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HIoTUnICaL

Condensations
A history of condensation reactions brought zbout by
such catalysts as sulfuric acid (1), zinc chloride (&),
phospunorolc anhydride (2), phosphoric acid, phosphorous
pentachloride, ascetic acid (4), sulfuric and ccetic
acid mixture (5), magnesium chloride (6), stxnnic
chloride (7), hydrochloric acid (&) and sluwinum chloride
(2) have been covered by former worksrs in this labora-
tory. However 1t was felt necessary to include a brief
summary of research work carried out in this laboratory
involving the reactions between alcohols and benzene in

the presznce of aluminum chloride as a catalytic agent.

The first work in this field wss stated by Huston and
Friedemann (10) who found out that primary aromatic
clconols r=zzct with benzene in the presence of sluminum
chloride. Tenzyl alcohol rencted with benzene to give

di-phenyl methsne according to the euuation:

w — b~

"hen equimolecular amounts of the reacting substnnces
are used the yields of di-phenyl methane are not large
(about 207) &nd the yields of szcondary products

p-o-dl-benzyl benzene, anthracene snd tar are quite large.



If an excess of benzene (5 moles) is used the yield of
diphenyl methane is increased, the yield of tue secondary

products is decreased.

Later Huston and Friedemann (11) showed that secondsry
sromatic alconols condense with benzene under the aehyd-
rzting influence of anhydrous aluminua chloride according
to the general equation:

H q

: H, (1 Clg) : i i
115— C - 0d 24 C6h6 e _ldzl_ S C’Gd - C - Cehs + 120

| !
R R

Ce

“hen R is the phenyl group the r-oaction is smoothsr and
a larger yield of condensstion product 1s obtained then
when R is a methyl of etliyl group. The ethyl group has

a greater retarding effect than the methyl group.

An excess of aluminum chloride tends to eliminate a phenyl
or an alkyl radical from the product especially if the

temperature is not kept low.

Huston (1) found that triphenyl carbinol did not condznse
with benzene to form tetra-pnenyl methane as expected,
instead the product formed was tri-phenyl methane which

can be exnressed by the equation:

(C6h5)3b'0d + C6H6 -.—-(Al_Clg)..) (CGH_)EH + _________

Mpparently, the oxygen is removed from the carbinol end its






its disappearance or migration has not been determined.

Huston and Sager (13) reported that saturated aliphatic
alcohols (methyl, ethyl, propyl, iso-propyl, butyl, iso-
butyl, amyl, iso-amyl) do not condense with benzene.

Unsaturated allyl alcohol condenses with benzene according

to tne equation:

o s . T . ol ~T TN TT | . .
HoC=CCH OH &  CgH (A1C1a)sCH CHCHCeiy  «  H.O

The yield of the allyl benzene was 167,

Huston and Cagar reported in the same Journal that of the
alconolic derivatives of aromatic hydrocarbons, only those
in which the hydroxyl group 1is on the carbon adjacent
to the ring condense with benzene in the presence of

anydrous aluminum chloride.

Unsaturation on the carbon adjacent to the hydroxyl group
increases the reactivity of the hydroxyl group toward

the dehydrating effect of aluminum chloride.

Huston and Goodemoot (14) condensed cyclo alkyl carbinols
with benzene in the presence of aluminum chloride snd found
a progressive increase in activity as the number of carbon

atoms of the ring is reduced from six to four.

Huston, Vilsey, and Hradel (15) found that di-aryl alkyl
carbinols do not condense with benzene in the presence of

a luminum chloride, instead dehydration occurs, as expressed



by the equation:

(C"I_IE:)‘: C‘_JT:I
888 cu 4 CgEg -(81Cla)y €0 ccitE, . HY
C, Hy Y655

Later Huston and ¥acomber (18) showed the s:muwe effect in
worklng with dialkyl aryl crrbinols:
C.hrx

0 ¢ =9 L a1 28O ccucy 4 HO
- ; 66 CoH i < ~
<5 g5

Muston and Hsieh (17) with slight modifications in the
normal procedure for condensations were able to condense

alephatic s2lcohols with bznzene and benzene derivatives.,

Huston and Tox (18) condensad tertiary butyl alcohol,
tertisry amyl alcohol, dimethyl n-propyl carbinol and
dimethyl iso-propyl carbinol with benzene to form tertisry
butyl b:nzene, tertiary amyl benzene, dimethyl n-propyl
pienyl methan ond dimethyl iso-propyl phenyl methane

in good yields.

fuston and Rinder (19) condensed dimethyl n-butyl carbinol,
dimethyl iso-butyl csrbinol, dimethyl secondary butyl
carbinol, methyl ethyl n-propyl carbinol, methyl ethyl iso-
propyl carbinol and tri-ethyl carbinol with benzene to
obtain in good yield di-wethyl normnl butyl phenyl methane,
di-methyl iso-butyl phenyl methane, di-methyl secondary

butyl phenyl methmne, methyl ethyl n-propyl phenyl methane,



o

metiyl ethyl iso-propyl phnenyl methene =nd tri-ethyl

‘phenyl methane.

Huston and Sculati (:20) condensed dimsthyl amyl c=rbinols
(n-amyl, iso-amyl, active sazyl =nd secondsry emyl) with
benzene in the presence of aluminum chlorice to form the
alkyl benrzene and 2lso found th=t the brenched chain

carbinols showea decrensing readiness to condense vith

benzene as tlie branching approsched tue carbinol group.

Prancining of the tertizry aliphatic atoms inhibited con-
densation with benzene especisally if the brancuing occurred

near the tertiary group. <

Summery

l. Primary alipuatic alconols do not condense with benzene
in the presence of =luwinuim chloride under the given ex-

perimental conditilons.

Z. Cfecondary and tertiary eliphatic alcohols condense
with benzene in the presence of aluminum chlorlie to give
the correspunding &#lkyl benzZene. The tertiszry alcohols
reacn more reacily and five higher ylelds of the alkyl

benzene than the secondary alcohols.

&. Primary and secondary aromatic alcohols condense with
benzene in the presence of zlumlnum chlorice to form
benzene derivatives., Tertiary aromatic alconols do not

conucuise with benzene.



4, Yixed tertiary =sliphatic-z2romatic alcohols do not

condense but the dehydrastion occurs.

5. Unsaturatea primeary alcohols with the cdouble bond
adjacent to the carbon contalining the hydroxyl group

condaense with benzene.

6. Branching of the tertiazry aliphatic atoms inhibit
condensation with benzene, particularly if the bronch-

ing occurred near the tertiary group.
Other Methods of Prepering £1lKyl Renzenes

There are many ways of preparing alkyl benzenes recorded
in literature. The polywmerizatiocn of alkyl acetylenes
(1), the reduction of phenols or ketones by zinc aust
(2z), the use of zine alkyls and benzyl chlorides (£2),
and the dry distillation of &an aromatic acld with soda

lime (24) have been successfully used.

~ The most frequently used methods are the Tittip Synthesis
discovered in 1924 (25) z2nd the Friedel and Cr=lt re-

action discovered in 1877 (<5).

The Gringnard reaction can be freguently emploved &= in
the preparation of normal propyl benzene from the r:action

of benzyl magnesium chloride and di-ethyl sulfate (£7).

Alkyene benzene derivative prepared from Grignarcs can

be reduced to alkyl benzecn:zs (£8).
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Materials

n-Rutyric Acid

This substance was obtain=d frow the store room;
having a boiling point of 16z° to 123" C.
iso-Butyric acid

C.P. iso-Rutyric acid wss obtained from the Central
gclentific Co. at Chicago, I1l. Boiling point -
151.57 to 154° C.

n-Rutyryl Ciloride wz=s prepared by the reaction of
prhosphorous tri-chloride on buffric acid (£9) accord-

ing to tre ecuation:
zCizCa, CH Cuun  + PlLg —-- 3CH,CH CH_COCL + P(0H) .

Foiling Point 100° to 101° C.

iso-Rutyryl Chloride was prepared from 1so-Butyric
acid and phosphorous tri-culoriae. Roiling point
90 to 91° C.

Pthyl bromside (C.P.) was obtzined frow ths store room

and was a product of the Zastman Kodak Co., Rochester,

N.Y. Boiling point z8.0° C.

Magnesium. Fresh Vagnesium turnings were obtained
from the store room and allowea to rewain in a vacum
dessicator, using CaClb as the denydrating agent,

until ready for use.



10.

Anhydrous diethyl ether (C.P.) was obtained frow the
store room znd was allowed to stand over sodium,

and as 1t was neecea the ether was distilled on a
water bath. Roiling Point 24,5 C.

Ethyl Magnesium Bromide was prepared as described
under Grignard Rezgents.

Dietiyl n-propyl carbinol was preparea by hydrolyz-
ing the product formed when two moles of ethyl
magnesium broniide reacted with one mole of butyryl
chloride.

Iiethyl iso-propyl carbinol w=s prepered by hydrolyz-
ing the product formed from the interaction of one
mole of 1so-butyryl chloride and two moles of ethyl

magnesium bromide.

11. Benzene (C.P,) trio-phene-free was obtained from the

store room and allowed to stand over sodium znd be-
fore using the benzene was distilled from a l'urtz

flask on a water bath. Roiling peint. 79.60 C.

12. Anhydrous aluminum chloride (tech.) was obtained

from the store room.

Preparation of CGrignard Rezgent (Z0)

In a three liter thiree —-necked flask fitted with 2n

efficient stirrer, reflu~ condenser and dropping funnel

is placed four moles (22 grams) of fresh Nagnesium

turnings.



Thirty ml. of a mixture of four moles of the halide and
500 ml. of dry anhyarous ether is added directly to the
dry msgnesium. After the reaction has started snd pro-
gressed a few minutes, £00 ml. of dry ether is &auded
directly to the reaction flask or mixture. 475 wl. of
the above halide-etner solution is placed in a separatory
funnel and odded with stirring st the rate of one drop
per second or less. The remainder of the ether-halide
solution is diluted with 300 ml. of ether and added at
the same rate. The mixture 1s allowed to reflux during
the addition with no external coollng being applied.
After 211 the ethereal-halide solution 1s added the
stirring is continued for four hours and sllowed to stand

over night.
Preparation of Octyl Alcohols (71)

In general the preparation of the tertiary alcohols,
di-ethyl n-propyl carbinol (Z-ethyl hexanol-2) and di-
ethyl iso-propyl carbinol (2-methyl-Z-ethyl pentenol-7)
moles of ethyl magnesium bromide with two moles of the
proper a2cid-chloride 1n ether solution or in other
words, two moles of ethyl mognesium bromide with one

mole of the proper ncid chloride in ethar solution.

Two moles of the acid chloride was dissolved in five
volumes of dry ether. The 2ddition of the ethereal-acid-

halide solution to the four moles of ethyl msgnesium



bromicde was sccomplished by mesans of 2 dropping funnel
at the rate of a crop per sccond. The high rate of di-
lution and the slow rate of additlon w+-s necessury to
control the reaction. 2lso rapid and vigorous stirring
(mercury secaled mechanical stirred) proved very helpful,
~After the lust acld-halid-ether mixture wos &dded the

mixture wes allowed to stir for four hours.

ffter standing ov-rnight the mixture was hyarolyzed by
pouring the contents of the flssh on ice and tresting
the resulting procduct with concentrsted hycrochloric

acid until the mixture becowmes clecr.

The ether-woter layers were sepsrntel by the use of a
separatory funnel &nd the remsining wrster solution was

extracted three times with ether. The ether extracts

were combined and the ether distilled off on a wster bath.

The product wes cubjected to distillation under reduced

pressure.

I'i-ethyl n-propyl carbinol was colleected between ag”
and 48° C. at €mm, pressure. Roiling point at 718mm.
was 15.'5° to 155 C. The following constants vicre re-
corded in literature as foll o ws:

B.P. 155 te 159 C.
758mm.

o 3
R.P. 158 to 159 cC. (1€90.%F)
760mm.
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a
SR
~ &

Dy 0.£365

v 1.42:216

'i-ethyl iso-propyl carbinol was collected betiween 54
and 56  C. at 5mm. pressure. Boiling point at 748mu.

) o
was 156-157

The following constants were recorded in litereature

as follovs:

B.P. 159.5 to 161 <
750mm.
p<0  e4625
=0
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Condensations

Genersal Procedure

A 500 ml. three-necked round bottom flacgk wns provided
with a mercury sezled mechasnical stirrer, a tube to re-
move hydrochloric acid fumes, a thermometer, and a
separctory funnel. Eenzene (five cquivalents) was placed
in a flask and the stirrer started. The entire amount

of aluminum chloride (one-half equivalent) w=s added to
the benzene and uniformly suspended in the benzene. The
carbinol (one eqguivalent) was added by means of o dropping
funnel znd at &« rate of a drop every five seconds.
Considerable amount of hydrochloric acid was evolved
during the addition of the carbinol. The temperature

was maintained between £5 and 20 C. No external cooling
was necessary, After all the carbinol was added the mixture
was stirred an additional four hours. UTuring the addition
of the carbinol, the mixture changed from a yellow to a
dark red color. The mixture was allowed to stsnd over
night and then decomposed with 1ice and concentrated
hydrochloric acid. The benzene layer was sepercted and
the aqueous portion extracted several times with smsll
portion of ether. 1In the ether extraction hydrochloric
acid was added to destroy the ether-water emulsion. The
ether and bensene extracts wsre washed with dilute sodium

carbonate solution to remove the excess hydrochloric



acid and allowed to dry over calcium chloride. The
ether and benzene was distilled in a fractionating column
on a water bath, then the remzining mixture wns subjJected

to reduced pressure.

Ll-ethyl n-propyl corbinol, benzepne and 2luminum chloride

Following the proceaure above, but using one-sixth mole of
the carbinol, no fractions were obtained wnhich consisted
of the desired hydrocarbon so a larger cucnity of carbinol

was used:

Grams Equivalents lloles
carbinol Z2.5 1 ' 1/4
Renzene 97.8 5 11/4
£luminum chloride 8.4 1/: 1/8

The following fractions were obtained zt 1S5mm. pressure

1. 46’ - 115 c. 7.0 grams
£, 115 - 118 C. 12.1 granms
Z. above 118" C. 2.0 grams

The second fraction, after msny distillations had a const-
ent boiling pouint between 1160 and 117° C. at 15mm. =nd is
di-etihyl n-propyl phenvl methane yield. Roiling point

at 745mm. wss 137:-237.3- Ve 14 = 2".‘{7"

-4

1<,

The fraction between 48 - 115 C. ylelcded tvo other fractions

o

47 - 50 C. @ 15mw. and 82 - 67 C. @ 15mm. the former



14.

consisting largely of unsaturated product (Z-ethyl
hexene-2) and the latter faction contained Z-chloro-2-

ethyl hexane and some unsaturated compound.
Equation of reszsction

&

ChyCil,C4,C ~ O Cailg A1CL2) LCaCH CH, - C - Cgllg + 1.0
|
C2H5 C2H5

Analysis of fraction

"t. of sample Wt. of Carbon-dioxide ¥¢t.of water %C. 7H.
.£160 .6986 .2249 88.50 11.65
.2070 L3321 .2153 gg8.15 11.64

Molecular wt. determination

vwt. of Benzene Vt. of sample Temp. diff. fol. ¥'t.

o

17.560 .8201 .9Z25 188.1

(¥

17.560 .5250 78’ 188.3
Calculated fOP C14H22..o"..000000000000000 190018

Di-ethyl iso-propyl carbinol, Benzene and Aluminum Chloride.

The procedure, as outlined above, was followed aga in,
belng unsuccessful in isolating any fractions containing

the desired hydrocarbon when one-sixth mole of the
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carbinol was used. Therefore the latter procedure used

one-fourth mole of the carbinol;

Grams Equivalents Moles

Carbinol 22.5 1 1/4
Benzene 97.5 5 1 1/4
Aluminum Chloride 8.4 1/2 1/8

The following fractions were obtained at 1l4mm. pressure:

1. 46 - 1125 C. 8.0 grems
2. 112 - 115 C. 11.7
2. apove 115 C. 5.0 "

o

The fraction having boiling point betiween 112 - 115°C.
was distilled scveral times and a liguid having & bolling
point between 117 - 114°C. at 14mm. wus obtsined. This
liquid is di-ethyl iso-propyl phenyl methene having a
boiling point between 2380— 239°C. at 745mm. pressure.

The yield of di-ethyl iso-propyl phenyl methane wrs £4.67.

The fragtion between 465— 112°C. yielded two other fractions
47"~ 50°C. ® 15mm. and 77-21°C. @ 15mm., the former
consistaed largely of unsaturated product, the latter
fraction contained Z-chloro-Z-methyl-3-ethyl pentane and
some uncaturated product.

Equation of Reaction

CHz C2H5 CI‘Ta C2H5

~ ) N \

- - - QE ' H e - - - I .
H /C ('{' OE + 06‘6 > H /C C‘: C6H5 + H‘;O
CHB C2H5 CHL’) C2H5
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tnalysis of Fraction

T't.of sample 't.of carbon-dioxide Ut.of water Zc. XH.

.2001 .6469 .=080 88.16 11.6J
.2020 6545 .=2101 88.11 11.64

Calculated forC H ® ¢ © 0 0 0 0O @0 " O 00 Q0O OO SO O OO 88'3 11069
14722

Yolecular vt. detzriiination

¥t.of Benzene YWt.of sample Temp.diff. rol. ut.

17.530 .5221 .789° 188.6
172560 .5621 .82 188.2

COlCU.lated fOI‘ C14Hg2 ® e 090000V ecOOL O e 190.18



THLORSTICAL

Theory of Condensations

For condensctions of alcohol, whether aliphatic or
aromatic alcohols with benzene or aromatic hydorcarbons
in the presence of anhydrous aluminuci chloride the
alpha carbon must be under strain. If we examine the
electronic structure of such a system as for example
allyl zlcohol (I) or benzyl alcohol (II) and a tertiary
alcohol (III) we can see why tertiary alcohols =zre zble

to condense.

¥ H H H cH,
¢ ¢CceTem cuHSCTOrH CH,:C oor H
P .. ‘e @) 5 .. . 5 P --
H i H CH,

I. IT. III.

The Cearbon to oxygen bond 1s relatively unstasble. This
is experimentally proved by the ease with which the -0H
can be replaced by a halogen from a halogen acid and

also by the ease of dehydration.

The electronic pair between the carbon and oxygen in I.

and II., is strongly =2ttracted by the carbon 2nd also by

the -0H group and in III. thez carbon has a weak attraction

but the -0H a strong attraction. The r=sult in either

case 1s an unstable system.

17.



Tzukervanik (22) reported the alkalation of benzene a nd
toluene by use of secondary and tertilary alcohols in

the presence of anhydrous aluminum chloride &s a catalyst,
He offzred as a mechanlism the formation of aluminum
alcoholate which decomposed to form an alkene wnich in
turn added hydrogen chloride to form the alkyl hslide and
the latter reactzd with the hydrocarbon to give the
alkylated hydro-carbon. This can be shown in the follow-
ing steps using tertiary buyl alcohol, benzene and

aluminum chloride.

1. (cHz)zCOH + AlCl, ----» £1CL1,0C(CH.). + HC1
£. 1rlcl,oc(cH,) ----> CH _C=CH_ + AlCl_OH
& C° 3 s} 2 &
CH,
3. CHzC:=CH + HC1 -—--» (CHz):C-Cl
CH,
4. (CH5)301 + Cglg --==» (CHz)zC-CgHs + IIC1

If the above coneption is correct the addition of a
tertiary alcohol to a mixture of aluminum chloride
suspended in an inert solvent should go throught the

first three steps to the formation of the alkyl chloride.

Hedrick (33) investigated the validity of the mechanism
by adding normal-butyl di-methyl carbinol in petroleum

ether to a suspension of Aluminum Chloride in petroleum
ether. Almost instantly hydrogsn chloride and heat were

evolved. The mixture at first turned yellow than a



deep red color. After the rsaction subsided a solution
of phenol in petroleum ether was added. There was no
further change in color nor any evidence of reaction.
After purification an 187 yield of n-butyl di-methyl

p-hydroxy phenyl methane was obtained.

It was noted that in the above re=ction when alcohol
and aluminum chloride reacted, hydrogen chloride was
evolved, but by Tzukervanik's conception no hydrogen
chloride would be expected to be give off until the

hydrocarbon was added.

A plausible explanation for the formation of hydrogen
chloride in this reaction is the dehydration of the
alcohol, forming the alkene, and then the water reascting
with the aluminum chloride forming hydrogen chloride and
the latter reacted with the alkene to form the alkyl
halide which would react with the aromatic compound to
form the alkyl benzene and can be expressed by:

cH CH

3 2
1.0 . !
1. CHS(CH2)3C - OH —==Z> pda(Ch2)5—$
CHg CH,
Hy CH.,
Z. CH3(CH2)3— 8 + HC1 -—-—-> CHB(CH5)3—$ ‘- C1

]
Clz CHz

19.



=0
- .

snother mechanism is offered by licKenna and Sowa (24)

who have shoun that when benzene is alkylated witn alcohols
using boron fluoride as a catalyst the zlconol 1s first
dehydrated and the alkens conienses with benzene according

to the following scheme:

i
!
CH (Cd ) 0d + BF. -——» Cd.CH C:-Cd., + H.O
3 2 3 o [ ~ " o
CH.,
‘ <
Ci;Ca.Cd CHy, ¢ Cgiy  ———- CdCH, - ? - CgHs
H

Ms further proof they state that normsl and secondary
.alcohols give identical products and iso- and tertiary

alcohols give identical products.

regreal and Niederl (25) also supports this mechanism.

P

More evidence in favor of sucn a mechanisu is in the
condensation of unsaturated hydrocarbons with aroustic
hydrocarbons, using aluminum chloride as s catalyst.
Berry and Reid (Z8) have shown that ethylene and benzene
condense using aluminum chloride =2s a catalyst. Other

works similar to thls zre numerous.

Evidence asgainst such a mechanism is slight. It must
be noted that McKenna, Sowa and Niederl used a catalyst

other than aluminum chloride and a much higher tempera-



ture than is employed in the "™ -ton method. Also Huston
and cager (28) have shown that primary 2lcohols will not

condense with benzene in the presence of aluminun chloride.

In the condensation of tertiary alcohols with benzene
there is no possibility of ether formation that may
take place but a good yield of alkylated hydrocarbon 1is

obtained.

Huston has given as a possible mechonism the clevage of
water, the hydroxyl of the alcohol and the hydrogen of

the sromatic hydrocarbon cowmbined as represented by:

.A,lﬁ K
Rgcom + Heng (A1CK) m.c - coHg o+ HO

This scheme does not account for the highly colored

complex which acconmpanies the conuensstions.

£ plausible scheme offered for condensation of tertiary
alcohols with benzene in {he presence of aluminum chloride
is the formation of alu.inum alcoholate which adds
hydrogen chloride and then splits off either hydrogen
chloride or alkyl halide =nd then the reaction proceeds

as in Tzubervanicks conception:

1. Riva 4 ALCL7 ———moee > x:0rAl'Cl: 4+ HCL
. Cl: ~'Ci’.



F:éi
2. R:0'A1:Cl: ¢ HC1 -——-3 R:0:p1:Cl:
. C1: cl
3. R0 Ai:é'}f il R-0:21:C1
;Cl: cl
R-.(_')_';AlClg -——-> R' + £1C1_OH
R!' + HC1 ---—» RC1
or
H:Cl:
SR -RC1
4. R:0 Al:Cl! -’3-—9 RC1 + AlCl oH
:Cl°
RC1 + CgHg ---—> RC.Hy + IHC1

R represents the tertiary alkyl group

R' represents unsaturated hydrocarbon

Determination of Physicel Constants

Density measurements were made by mezns of a small
- - ‘.’
picnometer. All determinations were made at £0 C.

- M)
compared to water at 4 C.

Tndex of refraction measurcements were mage with the



Lbbe Refractometer.

surface tension mecsurements were made by means of the
Earkins' Drop-ieizht dMethod and by tne Du Nouy Tension-

meter ¥ethod.

For the drop weignt method, surfacs tension was calculat-

ed frou the expression:

where surface tension in dynes/cm
m = mass of drop in graus

pull of gravity (981)

{

R : radius of tip (.27120 cum.)
F - a constant obtained from a2 table
z
corresponding to V/R"

V : volume of drop (m/d)

The Du Nouy Tensionmeter is a direct re=zding instrument,
There is a correction factor necessary snd that factor
is given by,

vt. of Cu. Wire x 981
2 x 4 x dial reading

The Theoretical molecular volume was calculated by the

formula,

a

Vi

where n numoer of carbon atoms

"

s
[$N]



O
e ]
<
n

=
'y
@
3
(0]
=
Nl

16.27 n - 16.02 - 74.57

number of carbon atoms in alinhatic

side-chain

18.03 - effect of one nydrogen

74.57 s effect of phenyl ring

The moleculzr refractions were calculated by the Lorenz-

Lorentz forimula,

¥
4

"

t;‘,'

[o%
»

o x n - 1
d n“ + =

molecul ar refraction

molecular weight
density

index of refraction

The theoretical molecular refraction was calculated from

the following atomlc refractions: (Zeitschrift Physical-

C - H
c-¢C
c -¢C
C
&1

double bond

ische Chenmie,Vv.7, 140

1891)
- 1.705
- 1.209
= 4.151
- 2.148
= 1.100

= 1.728



The observed parachor was calculated by the formula,

dal

av}
"

J

parachor of compound
¥ 2 molecul=ar veight

d

density

¥ :surfece tension

Boiling Points, @Lienslity and olecular Volwies

cubstznce Boiling Point d —%gr
C.He ge7-228
1~ @ 745mm.
1. nC-Hy = C = CoH , R .a788
STy e 1167117
CoHe @ 15mm.
Cl. C.H £28-12
V¢ GRS @ 745mm.
£.H-C-C-C.H e o .8816
’ \ 65 112-114
CHy C,H. @ l4mm.
V
o
Theoretical Obscrved
1. £20.76 £16.4
<. £20.76 215.7

The molecular volum=s as determined experimentally are



lower than the teoretical value. The formulae us=d
for the calculation of molecular volume only hold for
straight chain compounds, therefore the theoretical
value would be the value for n-octyl benzene. The
difference between the theoretical and observea mole-
cular volume must be due to the effect of chain

branching.

According to Kauffman a decrease in molecular volume

is due to tne hesping of eurogens on adjacznt carbon
atoms. Kauffmann stetes that ths carbon sztom in the
benzene ring, to which is attached an eliphatic side
chain, acts as a heaping center and in cQmpounds where
heaping of groups is on a carbon stom adjscent to a
carbon in the benzeme ring, the difference 1n molecular
volume must be due to the groups present. Heeping of
eurogens on adjacent carbon atoms decrease the mole-
cular volume, therefore, the iso-compoud should possess
the lower molecular volume becausz2 in the 1so-compound
we have a closer packing of atoms within the molecule
and therefore an effective contraction in molecular

volume.

2;6.



Index of Refraction and Molecular Refraction

20
Ll ]_)
cubstance Nﬁ? Calculated Observed
?2H5
1. n—CgH7— cC - C6H5 1.4958 €3.25 82.20
]
C2H5
CH C.H
{2 25
e H-C-C - C6H5 1.4981 62,5 BE.24
/ { .
CH5 CQH5

From the above data we observed and calculated values

of molecular refraction agree very closely. The index
of refraction of the iso-compound would be expected

to be higher due to the effect of heaping eurogens on

adjacent carbon atoms.

curface Tension and Parachors

of the above substances

Surface Tension Parachors
Crop-it. Dullouy Sugdens Calc. Harkins Dullouy
1. 20.:24 32.47 519.1 516.4 506.8 516.6
2. 30.04 22.16 519.1 512.4 505.92 5B1l3.7

cugden (29) states that for iso-merides of different

structure only, parachors are identical within the

27.



linits of expcrimentsl error. Also, position iso-
merism szems to cause no ch=nge in the paracnorm,

In calculsting atomlic structural constants, ue did

not consider chain-branching and therefore the parachor
calculated by his atoinic end structurzl constants are

decidedly off. Tne values given by fugden are:

C = 4.8 Doutle bond z kl.2
Hs 17.1 mffect of six
CH, = 29.0 membered ring = 6.1

¥umford and Phillips (40) have evaluated another series
of constants in which he considered the branched chain
eand its lesrcening effect on tne parachor. Thesz2 con-

stants are as follows:

I = 15.4 Touble bond = 19.0

C = 9.2 six-membered

0 = 20.0 ring = 0.8
CH = 40.0

<)
~

The parachor, when calculated from these constants
is larger thzn the obssrved perachor. This differ-
ence may be due to chalin branching. Iumford and
Phillips state thet "chain branching in aliphatic
nydro-carbons ana tiheir derivatives is accompanied
by & slight but definite diminution of tie par:chor.
Tne decrement varies according to the positicn and

length of the side chain, but within the limits of



experim=ntal error a mezn value of - 2.0 &ppecrs to
be applicable to all branched groups of the type
- CH2; end - €.0 for - CRz radicals and double brancn-

ed compounds of the type CIR. eceeeess.CHR
o 2

when these decrements are used the calculated parachor
chzcks more closely with the observed parachor. A
closer check is obtained if a decrement of - 2.0 is
used for branching on a phenyl ring. The calculated
value of parachor in the cbove teble includes this
decrewent, It is shown in this tables tuat the cul-
culated parnchor now checks very clsozly with tae
obzurved parscuor calculated from surfroce-tension

values determined by the TuWouy method.

curface-tenslon values determired by the drop weighf
method are lower than those determined by the Dulouy
metnod. Therefore, the Crop-"eight parachors are

lower than the LuNouy parachors. This scems to suggest
that a new set of constants must be introauced for

the Trop-Yeigant method for this series of compounds.

SUnARY

1. Tertiary octyl aliphatic carbinols condense with
benzene 1n the presence of aluminua chloride,

according to the equstion:



R R
| )

R' - C-0d + Ci, (R1C1) s gr — ¢ - Cgly  + .0
) ! ~
R R

Wher R' 1s n-proryl or iso-propyl group and R represents

the ethyl group.

Z. Physical constants, a&s boiling points, index of
refraction, molecular refractions, molecular volumes,
surface tension, and parncchors were determined for

each compound.

Z. The relationship between structure andphysical

properties 1s shown.
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