State 3@11&30, Kax,

(11) Cecil C. Sutton, The Mereurxmﬁenaitizad Photo-Resctions
_3~Bimath5lbutan¢, npublished M. 5. bhesis, Dept.
of Chem., North ilexss State College, August, 1947.

(12) Bussell Walker, Fhoto-Chemic¢al Reactions of Isopsntanse,
Unpublished M. S. thesis Dept. of Chem,., North Texas
Stete College, August, 1545.



Laynel® irradisted cyclohexane in the presence of mercury
vapor and found that bleyclchexyl was formed. In addition,
smell emounts of tri~ and tetrscyclohexyl were tentetively
identified end an orange raaidua; which was presumed to be a
cyclohexyl polymer, was observed to remain on the resction
tubes, Substentielly the same results were obtained by Fermer
snd Mooret? through the thermal d@cumpaait;nn of ecyclohexsne
in the presence of tertiary butyl peroxide, with the exeception
that in this case e much greater percentage of the orenge
polymer was formed due to the presence of tertiary butoxy
free radicals, )

ﬁolland?s exposed both sumene and methylcyelohsxane to
2557 R radlation end found that no detectable resction oc-
curred during the cumene runs., A definite resction was ob-
served with methyleyclohexsne which produced unidentified
high molecular welght hydrocarbons, Sworskl, Hentz, and
Burtonl® exposed both cumene snd tertisry butylbenzene to ul-
traviolet radiation and interpreted the results in terms of

(13) Kenneth Layne, The Msrgury-Sensitized Photochemical Re~
astions of ¢ cLohex ipublished M. S. thesls, Dept.
o mistry, North %aa&m State College, August, 1950,

(14) E, H, Farmer and C. G. Moore, (Erit. Rubber Producers’
Resesrch Ass'm, Welwyn Gerden Clty, Engl.), J. Chem.
Soe., 13141 (1s61). |

{18) Welter Holland ne end Methyleyelohexene Photogchem~
%agwx, Unpublished W, S. thesls, ﬁgpf‘ &% Chem., NoPth
'sxns State College, August, 1951.‘

(16 )Thomas J. Sworski, Robert R. Hentz, snd Milton Burton,
(niv. of Notre Deme, Indisna), J. Am. Chem. Soe., 713,
1998~2001 (1951).




hydrogen production by C-H bond cleavage 4 and 7 to the ben-
zene ring snd methyl radical produetion by C-C bend cleavage
A to the benzene ring. Extremely low quantum ylelds of non-
condensable gases were reported, 1.3 x 10°4 and 2.4 x 1074
respectively.

Ivenov, Savinova, and Zhakhnvukayul? irradiated 2,7~
dimethyloctane with ultraviolet light while baubbllng oxygen
through the liquid st the rate of 5 ml. per minute for 180~
200 hours at either 70-5 °C or 858 °C. They obtained both
the diperoxide MegCH(CHg)sCH(OOH)G(0OH)Neg, end the monoper-
oxide, Kagcﬁ(68§34c(903}xn3, after seperation and purifica-
tion of the products. ’ |

On the basis of these findings, 1.e., the predominsnce
of C-H bond rupture over that of the C~C bond, the relative
' strengths of primary, secondery, and tertisry C~H bonds as
givﬁn abav&, end the observed reactivity of simller hydro-
earbons under the influence of mercury sensitized ultraviclet
redistion, it is to be expected thet 2,7-dimethyloctans would
also reaet to produce higher molecular welght hydrocerbons
through the cleavage of e tertiary C-H bond and recombination
of the dimethyloctyl free radicel: thus formed. The prinecipal
products of this reaction is expescted to be 2,7,7,8,8,15~

hexsmethyltetradecene sccording to the rsaction

{(17) X, I. Ivenov, V. K, Savinove, and V. P. Zhakhovskaya,
Doklsdy Akad. Nauk 3.5.8.R., gﬁb 703-6 (1948).
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Other possible products are tetramethylcyclohexsne formed by

cyclization of the octyl free radicel as shown below,
R e o

c ¢ =
bttt / \ ,, T Bp
\c_a e

Mono=, di~, or trimethyleyclchexane could possibly be formed
by this eyelizetion wibh the subsequent splitting out of
methyl radieals. Other cosanes and possibly some contanes
can bo~axpéatad due to the recombination of two or more of
the ootyl radicslas, In sddition, if eny ¢~C bond selssion
ogcurs, s variety of hexanes pnd heptsnes are possible

products,



CHAPTER IIX
THE AFPARATUS AND PROCEDURE

It wes decided thet in these experiments s smaller, more
compact system wes needed than that used esrlier by &agnul and
Hollend® in their investigations of the mercury sensitized
photoreactions of c¢cyclohexsne end methyleyelohexsne. In ad-
ditiocn, 1t was necessary to devise a method to completely
isclate the system from the atmosphere during the rﬁnﬁ.. This
was sccomplished by elimineting sll ground gless Jjoints end
stopeocks from the portion of the apparestus to be isolated,

The spparatus used is shown diagremmstically in Figure 1.
It conaisted principelly of & ah#rge aentainar, 83 two
plunger snd solenoid systems, P which seperates the charge
conteiner from the rest of the sppearatus, and &.m@i@hf;éuds
‘to en BEdwards gas density belence; a.marcury'maaamatar,‘n; B
three liter ballast tank, BY; two eand«nauri, cl,uczi a mer-
cury b@ilar, Béz a frsctionating ecolumn, F; a main haii&t,

By3 one thermometer, T; one resction chember, RC; one West-

inghouse Sterilamp WL 782+10, L, powered by wgm wit (am

{1) R, 0., Griffith end 4. xeﬁaaun, Fhana*gggaaaaaa in &ua»
gous and Liquid Systoms, p. 565,

{(2) Ib ;do, P. 367,
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10

secondary coltage) Westinghouse Sterilemp transformer, Style
3&»?0; and two stopcocks.

The frectionating column end the mereury boller were
each wrepped with No. 22 B & 5 nlchrome rosistance wire to
heat them during the runs. Both were powered with s 135 volt
(maximum)}-7.5 smpere powerstat as was hoater on the main
boiler. Both condensers Gy snd Cp were water cooled.

The apperatus w&ahahaekea for leeks in sdvance of each
run by evecuating to 2.mm. pressure and noting the pressure
incresse over s period of approx&mately § hours. it was re~
quired that no pressure incremss be observed. ﬁt‘the begin-
ning of each run the systam was eveousted to £ mm. prassure
and a mown volume of 2 7~dimeﬁhyioatanﬁ introduced into the
system from the separatory funnsl, 3. The gruund_glaﬁ& joint
st P was then closed by the setion of a solenold on an iron
core imbedded in the plunger. The portion of the system be~
tween S snd P was re-evecuasted and the line betweon them
sesled with s porteble oxygen-natural gas taraﬁ. The water
supply to the condensers Cy snd Up was turned on, and the
heeters on the mein boller, the mercury boller, and tha frec~
tionating column were brought up to aperating,tamparmﬁura.
These temperatures were adjusted in such & way as to prﬁéuﬁa
s unidirectional flcv of the octane vapor up through the frac-
tioneting column, past the condensaers, and down through the
resction chamber and back into the mgin boller. The ultra-
violet lsmp was then turned on. As the runs procedesd, the
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temparatures of the bollers and the fmactionating column |
were reised to meintain this uwnidirectionsl flow,

The progress of the resction wee followed by recording
the masnometer pressure and the tempersture of the Sterilamp
at intervels during the run. The runs were stopped when ther=
mel decomposlition could be cbserved. The indlcatlions of thevr~
mel decomposition are & marked derkening of the material in
the meln boller and a sharp rise in the reate of menometer
progsure lncraeass.

When resction was stopped the permensnt gases in the
systen wers removed snd their meolecular welight messured by
bresking the capillary contained in the guillotine with &
solenoid acting on an lron plungsr and sllowing those gnses
to pess through an acstone-dry ilce freeze-out trap an&vinta
the Edwards beslance. The liquid product was removed by bresk-
ing the tip on the mein boller and catching 1t in = flask.
The products ware separated by frectionetion in a Fodbielnisk
Serles 3300 Semi-Automstic Miero High Temperature Distilla~
tion Anelyzer and thelr physiesl constents determined. |



CHAFTER III
EXPERIMENTAL DATA AND RESULTS

Two runs were made in the apparatus as deseribed in the
previous chapter. At the start of the first rwn, the system
was aha?gaﬁ with 107 ml, of ﬁ;?-*dimeﬁhyloﬁms. It was esti~
mated thet during the charging process approximately 1.5 am.
of mereury of air leaked into the system. This run wes al~
lowed to ‘mntzima for seven hours sand an ebsolute pressure
of 1400 mn. of mercury developed during this time. For the
second run, 40 ml. of the charge stock was introduced 1&#@
the uyatzm end irmdiata& for 94 hours. An ubaaium pmaswm
of 113,.8 mm,. was developed during this run., At the amﬁmi&n
of 'hha second run it was noted that both the akamlmp and
the reaction tube were lightly coated with s deep red solid
materiel which was presumed to be polymeric. |

~ The 2,7-dimethyloctene used in the first run was obtained

from the Eastmen Kodak Compeny, Eaahnster; New York, snd was
used with no further purification. The material charged into
the ayﬁtm for the second run was recoversd by rr\wtwmtim
of the i:mdmt from the first run., The phyaiml eonstants of
ﬁmsf fraction were boiling rangs, 156.5-156.99C at 745.5 mm.;
429, 0.7242; nZl, 1.4074. These data check the constants re-
corded in the literature.l |

(1) a. ?aglatf, Physicsl mmst@ts of the m—»tzarbons I, 71,

i2
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The molecular weight of the permenent gsses produced
during the first and second runs were determined to be 17.84

and 2.499 respectively. This indlcstes thet perhsps a mix~
ture of h;ﬂroeavban gases and hsﬁrogmaﬁmaa~formaé in the
first run while hy&ragga was almgaﬁ exaluaivaly*ﬁha preﬁuaz
of the second run.

At the conclusion of each of the rums the 1iquid products
were removed, frectionated, and their ph3$1¢ai constants de~
termined; ﬁha bailing renges of the fractions rarvsativu in=-
diaaa wiﬁh 8 Bausch and Lumb Abbe refractometer, and éansitieﬂ
with e pynanqmster. The refrsctivity intercapts %qra em1@a~
lated a@aardinsvte tha‘formuia derived by Kurtz and Ward.2

Refractivity intercept = n - &/2

where 4 18 the density and n the refrective index. The refrac-
tivity intercept of s hydrocerbon 1s characteristic of the
homologous series to which it belongs, The average value for
the parsffins in i.msz, for the satureted monocyellics,
1.0396, the saturated polyeyelics, 1.0285, and the sromaties,
1.0629, -

The physicel constants of the fractions from Run Cne

are glven in Table 1,

(2) ;8 8. Kurtz end A, L. Werd, "The Refruativity Intercept
end the Specifie Refraction Equatien of Newton,” J. Frenklin
Institute (1936), pp. 222, 563.
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TABLE 1
PHYSICAL CONSTANTS OF THE FRACTIONS FROM THE FIRST RUN
Fractions ﬁa&ling Range a:ﬁ | afg wfrautiviﬁy

1 @ 760 mm. , Xntamagt

1 T8~ 73.3 | 472 | 1508 | 1.0248
2 128.1~128.8 7236 | 1.4072 | 1,0454
3* 155,6+178.8 7615 | 1.4189 | 1.03815
4 152,5-154,5 7258 | 1.0 | 12,0402
5 164 ,3-154.7 7242 | 14072 | 1.045)
6 154.74155.0 7225 | 1,078 | 1.0865

7 | 155.,6-185.5 187 | 1407 | 1.0481
8 156 ,5-156.9 179 |1.4074 | 1.0488
9 156 .2~156,7 7185 | 1.4077 | 1.4085

: € 21 mn, 1

10 5640~ 56.5 7164 |1.4080 | 1.4008
11 94.8- 98.4 veeee 1104307 | auvens
12 1067 000.s veene | 1u4330 | ...,
15" | 148.7-150.3 8835 |1.4543 | 0.9928
14™* | 190.6 9497 [1.4528 | o.o785
16" | 205.2-205.7 |1.01835 |1.4862 0.9771

Gcmtsa&m ah&aer, * decalin.
Gentainn "cheser," dibutyl phtheslate.

Teble 2 lists the physlcal constants of the i‘mct:iem

from the second run.,
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TABLE 2

PHYSICAL CONSTANTS OF THE FRACTIONS FROM THE SECOND RUN

Frae- | Bolling Renge ag° nE0 |Refrac~ |Vol.
tions| @ 23 am, tivity | ml.
~ ; Interecept
1 55 ,8~ 5644 7196 1.4080 | 1.0282 | 27.6
2 97,0 reess 1.4189 | aev... 0.2
3 107,8 cesss 1.4201 cessse (3 arops)
"4 |i21.3-122.0 7772 | 1.4231 | 1.0345 0.2
5 152,2~165 .4 8111 1.4415 | 1.0358 0.2
6 158,7-159,0 ceree 1.4431 | eevees 0.3
7 160,8-164 .2 8039 1.4452 | 1.0453 0.2
8 164.8~167.7 .8063 1.4452 | 1.0421 0.3
9  |173.8-176.3 8080 | 1.4472 | 1.0832 0.8
10 180,0-181.0 8202 | 1.4508 | 1.0407 1.3
1 182,3-184,0 18264 1.4524 | 1.0592 0.8
12 |186.0-187.3 8416 1.4570 | 1.0863 1.5
13* 187,6-188.8 8557 1.4593 | 1.0316 0.9
16" |205.5-207.8 | 1.0264 1.4871 | 0.9569 2.8

#
Conteins "chaser," dibutyl phthalate.

The progress of the runs was followed by recording the

pressure developed in the system at reguler intervals during

the irradiation.

In Figures 1 snd 2 the inerease in totsl

pPressure in mm., of mercury versus time of irradistion in hours

is plotted for Runs One and Two respectively.
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CHAPTER IV
CORCLUSIONS

The date obteined for Run One are not valid due to the
offect of the air introduced into the system at the start
of the run. alaa; the sharp: rise in the rate of pressure
incresse during the last half of the run was dus to thermal
a8 well as phéta@hamiaal deéampasitian. It is impossible to
differentiste betwesn the products of the separate reactions,
though from theorsticel ecnaideratiens the only high boiling
products should result from a photochemiecal dauamponitian.

All of the fractions regovered from the liquid product
of the second run had boiling points which were much higher
than the originel charge stook. ;n,adéitioa, the pressure~
time curve for this run is linear, indlcating e steady rate
of pressure incresse during the run, and the moleculer weight
of the permenent gases shows thet hydrogen was the by*prbﬂuat
of the resction as predicted, These factors indicete that
the products obteined were lergely due to ph@teehamiaal reaction,

An inspection of the retracﬁivity'inﬁaraaﬁta revesls
that the very high boiling products of Run Two are saturated
mnndeyu;i#;ganp@unds. No evidence was found taAigdiaaﬁa that
any compound comparable to the expected a‘v,v,a;a,ismﬁaxa~'
m&%hyitetru&oeana was formed. In fact, & nagliaiblu‘uméunt

18



19

of paraffinic compounds were isolated. A comparison of the
physiecel constents of the fractions with the published values
for hydroecarbons shows that the products are probably alkyle
substituted cyclohexsnes. This could cecur through the eyeli~
zation of the 2,7-dimethyloctenyl radical to an alkylated
cyclohexane { which might react photochemically itself),

A further study of this resction in & system in which
higher ylelds of the products could be obtained should lead

to more Informstion congcerning the nature of the products,
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