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Trree atoms of oxygen are used and there are produced

1 mol ¢f €O, and 1 mol of H,0 in addition to the 1 mol

if‘aﬂ enol form does nol exist, the other possibili-
ﬁies in the reacition mizxiurs are
o (‘1 .
1.CH; CH, CH,CCOH jié;cﬂjf +(COQh}*w;z
in 804
CHL,COCOH+ CO +C0,+ H,0

Total result: B0 used, 1 mol CC and 1 mol CU;produce
2. CH,CH, CIi,COCH ~——> CH, (€O« EQZ'fCQg#Bha
J’.ua;.) + E%av
COg + CHaCOOH
Total result: 60 used; 2 mol COpproduced and 1
mol acetic,
30
17— T ™ MET ki ~
3. GCH suhaCLzCGuh (CH, Cf.n_jf.z}a + H,0

J S0, + Heat

Total result: 90 used; 1 mol succinic anhydride and

2 mol H,C <formed,
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Butyric acid by t use ofChromic anhydride and seventy-
three percent sulfurie acid, The gas evolved during the

reaction was measured and analyzed for carbon dioxide and

carbon nonexide and the oxidation mixbture was siszam dis-

m

tilled to separate the Tatty acids resullting from the oxid-

-

ation. The nmixture of fatty acids wasg analyzed by cone-
verting them to itheir metﬁyl esters and fractionating this
mixture, From the weighis of the various metﬁyl gsters
formed, one may calculate the guantities of the various

Tatty acids arising from an incomplste oxidation of Butyric

acid,

Tre preliminary experiments consisted of fTinding &

method of analyzing a mixture of
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“utvrlc acids, The methoeds tried were (1), Fractiona-

tion of aquecus mixtures of these aclds, (2). Practiona-
. a
tion of a mixture of the anhydrous acids, (3) Sepprating

the Propionic and Bulyric acids from Acetic acid by sat-
urating the aqueous mixture with calcium chloride, (4)
Converting the acids to itheir sodium salts, esteriying
these with dimethyl sulfate and f?agtiénating the mix-

ture of the esters,

CA



ree methods failed to give reliable resuits,

put the fourih method gave results which checked very sat-
isfactorily.
Butyric acid wasoxidized, using chromic anhydride and

VSN IZJQ4 and the gas evolved during the rsaction %as ana-

’1yzeu, for the gas analysis indicaltes in a way just how the
reaction has gone (see Pari 4) The mizxture of Tatty acids
resulting from tlhe oxidaition were separated unantitative~

»

1y Trom the oxidizing flask by steam ﬂ's'ill ion, Sodium

tilliate

o
e
o

4 ea\,,
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carbonate wasg added dl“ﬁculﬁ Lo the

ntil it gave a neutral reaction to litmus and the whole
was evaporatsd to dryness, powdered finely, and allowed to

stand over nighi with 1 mol dimethyl sulfate, This

eld of about 97%, A

pte
jo

method of preparing esters gives a ¥y

Fractionation of methyl esters wag carried out and a good
- &

"a

seéparation resulied, as there is, roughly, *menbg degrees
between tre boiling points of tie successive esters,

Care ghould be taken in neut?alizing'ihe fataJ acids
in the steam distilistion for an excess of s&dinmlaafamh-
ate will react with the dimethyl sulfate and form

dimethyl ecarbonate, B.P, 89, 7 which will cause an eryror

in tre caleulation of the weights of the esters prepared,

’
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I¥  Jonclusions

As the quantity of iso Butryic acid is small in cone

narison to the guantiyy of normal “”tVflb acid, the
mechanisn of the reactions cas be arrived alt by simply

studying the possibie reactions of normal Butyriec acid,

nn concentra uﬁd

[N

If the encl form of the acid exists

o

e¢id selutions, then the oxidation should progress suc
cessively down the chaing that is, Propionic acld

should Dbe one of the oxidation products of Butyrie acid

e

and Acetic acid gshould be the oxidatio Pro-
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pionic acid, Under these conditions one may set up the
equatluﬂ involving the gas analysis and the analysis of

the egters from the steam distillate,
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mnels carbon dioxide forme pr ggiﬁnic acid-
2(mols acebic acid)

?ram the gas analysis the mols of carbon divzide
evolveﬁ were found to be 19 mol, The analysgis of the
methyl esteés resulting from Ec Gle&t“Cﬁ indicate
0.0320 mol}p?opianic acid and 00,0744 mol acetic acid,

3 a

e equation, one geis

)

F

Substituting in b

9 = 032t 2X.0744

whieh is well within the limit of 1 xe ez wellmenual



There 1s also another equality in this reasction
which can be shown in the form of an equation, trat is
as three atoms of oxygen are used Lo oxidize one mol of

Butyric acid forming Fropionic acid, carbon dloxide and
f the available oxygen goes to form-
ing carbon dioxide, Hence,
mols Clg™ %>mols available oxygen,

The reaction by which ithe oxygen is formed is essen-

tially
2 Cr0y = Cry 04430
o “a s
and when only one half mcl of chymic anhydried 1s used

in the oxidation, ithere will be available only ,375 mol
CXygen, The last equation then beconmes

=2
1o = 7 LOTH

]
]

o

or Li®

]

.
The evaluation of the egquation shows that aboﬁt
twenty-five percent of the available oxygen is unac-
counted Tor when complete feduﬂbLen of the chromic
anhydride is assumed, - The analysis of the.m@tﬁyl
esters resulting from the steam distillation accounts
for all of the original Butyric acid so it is concluded
that the reduction of the chromic anhydride was nol
guantitative under the conditions of Lhis experiment,
Referring to the eguations in the introducition, the
oxidabvion could not have proceeded according to equa-
tion (1) Tor that reaction requires carbon nmonoxide to

6]



Zﬁé pra@uc@é and no propionic acid to be formed, Ko
trace of carbon monoxide was found in the gases evolved
during the oxidation and propionic acid was formed by
oxidation,

The reaction could not have nroceeded according. to

pe

equaticn'(g}-foy t;&sreaction nroduces no propionic
acid, Eguation (3) is also ruled out on two counts,
first, that no propionic acid would result by thisreac-
tion and pecomrg, that no carbon dioxide would be

formed according to this reaction, both of these

tes are decidedly conirary to the experimental

[N
|

requ
results,

Ag all the experimental data point to the oxidation
thru the esnol form of the acid and elimingtes any other
mechanism for ithe reaction, it is concluded that the
enol form does .. . exist in strong acid scluﬁiom, and
if any part of the oxidyzing agent is used ué as indi-
cated by equations (1), (2) ovr (3), that part is so.
small that the products escape detection by'zhis nethod
of analysis. |

V Experiments in Detail
The preliminery experiments consisted in Tinding a
method of analyzing a mixture of Butyrie, Fropionic and
Acetic acids, The first attempt was‘éo Tractionate an

aqueous mixture of known composition of these three
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aéids, uging a 24 inch Hempel fracltionating column
filled with beads,

The first portion of the distillate, which came over
at 99: tested strongly acid, so this method of separa-
tion was di%cogtinued.l These fatly acids have abﬁor-
mal'yapOrA pressurestin agueous solutions and cannot be
se?arateé by fractionation from an aguesus nmixture,

‘ A similar fractionation was carried out using anhy-
drous aclds prepared by treating the dry sodium salts of
the fatty acids with 100% H, S0, but the same difficulty
ﬁas encountered, The anhydrous acids absorbed water
from the atmosphere during the fractionation and again
exhibited abnormal wvapor pressures,

I7 an aqueous mixture of Butyric, Proplonic, Acetlic
and Formic acids is saturated with caleium chloride,
Butyrie and Propionic acids will form a sepafate oilj
layer and Acetic and Formic acids will remainvin the low-
er layerg?»

If the two layers are separated and then éach is sep-‘
arately tbtrated with standard Ba(CH), and the ﬁeight of
precipitate determined, then the weight of each of the
vcohstituents may be calculated,

A known mixture of Butyric acid and Propionic acid

Id

1 Witzenann; J.4.C,5, 41, 1946~ 19501
2 Commercial Organic Analysis--Allen I 487
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cbntaining ahrut_QCﬁ w;ter (which‘is compargble to that
obtained by steam distillation) was saturated with ecal
ecium chloride but the experiment failed to give two
1ayérs.

If dry Potassium acetate is distilled vith I¥ mol di-
methyl sulfate a quantitative yield of methyl acetate is
. 1 ' ~

produced,

A mixture of 3,0 gm. Sodium acetalte, 28,9 gn, Sodium
Propionate and 20,05 gm, Sodium Butyvakewas distilled
with 84 gm, dimethyl sulfate, and the ﬁériaus fractions
of the distillate were caught in weighed botb?es and

refractionated until a good separation was cblained,

First Practionation Fifth Fractionation
Fraction Weight Fraction Weizht
-, -83 1.8 -~ 63 0.7
63-~~70" 1.7 _ 05--?9 1,4
707 ~=78, 2.6 70--70. 1.4
76-=-85 13,8 76--8 14,2

' 85-~—95 9.9 85-—9@ 3.6
v95--109 11,5 : qﬁ—&@ﬁ 13,9
Total = - 40,8 Total 35,2

1T tﬁe weights of the intermediate products are
divided egually between the esters lying on eltne“ side
of the intermediate fraction, and their weights be mul-

v 40,8
tiplied by the ratio of 75,2

, one oblain

1. C.Graebe, Annalen Der Chemie ., 340, 247
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mols Acetatle <040
mols Propnionate .283
mols Butyrdte 203
Total h28
Thile in the original mixture there were:
mols ﬁcetate L0368
mols Propionate <280
mols mutyza e L LB2
R
Total L4098
Thus, the fatty acids in the oxidation mixt ture gould
ecaleulated to within five percent agcuracy,

“Oxidation Ezpe

The Butyric acid used in the
by fractionating " Finch Refine

coliecting that portion of the

over between 160° and 185%correc
was about one-fifth of the orig
used consisied of a three liter
with 2 side arm which led to an
poge of collecting the gas es e
ion, The mouth of the balloon
holed stopper carrying a mercur
tube thru which ?5% sulfuric ac
Half a mol of Butyric acid (
of ehromic anhydride (50 gm,-=-2

fourth mol of Butyr

oxidation was obtained
d Butyric acid" twice,

distillate which canme

ted, The amount obta

inal volume, Apparatus

balleoon Tlask egquipped

spirator for i he pur -

volved during tha react-

z
L5

Fay

a

wag Titted wiih No-
¥ sealed siirrer and a
id could be admitted,
4dom, and half a mol
nough Lo oxidize one-

ed



bonic acid) were placed in the balloon and the agitation

was stam*uﬁ Ho evolution of gas teook place until about
25 c,c. of the sulfuric acid had been addedy the reaction
mixture, which had been cooled to prsven L the tempera-

ture from going above 505 gave off no more gas and the

> gompletion, The volume ¢f water

reaction had gone Lo
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displaced by the gas corrected, and a

as
gas analysis of the gases in tre aspirator an£ irt the bal-
loon flask was made

It was Tound that 1300 e¢,c, 00y had been given off

and thet there was no CO present,

Steam Distillation of Oxidation Hixture
The steam distillation was carried on using this same
balloon flask with a condenser attached 4o the gide
arm. Steam alt 100° was used, After one liter of dis

tlllate had been collected, the condensate tested neutral,

The secdium salts of the acids were next orepared by

Pl

neutfallzzﬂg the steam distillate with a,C0y until the

pocin

solution was neutral to litmus, The sodium salis were
dried for one hour at 110% finely powdered, and allowed
~to stand over night with 88 grams of (CHy), S0, in an

ordinary round-botilomed flask equipped with a Hempel

=

fractionating ecolumn, ~
The fractionation was ecarried oul in ithe ganme manner

11



as was the fractionsiion of the nethyl esters in the pro-
+ iy % iy my Iy
1iminary experiment, A

resulted:

Fraction Yeight
N B oore ST el
o-—-—C:« ° }..40 Hin JULY moL
76 =-857 .80 gm 010 mo
95--1089 21,80 gn ,uiP mol

Thtal L2471 mol

have hesan

re oxidation,

‘“I'b

7 le 1ked from

During the ezperiment a quantity of mercu

the mercury seal of the stirring device into the reacting
R
mixture and reduced some of the H,804 toB0,, It is

. 4 2

e

believed that this S0z used mp some of the oxidation
agent in being oxidized to 50; and thus hindered the oxid-
izing agent from reacting solely with
The oxidation experiment was repsaied

- :

quantitles of materials as before, bah¢ﬂg care that no

mercury leaked into

*

analysis it was found that there were 19 mol of CO,
evolved, and trat no CO was evolved,

The analysis ¢f the esters is given below,



Fraction Teight Pracetion Telght
nr:'o e = g a’;a s e
-- 53 2,00 . O3 3,85
BFwTO 1,83 588-70, .55
70=-=75 LO3 ?ng?ﬁa B3
‘. . g
76 -85 1.90 Vq;~8%@ o l.20
85595, 5,75 8429 .90
95-¢69 26,30 859~~55 2,30
3¢ AT a.2 -0 s
10 _F.20 9579 1.70
S0=-108 24,70
Tobal 47,56 Tobal 35,31
L

as previously indicated, one obltains

lettyl Acetate 5,50 Zu. . ,0744 mol
liethyl Fropionate 2.81 gm L0320 mol
ilethyl iso Bubyrate 4,85 gnm LOATE mol
Methyl Butyr rate 34,40 gm . 3380 mol
Total 4919 mol
From these results it may be ealculated that there were

in the oxidation mixture yesuliing Trom the oxidad
44gm, one half mol Dutyriec acid,

Agetic Acid 4,46 gm 0744 mol

ropionic Acid 2,36 gm L0320 mol
Iso Bubyric Acid 4,18 gm »O47E mol
Butyric Acid 29,60 gn : ' « 9380mmp 1
e

Tobal ‘ 24919 mol

"y
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During the latier parit of ihe fractionat]

. N Ps »
.Observed that a large part of the fraction from 85 -85

had there been only lMethyl FPropionate and lMethyl Sutyr-

ate present, The fraction was split up into twoe parts

13
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1. A method of guantitatively separating moderately large
quaﬂtiti@s of fatty acids has Deen developed, he method,

which has an aceuracy of about five per cent, coneists in
Ceconverting the sodium salbts into the methyl esters and

- geparating these by fractional distillation,

2. Butyric acid was cxidized by means of chromic anhydride
in the presence of geventy three per cent sulfuric acid,

3e No carbon monoxide was formed,
8. ©Propionic and acetic acids were formed,

5, The numbsr of mols of carbon dioxide [ormed were equal
to the number of mols of propioniec acid plus twice the

number of mols of acetic acid formed,

6. The number of mols of propionic and acetic acids
the number of mols of unoxidiged butyric acid egualsd the

nunber of mols of original bublyric acid,

7. Tt was concluded that oxidation of butyric acid by

means of chromis anhydride and sulfuric acid ctalkes placs

through the encl form of the acid, and preogresses succoss-

~ively down the chain,



