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CHAPTER I
THE NaTURE OF PRUTCCHTLISERY

Ordinsry chemicel rsactions are the results of molecu-
lar collisions., Such reactions require from 1O to 100 kilo-
calories per mole so that only those moleculss having & high
amount of energy can obtain this activetion from eollision.
Reactlion 18 especislly difficult if the activation energy is
high and the tecperature low, However, molecules may be acti-
vated by sowme external source of energy such as heut or radia-
tion.

Radiant energy is emitted ss discrete particles of mat-
ter contalning a quantum or photon of energy.l sbsorption of
such radiati-ng can produce & chemlcal change although not all
absorption of 1lizght 1s accompanled by & chemical reaction, ,ﬁh@
study of this type of reuction, that is one which recelves
energy fron an external radiant source, 1s known as pholochem-
iatry.

Waen a photon of a frequency that can be absorbed aud
that hus suflilelent energy to produce & reaction comes near a
molecule that is to be activated, several things may happen.
(1) There may be & transfer of energy from the photon to the

moleculz with production of heat as & result of the conversion

l o
Frank L, Robeson, Physics, p. 359.
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of radlant energy to kinetic energy, (2) The molecule may
dissoelate. (8) Fluorescence, the Compton effect, or the
Raman effect may result from the transformetion. (4) The
molecule may retain its energy. In the last case, 1t 1s
known 4% an exclted meolecule and may elther react itself or
serve as a carrier to transult t?is activation energy to an-
other molecule which does r@actaa

The degree of excitatlon of a molecule is dependent upon
the frequency and the energy of the radiation absorbed. The
energy of one guantum is glven by the relationshlp

E ® hv

vhere E is the energy 1ln ergs per photon, h is the universal
Planck constant, 5,547 x 1057 epgs seconds, and v 1s the
Irequency of wibration. The energy per mole of photons 1s
found by multiplying by Avogadro's number N. 7The frequency
is cileulated by dividipg the veloecity of light, e, by the
wave length, 1, of the radistion. By dividing the energy in
ergs per elnstein by 4.183 x 107 ergs per gram calopie, the
galories of energy per mole of photons may be obtained.

It can be seen from

E = he
1

that the energy of radiation would vary as the wave length.

E would be swall in the purt of the spectrum wvhere the wawe

Frederick H. Getman and Farrington Danlels, Qutlines of
Physical Chemistry, p. 577. . -




length is long snd large vhere the wave length 1s short, For
exanple, radiztlions in the for infrared having & wave length
of 200,000 z would contaln energy of the order of 1000 gram
ealories per mole. oince this is less then the usval quantity
of energy needed for reasction, radiations in this region would
not be expected to possess enough energy to act as an external
source. Ixperimentally, absorption of the fer infrared has been
found to cause rotution end vibretion of the molecules On the
other hend, rediastions in the other end of the spectrum, that
is, z-reys and aipha particles, having a wave length of 1 3 or
less, contain energy of the order of & hundred miliion to l@lo
gram calories per mole. Thils exceeds the amount of energy
commonly required so that &% would be expected, electrons deep
inslde the atom or even particies within the nucleus are dise
placed. zn th@ region of the visible and ultraviolet, absorp~
tion is accompanlied by 35,000 to better than 160,000 gram cals
ories of energy per mole depending on shere betwsen the linits
8,000 to 2,000 g the wave length lies. Haedlations absorbed in
this region contain enough energy to produce ordinary reactions.
In addition to meeting the energy reguirement, sbsorption of
these radlsations aiso may displace an outer slectron from the
malecul@.a

The calculuted energy of ultraviolet radistion of 2536 E
is 111.2 kilogram calories per mole which is sufficlent to

3 ”
M” P 578




rapture & C~H bond requiring 100 kilogram calories per mole
or & C~ bond requiring 8% kilogram calories per mole., Simi~
larily, the calculated energy of visible light of 4358 X WAV
length, 64.6 kilogram calories per mole, does not meel the
energy requirement necessary to rupture a carbon-to-hydrogen
or & carbon~to~carbon hﬁﬁ&.%

A48 has been stated, wolecules which absorb llght rays
sometimes react directly. For example, the 64.6 kllogram
calories per mole of visible light is sulfieclent to produce
& number of polymerization reactions.

Blythe and Hofmen noted that polymerization of styrene
to polystyrene reguired three weeks 1n the summer supn, three
days in & sealed tube at 100° ¢., but oanly ome half hour in
a sealed tube at 200° C. Ko reaction was cbserved on & sam-
ple of styrene kept in & sealed tube at room temperature in
the d&rk.b

Fritzsche polymerized anthracene 1o a wnite solld hydro-
carbon by exposure to the 5unligh$.ﬁ

Other molecules are sensitized or exelted by light and
act as carriers. 3Several metal vapors such &8s those of ners
cury and cadslum ere examples of photosensitized carriers.

%
5ﬁaward 4. lucas, Organie Chemistry, p. 21,

Amnalen der Chemle, 53 (1845), 311, cited by Gustav Egloff,
Reactions of rure %gﬁraaarh&n&. (american Chemical Society kono-
Zrapn Sories, Ko. 713 )s D» 080,

&

Journal fur Praktische Chemie, (1), 33, (1867), 101, as
¢lted by GElofT, ibides De BUE. ' ’ ! ’ )




Simliluy regults were obtalned by landau with 1ight from
a mereury lamp., Ethylene underwent 85%¢ photopolymerization
in 134 hours with & 10C~volt lamp. 4 500-volt lamp completely
converted the ethylene into higher boiling products.

Ethylene also polymerized in the presence of cadmium
vapor at £25-260° €. by exposure to radlation from a cadmlume
quartz lamp.63

Tolloezko exposed ethane to ultraviolet light end obe
tained liguid and gaseous products. The liguld was largely
hexane wvhile the vapor was a mixture of hydrogen and methane.

Bates and Taylor observed that when n~hexane was exposed
to the mercury resonance line In a "suffilieclent ¢oncentration®
of mercury, the reaction rate was 1000 times larger than when
mercury vapor was &bsent.lﬁ

palker worked with the mercury sensitized reaction of
isopentane to wltraviolet radiations of Z5EE 2 and observed -
that & number of hydroesrbons were produced. The desired
345 4dy4=-tetranethyl hexane was present but a number of ilsomers
and products of {ragmentation vere also there., Gas analysis

ki , ,

¥. Lendeau, "Application of Lizht Energy to the Study

of Some wuestions of Chemical Analysis,® Compt. Rend., 165,
{1e12), 403,

8_;1, ;;Agng, Ghes, So0e., 50, 771, (1928).

gs. Tolloczko, "Condensation of Ethane Under the sction

of Ultravicletl Rays," Frzemzl Chem., 11 (1827), 245; Chem.
Abs., 22 (1928), 4360. = P

Jo R. Butes and H. 8, Taylor, "Studies in Photosensie
tization,® ic &b §mmv SQG;; 4% (3.%27), £438,



shoved & large percentuge of hydrogen and & smaller percent-

age of methane. Smell amounts or traces of other low molee

11
culey welght guses were present.
18 13 14

Gary s Rohrer , and ulliver  subjected mixtures of
isobutane and lsobutene to uvitravinsiet radiztion of 2533‘2
in the presence of mercury vagor to deterzine whether there
was & reaction. They found that a higher volliing fraction
resulted from such treatment. The physical properties of
this oblained product spproximested those listed in the 11t~
erature for the antlelipated hydrocarbon.

Darwent and Winkler investigsted mercury photosensi-
tized reactions of ilsobutane, They reported tnst hydrogen,
octenes, and dodecanes vwere the main products. The rate of
reaction =as not affected by the vworking pressure at the
temperuture of the experiment. The teupsrature affects

1T |

Russell wglker, *rFhotochemieal Reactions of Isopenw
tane" (Unpublished lusterts Thesis, Dept. of Chemistry, North
Texes State Teachers College, August, 1945).

IEFalice Garyy "lMercury-Sensitized rhotochendeal Action

on & Eixture of Isobutane and Isobutene® (Unpublished Master's

Thesls, bept. of Chemistry, North Texes State Teachers Col-
l@g@,lgun@, 1839, )

Vern Rohrer, *The Effect of Photo-Sensltized Hereury
on Hixtures of Isobutene and Isobutene® (Unpublished Master's
 Thesis, Dept. of Chemistry, North Texas ptate Teachers Col-

lege.liuguﬂt, 1640).

#ob M, vliver, *"The Photo-Alkylation of C4 Hydrocare
bons*® (Unpublished masterts Thesis, bpept. of Chemistry, North
Tezas State Tewechers College, Auzust, 194R).
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the nsture of the product but not the resetlion rates.,

Yercury is the photesensitizer for the above alkylations
and polywerizetlons. The mercury vapor recelves the radiant
energy of the percury lamp to forp & sensitized or exeited
mercury whieh possesses enough ersrgy Lo break the H-H bond
a8 well as to decouposs ammonls snd many different orgzanic
eam@munﬁs.l& The equation

Hg + hv — Hg#

shows the formation of the excited mercury Hgk.

15 . |
B. de B. Darwent aud C. A. Winkler, *The Kercury-Photoe
sensltized Hewctions ol Isobubtane,¥ J. Phys. Chem., 49, Ho. &,
(lg45§g P 159, v

5

Taylor, ®*Treatlse on Fhysical Chemistry," 1931, pp.
1480-148%, cited by Getman and Duniels, 9p. ¢ib., p. 587,



CHAPLER II
THE PROBLEM

The problem was to study the behavior of several hydro-
carbons when they were subjected to uliraviolet light of
85356 3 in the presence of marcury vapors.

It would bte expected from the work of Stallings that
the rupture of any tertiery hydrogen bond in the molecule
would be the predominang effeet.l However, secondary and
prigary bond splitting would cecur as well as some C~0 bond
rupturing, but thess would be expected to = lesser degree
than the {irst, since the t-hydrogen has tne grestest reac-
tivity.

Although there sre no dats for the maximan absorption
of many of the hydroesrbons, it 1s krnown that in general
thelr absorption spectra are in the far uwltraviolet., Cary
and Stleklen give the value of 1500 2 for hexane snd heptane
s0 probably the maxlimum absorption for lsooectane and other
hydrocarbons of about the same chaln length shouwld be near

2
that value. Since the absorption band is so far Lrom that

1
James C. Staliings, “The Merecury-Sensitized Photoe
Reactions of Isobutane® (Unpublished Eastert's Thesls, Dept.
of ch%miatry, Forth Texas 3tate Teachers College, May, 1943).

E. P, Carr and H. StlUcklen, "Absorption Spectrum of
Some Hydrocarbons in ithe Schumann Region,* H. 7S ActB.y
6, (1933), &5l.



of the mercury resonance line, mercury vapor must be used to
itransport the energy to the hydrocarbon, Thin layers of mere
cury vapor are very effectlve for this purpase.$

In the case of the isooctane, 2,8,4-trimethyl pentene,
one would obtaln 2,8,4,4,5,5,7,7~0ctamethyl octene, say, as

indicated by the resction below.

y 4 ! 7 ! [ i ﬁé. I/'{' # wgu
[ ' - - ~e 3 -~
§E g, I
#-C—- o _ - é_ + - Q— c,v—Q*C'“ -———7H~C'-c-Q.~G~C—<,!~C'?' + M
¥ e CH h L) v ) | & 1
¥ ) ) ; ¥ ' ) o f”
42y " v H-Q_y "‘F‘" ﬂ-'G-H'C,—H H'$"’
¥ i H | “

This would involve a removal of two t-hydrogens and reaction
of the oetyl radicals. However, one would also expect other
reactions due to the ®splitiing off" of the less active sec-
ondary snd primary hydrogens with conbination peaction of
these radlcals following. For exauple, there are ten struce
tural lsomers of hexadecane thubt muy be formed from G-8 radi-
cals produced by "splitting offv of either tertiary, secondary,
or primary bhydrogens. Of these isomers, one is a tetramethyl
diisopropyl hexsne, one is a hexamethyl isopropyl heptane,
three are octanes (one octamethyl octane and two pentamethyl
isopropyl octenes), two are heptamethyl nonanes, and three

are hexamethyl decanes.

We As HOyes snd P. 4. Leighton, The Pizotochemistry of
gases, p. 861,
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The number of possibilities is Incressed even further
by the possibillty of dissoclation of the molecule into frage
ments. An interactipn between Ifregments may follow with the
formation of lower molecular @aighﬁ and consequently, lower
bolling substences than the anticipited sixteen~carbon pom=
pounds; or as hss been pointed out, the excited mercury has
enough energy to rupture the H-H bond to produce hydrogen
atoms. This atomlc hydrogen may cousbine with fregments to
forw wore lovw molecular welght or probubly gaseous hydroe
carbons. MHut, in light of previous investigations, it would
geen that the octamethyl oetane would be the chief product
with &ll or sose of these other compounds present in smaller
quantities,

The hydrogens that are split off would form moleculay
hydrogen, As the reuctlon proceeds, the amount of hydrogen
should increase as Indicated by &« rise In pressure. It would
seen unlikely that unsaturated products would exist to any
appreciable extent in this atmosphere of largely hydrogen at
relutlively high opersting pressure.

The desired product vas not listed in the literature,
but it should be clogely related to 2,2,3,3,6,6,7,7T-0cta~
methyl octana. %hizmare lists 74.8° C. for the melting point

of that hexadecane.

Y _
James ¥hitwore, J. Amer. Chem. Hoc,, 63 (l94l), p. 1626,
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In a siailar panner, one would loox for the forpatlion
of longer chain compounds if cumene, 2.4-dimethyl pentane,
and £,3%-dimethyl butene underwent the suzpe kind of photo-
chemicul treulment.

A4 high bolling, or sven solld, product nay be obtained
when, s8ay, cumene reacts. Toluene also should yleld a related,

unalikylated ethune derdivative.

” H
ﬂ H
rf-e-n IrQ— -
IP—(” Q""
O v (D — (i
W C‘» ’Q—“ "‘Q S LE Q ~
"' » n A

No data are avallable concerning the tetramethyl deriva-
tive of diphenyl ethane, However, the propertles of the two
predicted products are iikely to be nesrly the same due to the
similarity in structure. A Handbook of Physies and Chemistry
gives a boiling point of 272° C., refractive index of 1.5761
at 20° C. when a sodium Deline is used, and a specific gravity
of 1.30%} for dAiphenyl ethane. |

Dipethyl butane and dimethyl pentane would probably react
in an analogous fashlon so that dodecanes und tetradecanes would
be formed. But the structure, that 1s two tertiary hydrogens
in euch molecule, suggests the possibility of cyecligation, If

¢ycligation should oecur 1,1,3,3,4,4,6,6~0ctamethyl ecyclohexane



iz

might be the main fraction from dimethyl pentune, while
1Ly 2,8,3,3,4,4~0ctanethyl cyclobutane mould be expected
from dimethyl butane,

Cyclization products could be easlly separated and ldenw
tified becmuse of the difference in physical constants of
alkenes and cycloparaffins. Use of the refractivity inlter-
cept 1s made in distinguishing the hydrocarbon types which
differ in this physlical constant. <the refractivity Intercept
b 1s defined by the equation

n% « 0.5 % + b.>
The low bolling napthenes have & refractlivity intercept of
1,04C0 wihlle puraffins bave a value of 1.0481,

Heactlon products obtained as described above, 1f they
form as predicted, would be of particuler interest to induse
try in which the hydrocarbons related to those clted are
light ends of petroleum refining. The reascrably low bolle
ing points and extensive branching suggesting high octane
nunbers ure of Interest for they may be utllized as nigh
octane fueis for internal combustion engines or for blend-
ing asgents in maXking such fuels. The Increesing demand for
better fuel might partlally be met by & comnercial photo-

chenical process,

5 : :
Homer Jones, "Analysis of the Raptha Cut of Crude 041l,¢
{Unpublished Yaster's Thesis, North Texas State Teachers Cole-
lege, August, 1838), p. &6,



CHAPTER IIX
LHE APPARATUS AND FROCEDURE
The Flrst Unit

Tha‘firﬁt apparatus consisted of & small quarts reaction
vegsael connected to & mereury-geszled shilrrer by uweans of 8
rubber sleeve, The electrically driven stirrer was extended
almost to the bottom of the flask to contlirously asgitate the
sercury there, thus keeping the hydrocarbon lsyer satursted
with the wmetalllc vapor, The unit was mounted on a flexifrane
80 that the light from a Breun Flopolight, slso aupported by
the frame, would furnish the ultravioclet radlation, 2536 E*

After the resctlon vessel had been charged to the neck
with about 30 e¢. of llguid, the lamp was turned on and the
stirrer motor started. Two runs were made using cumene (180«
propyl benzene) for & 84 hour and & 120 hour run. 4 third
run was nade using E,4-dinethyl pentane. It wes allowed to
ran 75 hours.

At the end of each run, the hydrocarbon layer was re-
moved by dlsconnsceting the resctlon flask at the rubber sleeve
and pouring the contents into & glass-stoppered container,
ihe refractive index wes recorded as read from the scale of
the Abbe Refrsctometer. If there vere sufficient difference

in the index of refraction of the charge and the product to

13
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indicate a reaction, the product was fractionsted in & smell
fractionating column which consisted of & glass spiral enclosed
in a glass tube. The column was Jacketed to prevent excessive
heat logses to the air,

The index of refruetion, n%?, the niero bolling range,
and the speecifle gravity were deternmined for sach f{raction.
The constants were coupuared to those of the charge 4s well as
those of the anticipsted product. In case the produet sought
wag not llsted in the literature, c¢ompurison was made to physie

eal constants for a closely reiuvted compound.
The second Unit

The second apperatus was designed asg & simplified unit
to allow & vapor phase reaction with the mercury supplied by
&@téllie mercury in the bo.ler,

The disgram, Figure 1, is a schematie representation of
the uwnit, 4 500 ml. EjJeldahl flask was used for the boller.
It was seasled to & glass tube (inside diameter of 39 mm,)
that contained a Westlbnghouse Mo, WL-T88~3C Sterilamp. The
laup contained @ mixture of neon and argon at an absolute
pressure of 16 mm. Kighty-five per cent of the radiations
ware 2036 2 long. 7The metal electrode ends of the 34.5 inch
Sterllamp were [itted Into sockets. A topper wire spiral
¢onnected one of the sockets to a nonex electrode, The other

was spilced to & length of Ro. 28 iron wire whiech lead through
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the condenser and ballast to the mercury manometber. The mere
gury served as the other electrode. 4 Vestlnghouse ST-T70
transformer supplied & current of 50 milliasmperes &t an oper-
ating voltage of about 450 volts.

4 water condenser { condensed the hydrocarbon vapor as

it flowed from the reaction vessel., The condensate wes lead
back to tne svill pot through & trap T whidh prevented back-
flow.

A take-ofi Just below the condenser lead to ihe open
mercury senometer which could be used 60 measure absolute
presgures up to three and one~hslf atmospheres. A ballast in
the line was for volume to tuke csre of the gas that resulted
from the reuction,

Heut was supplied to the boller by & Cenco electric heater
eontrolled by an sutotransformer. 4 spiral of No. 26 nichrome
wire was used to heal the resction tube. The tempercture, obe
served from & thermometer attached to the Sterilamp, was cone
trolled by another autotrensforuer.

The hydrocarbon was charged to the evacusted system
whieh had been checked for leeks with a hizh voltsge Tesla
coll, A few pilliliters of liquid was left in the funnel ¥
each time to prevent an sir Influx into the systemn. The hydroe-
carbon was contained in the trap T and boller B. The unit
was sesled off Just below the fununel to remove stopeocks Lrom

the system.
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The heaters and ths Sterilamp vere turned on, and initiel
menometer readings were woeds, The tenmperature of the reactlon
vesscl was cdjusted so thoub flow was established and maintained
through=out the run. At intervals during the run, pressure
differences wore recorded, slong =»ith the barometrde pressure,
and tempercture at thaet lime.

Three hydiroearbois, cumens, toluene, and ilsooctane, were
ran on this wndt. The sversge time for each run was 96 hours.,
Ab the end of thet tlue, the product was withdrawns The charge
wWAS regovered Ey fractlional distiilation on a large fraction-
eting colunn made of nilchrome gauze spirsl in a glass tube
anu operating at an eguivalent of RO plates under totsl refliux.

The physicsl constants were deterwined for the fractions
and used agaein to detect a reactlon and ldentily sone of the

products loruedw--if any--cnd their noture.
The Third Unit

The apparatus used in this set of experiments was essen=~
tially the same as Walker used in his work =ith isap@ntane.l
The modifications in deslgn were: (1) increuse in boller
volume to ensable a larger smount of hydrocurbon $o be handled
per run, (2) addition of mnother rsaection vessel in serles
with the other one, (3) use of a brllast to take care of the

large volume of gases {ormed.,

1 .
Walkey, DR cit;; P 10,
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Figure 2 is the disgram of the apparatus. About 200 ml.
of the hydrocarbon was charged to the evacuuted systen by
aeans of the funnel ¥, Flow was controlled and air kept out
of the system as descrlbed in the procedure for charging unit
two. The charge entered the systemw through the eleetromag-
netic trap v which was made by sealling a piece of metal I in
the lower part of a ground glass Jjoint. A solenocld opersted
by a transformer was used to raise the lower part thus clos-
ing the system sfter lutroduction of the hydrocarbon. With
a vacuum,still on the line, the stopecocks were sealed out by
collapsing the small dlameter tublng 8.

The cherze was collected in the trap T1 and bvoller B.
Ty was designed primarily to prevent backwsrd flow, The boller
was sealed Lo the fractionating column F made of & nlichrome
gauze spirsl paseking ln a glass tube. A nichrome spiral heated
the coluwmn to prevent flooding, while an asbestos sheet supr-
roundlng the tube Insulated the coluun., The heuters were regue
lated so pertial condensation oeccured along the gauze spiral
to inereasse the effectlveness of the fractionatlon, At total
reflux, the column operated at an equivalent ol 20 plates.
ihe hydrocarbon vapors condensed on & Friedrich cold finger
at the top of the column. The temperature of the condenser
Cy was maintained low enough to ¢ondense the vapors of the
hydrocarbon of thet particular charge., The condensate dropped

into the recelver and flowed into the trap Tg which controlled
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the rate of flow. Ty was connected by a condenser Cx to 8
heated mercury saturator comtaining about 50 ml. of mereury.
A head made by the inereassd pressure from the boller heater
foreced the hydrocarbon into the saturator vhere it evaporated
fron the hot mercury surfece, The mercury-saturated vapor
flowed to the first reactlion vessel Ry through a 13 mm., glass
tube heated to keep the mercury and hydrocarbon in the vaspor
phase,

The reactlon vessels Rj and Rg were constructed of 39 mm.
pyrex tublng connected by smaller diameter tubing. Hach con-
tained & VWestinghouse 3terdiamp like the one deseribed for
unit two, 7Two Westinghouse transformers furnished the current
for the lamps through nonex electrodes, A thermometer wus
attached to each Sterilamp and No. B2 nichrome wire spirals
heated the reaction vessels to such & tempercture &s was
necessary to kesp the reaction in the gaseous phase.

The inclination of the reaction vessels was such that
any condensate formed a&s a product would flow down through
condenser Cg into trep T;. The unreacted charge as well as
the product was condensed Iin this cold spot. A4As the trap
filled, a gravity head forced the two into the boller where
the charge was vaporized and recirculsted while the heavy
high volling product was concentrated. The condensers were

connected in series. 4 glycerol-alcohol mix maintained at
o° C, was clreulated by & centrifugal pump through the Jackets
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except when the bolling point of the hydrocarbons allowed the
us.. of tap water.

vhe nlchurome wire spiral heaters werea controlled by auboe
transforsers--one each for the sereury saturaiosr, the reactlon
vessels, the [rectliometing column, and the boller hester. fhe
spiral wes wound on the element Lo be healed in all cuses eX-
ceplt the bolier, +The boller hewter wus wound on asbestos paper
rather than directly on the boller. tThe voltage regulators were
adjusted so that flow was established und mainteined at a desired
rate for the hydrocarbon charged.

A sidearn between the tywo reaction vesse.l.s was connected
to cn open mereurial munometer capsble ol measuring & pressure
difference of 2000 mm. & sidears frow the munoweter tube lead
to & balliast made of an inverteddliter flusk drawn ang sealed
into the systen.

three lsooctane runs were wade with an average time of
8¢ hours per run, Seven 2,3-dlmethyl butane runs were made.

shen & run had been completed, & gas density was deter-
mined by an Edwards balance ﬁgia@ oxygen for o standard. Each
gas was sdmltted to the evacuated balunce chauber and the
pressure adjusted until the rider was balanced. The pressure
difference &s reud from &n open mercury wanoneter wis Conw
verted to absolute pressure. Using the relationship,

p Ges Hol., t. Og

where p 1s the absclute pressure in nm. of mereury reguired
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to balsnce the rider, the average molecular welght of the gas
gauple may be calculated. The gas sauple was taken from &
caplllary at the top of the first resction vessel by breaking
the caplllary into pressure tubing which lead to & freeze-out
trap then to the Ldwards balance.

The ligquid produect wus removed by bresking the tip from
the drawn ceplllaries on the traps and boiler and dralning
the liguid into u glass stoppered receiver, The unrescted
hydrocarbon »as reccvered by fractionalion to be recharged,

The product ves fpactionated in & small column under
reduced pressure to prevent "gracking.® The physleal cone
stants were detsrmined in an effort to ildentify the hydrocerw
bons in ths products and to determine the nature of the reac-
tione.

The combined isooctane yields and & gas sampls from run
No. 3 were sent to the YTexas Company, Beacon, New York Rlabe

oratories for snalysis and ldentification.



CHAPTER IV
RESULTS
Results Obteined from the First ﬁait

4 study of the illuminstion products in the first undt
indicate very little in the way of & reaction. The difference
in the refractive lndex of the charged cumene, n%? ¢ 1.4892,
and the product, n%? z 1.,4900, was within the limits of experi-
mental error. However, it was noted that as the run procseded
a8 white solld formed on the mereury in the stirrer receptacle
and & mercury scl formed In the resciilon vessel. The white
solid which did not melt was probably a mercury salt because
an lgnition test gave & black residue and a basic litmus test.
At the end of the third run with cumene a8 vwhite precipitute
was observed on the side of the resction vessel next to the
ultraviclet lamp, Ihe crystals were removed from the flask
along with some ol the mercury salt. There wus not enough
of elther to effect & separation, so the two were trensferred
to & micro meltinzg point tube. At 200-210° C. yellow oll-like
droplets formed in the tube, They were fairly evenly dlstrie
buted in the mercury salt shich, of course, did not melt.

The results of the 2,4-dinethyl pentane also indicated
some reaction, The liquid taken off had an ethereal odor and

some mercury had plated out on the side of the resction cell
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next to the light source. The liquid was not fractionated,
but a difference in the refractive index, 338 s 1.3815 for the

product and u?S = 1,3794 for the charge, was noted.

Results Obtained from the Second Unit

The results ol the cumene, toluene, and isooctane runs
were comparable. In esch case, & greenish-yellow color appear-
ed in the ligquid in the trap after a few hours of run, & brown
residue costed the lamp, snd the contents of the boller were
reddish brown.

In Table 1 the data are shown for each of the three hydro-
carbons reacted in this unit. The temperature listed is the
average temperature maintained in the reaction vessel after
flow wes established. P; was the sbsclute pressure due to
the vapor pressure of the hydrocarbon and was recorded at the
time flow was established while P, was the absolule pressure
recorded just before the run was stopped. The refractive in-
dex of the product was the value for the liguld as it was taken
from the unit.

TABLE 1
DATA FOR THE RUKS

‘ : 5 ~
‘ ’ o 0L Run time
Compound | P; mm PR mm ’T C. Product [Charge hours
Cumene 3.45 | 4. 01 |111 1,489 |1.4889 80
Toluene 530 [14.97 |158 1.4928 |1.4928 iia
Iscoctane | 8.44 [37.78 | 159 1.49E5 |1.35885 Z 54




A spiral of the reaction vessel heater burned out at
the end of 34 hours on the isoocctane run and shorted the
heater to the frace, <The intense heat cracked the unlt so
that t.1s run was stopred premcturely. However, the lncrease
in refractive index and pressure suggested & more extensive

resction in t.is run than in elther of the other two.
Results Obtained from the Third Unit

The general characteristics of the runs were in aceor-
dance with those obtained by previous investijgatlons, That
is, the pressure wus low at the beglinning bul steadily rose
to a paximun a few Bours bvefore the run was stopped. The
absolute pressures in ms, at the indtlal part of the three
runs vere 1378, 1433, and 1415 while the corresponding final
pressures were 26v0, 2581, and 26865, As long as the liquid
wes Llovlng wnd tne pressure was not dropiing the run was
continued. The averuge run time was 94 hours. The tempera-~
ture in the first resctlon tube aversged 689 C. but was lu-
ereased to about 78° C. during the last run., The second
reaction tube was operasted st an aversge of 75°% C. but wes
increased to 84° €. 1n the lust run.

Of the 175 ml, of isooctane charged per run an average
of 100 mli. were racmvarea'by fractionation and recharged to
the unit,.

tThe vottoms frosw the above-mentioned fractionation were



then vacuum distilled into fractions. & pump capable of pro-
ducing & 3 mm pressure was used but stopeocks in the gnit
were controlied 80 that the distillstion was not carried oulb
in such & high v&cuum. In Table 2 the rasults of this sep=
aration are ¢lven. The specific gravity was determined by
use of & pycnometer. The boiling ranzes were found on miero
egﬁipment. Cne point of interest was thut 874 of the product

haed & boiling range above 2200 C. at atwospherlc pressure.

%

TaBLE B

PREYSICAL CORSTANTES OF 1THE FRaCTIOLS

Fraction BiRs C.  n80 g gp, 20 £ of total

at 10 mm volume
1 104-105 1.381l 0.691 . B
P 109-110 1.3918 veese trace
3 169"178 194147 [N RN l
4 182-195 1.4318 0.765 4
5 198-210  1.433%2 0.T70 6
6 above 28C 1.450C C.809 a7

Determination of ges density showed an aversage of 14.47
for the gus samples from these C-8 runs. This suggests that
the gaseous products have low molecular welghtis.

an analysis of the entire product by the Beacon laboraw-
tories of The Texos Company geve the analysis shown in Table
3. A BO~theoretical plate pPodblelnlsk column operated st 24
tahe«ofl was used to fractionate the sample st reduced pressure,
The densities and refrective ludices were determined for each

cut and plotted as shown in the distlillation eurve in Flgure 3.






TABLE 3
ANALESIS FROM DISTLLLATION CURVE

' ' B. B.
Cut | Pra@uct O¢ at 10 mm Volume £
1=5 Forerun 67«117 <8 2
E-16 Eicosane ll?~ll7 6&
17-18 nesidue 117=-175 10

cut ﬁo. 13 was snalyzed far carbon and hydrogen by the
combustion method and & molecular welght determination made. 1A t%év
The results shown in m&bia 4 indicate thet }he main portion yf
of the sample was not the predicted (g Hskgbut a Lgo Hag
paraefiin. lack of literature on the largeJQme@r of possi-

bilitiles mede an estimate of the structure impossibla. Howw
ever, constants of the produet roughly followed those of thﬂ

hydragenat@& butylene pent dmers.

TaBLE 4
D:LTA FUH EJCOSAKRE AND IsVBUTYLERE rENTAKER

20 2 oo, 0 —
: ; . P "G HOl. o
Compound nu 44 | at 1o my  Wt. e #
Elcosane 1.4550 0.8136 117 EY?. 278, 84.31 | 14.77
{Product) . 250
(Liﬁ&r&tm) * 2 4 & B - N bW » w ¥ 283 85&-}-1 l‘&' &ﬁg
Isobutylene |1.4584 0.8087 | 150 | 283 | 84.82 |15.18
pentager . :
(hydrogenated

The composition of the gus was deteruined by the mass

spectrogreph. The gas was 65,54 hydrogen. Swaller amounts

faper— e
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£9 J
W)//» i
of oxygen, 6.64, and nitrogen, 27.8%, were present, The latter
twe were roughly in the proportion as in eir. Frobably their
presence vas Jdue to leaksge of the sample tube,
f the seven dimethyl butane runs were nude with the tempe
gférature of the reactlion vessels maintalned ot 80° €. The

{ | aversge absolute pressure at the luitisl part of the run was

et i

¥
4
¢
]

J 104% mmy while 2684 mm was the averuge final pressure. The
finzl pressure was yeached about 125 hours after flow was
established,

A 4% yileld of higher boiling product was obtained frém
the 175 ml. of hydrocarbon charged per run. The charge was
removed by lfractionation. The bottoms from all the rugs were
mixed and sent to the Texus Company laboratories for complete
analysls.

xemination of the composite mixture showed a refractive
index (£4.89 C,) of 1.4509 as compured to 1.8734 for the charge
at the same temperature. (aleulation of the refractivity inter-
eept for the mizture was 1,0461 vhich was ln agreement with
that for paraliins,

vn fractionation, slightly more than 90 volume per ¢ent
had a boliling renge above 1709 €. at atmospheric pressure.
However, about l.5¢ distilled at 110-180° C. The refractive
index (24.8° C.) for thls cut was 1.4877.

The gas denslity recorded for rans & and 7 were 6.41 &and

5.60 respectively.



CHAPTER V
THE CONGLUSICR

Frop the analysis of the product obtalned by the illume
ination of mercury-sensitized isooctane by £536 { radiation,
one reaches the conclusion that the reaction was not one of
sinpple slkylation as was expected., The C-{ bond rupiuring
seems Lo have been the extensive effect. Splitting between

the second and third carbons, as shown, would produce (-4

» | o
. H-("'H' -

4 T
H-g_é—ac~$—q-n
P R P
"‘C-H:
1
oy

Q

fragments. Combination of these fragments could seccount for
the formation of the CgpHupe paralffin. An analysis of the liquld
recovered as unreacted lsooctane would be helpful singe the isow
lation end ldentiflcation of any low bolling fragments, or tmild~
ing blocks, would be useful In determining the nature of the
reaction, |
Studles should be made concerning the effect of heat on
the nature of the product. Further investigations should be
made wlth the other hydrocarbons considered herein.
Cumene, toluene, and 2,4-dlmethyl pentane should be reacted
in a large unit and the products that are obtained anslyzed.

Such an snalysis would probably Indicate whether the resction

30
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was one involving the removal of the t-hydrogen or whether
there was extensive C-C baﬁa splitting. 4 number of runs
made at different temperatures, rates of flow, and lengths
of run time probably whuld show the effect of sach of these
varibles on the nature of the product and consequently suggest
& means o controlling these ruptures to produce the desired
product.

in analysis of the product obtained from the 2,3-dl-
mgthyl butane runs would be useful for the same reasons.
Possibly, the conditions necessary to produce cyclization

could bhe determined.
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