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Table | Conditions of gas-chromatographic

analysis
Apparatus | YANAGIMOTO MODEL GCG-3D
309% PEG 6,000 on 80-100 mesh
Column e 545, 2m
Carrier gas He, 100ml/min.

Column Temp.| 170°C

Table 2 Gas-chromatographic analysis of the
substrate and the products

Substrate or Retention time Factor
Product (min., ) (mole)
Benzy! alcohol 12.0 1.3
Benzaldehyde 4.2 1.0
Methyl benzoate 5.6 0.9
(as benzoic acid)
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Benzyl alcohol/nitric acid=1/2 (mole ratio),
without solvent
Q; benzyl alcohol
A ; benzaldehyde
< ; benzoic acid
Fig.1 Plots of the substrate and the products
vs. time in the reaction of benzyl alcohol
with 20 wt. 95 aqueous nitric acid under
stirring in the open vessels at 90°C.
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Fig.2 Effects of nitrous acid on the reaction
of benzyl alcohol solution in cyclohex-
ane with 20 wt. ¢, aqueous nitric acid
under stirring in the open vessels at
70°C.

Plots of benzyl acohol and benzalde-
hyde vs. time (A) and 1+logy, (@—x)
/a vs. time (B).

benzyl alcohol/nitric acid/cyclohexane

=1/2/5 (mole ratio)
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PhCI!ZOIl or PhCHO (mol %)

Time in hrs.

(A) CO(NH.):/HNO;=0: (O ; benzyl alcohol
@ ; benzaldehyde
A\ ; benzyl alcohol
A ; benzaldehyde

Time in hrs.

(B) CO(NH.):/HNOs=0: O
=1/100: O
=2/100: A

Fig.3 Effects of urea on the reaction of
benzyl alcohol solution in cyclohexane
with 20 wt. % aqueous nitric acid under
stirring in the open vessels at 70°C.

Plots of benzyl alcohol and benzalde-
hyde vs. time (A) and 1 +logy(a—x)a
vs. time (B).

benzyl alcohol/nitric acid/cyclohexane

=1/2/5 (mole ratio)
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Tadle 2 Effects of nitrous acid on the induc-
tion period and the pseudo-first order
rate constant in the reaction of benzyl
alcohol solution in cyclohexane with
20 wt. 9% aqueous nitric acid under
stirring in the open vessels at 70°C.

benzyl alcohol/nitric acid
/eyclohexane=1/2/5 (mole ratio)

NaNO,/HNO; |induction period k
(mole ratio) Chrs.) (sec™?)
0 - 0.55 2.3x10°¢
2/100 0.29 1.9%x10™*
4/100 0.13 2,0x107*
6/100 0.09 2,0x107¢

Table 4 Effects of urea on the induction per-
iod and the pseudo-first order rate
constant in the reaction of benzyl
alcohol solution in cyclochexane with
20 wt. 95 aqueous nitric acid under
stirring in the open vessels at 70°C.

benzyl aleohol/nitric acid

/cyclohexane=1/2/5 (mole ratio)

CO(NH,)./HNO; | induction period k
(mole ratio) Chrs.) (sec™")
0] 0.20 1.8x107¢
1/100 1.50 1.7x10°¢
2/100 3.20 1.4x10*

6, BREEF b Y O AORMIISEEM R R & &,
REO M FEWE LT L8P, EE,
RY VAT =N E BRBAEIKE ORIRE, BE
WP ZORIEDHR2 Y OBHIPWTI, v In7
a— oMz 58 L TIRIE—RIZERE
h50T, —RERETRO L, BohiE—KRRIE
HEER L B L ST 5 BRI MY Y ABIV
BRROEMEL OMFIL Table3, 4 iR+ L5k
5.
ZhLORER» LR T b Y U LOTIME, €0
FMEICE U CREMEIEN < 1508, E—nRiEHE
EERIZRARAEEEBEBIES RN LERL, —
¥, BROEML, £ofmEICEC CHEMEER
T3, Bk KGHERRc R fIEAZER Rohy
v\, #2335, Table 3 X U4 OERERIE L CRFEEM
A THRWREOMHBR> TS, REOTMOLRE
¥AHBIERT, BREMLLWEE, BEMEENS
F37-HHEHRE b5 L NaNO,/HNO; =3/100
(BA) Mz lelzdThH B,

PEDOr EhBRY AT VI — VOB
BEERICE BRI TN a— AN E0ARRBIEE

(363) 37



Bitic X VBisa+ 548, —EMERROBEE—~KK
BRI B BIFE RV 0D, S
FRIT Xk ZAFBIREEIEIZ o h 6 DR T Tl iEsg
Brithbwikibhd, ZOKRIZ2NTRRY
AT N a— A OEHEEREERR L 2 90°C 740 vol 6 ¥
A %4 L KEMPTITRASRNES S, BRI Y
TARFEHMEEN L TIDRE LR, RULT
NaA—NORMEREREL VI L, i, RvPn
73— NORBIEIE 2 2 FRIRHRL, #5
N pllisKELADME DL LMD, RUUAT
b3 =i & OKHEB I & BB M PR RS & 12
LRVWZLERELTVWSY,

%7, Fig.2(A) LU Fig.3(A) KhAdhadk
SR~ ST A2 = ARSI 10~20%
BERDL, ZBRIEERIZES BBRIENREZOR
v T4bb, HBEMBIIENTLZoRENRS
hd, H¥R7ue= 5785z OMphizEL
IREMHDAEL Y, PRTRIENETTIii2hT
HHBEED LITRIBTFEFRT. THLIIFATRA
L7 MABEUERRMIL Y, YA TAa—N
OB A FVERZBRBE=AFABERLTVS
ZEERLTWD, ZORYIAT I —)VOTERET
AFNBLUERHEREATFLOARIZ, THra—LH
LR E ORIEWBLIUT A2 — A B L EEHL 3R
EOREVOBSIZEILAOGND X H IR VENE
ECROFEHIRILT Do

PhCH.OH +HNO;=PhCH,ONO,+H.0 (4)
PhCH,OH +N,0,=PhCH,ONO+HNO; (5)

LehnT, RyIn 7ha—ANEiapic Eee
L, #hoiE0BEIELCELOFRELFRo>T L
ez, Frru~= bS5 CnEAREOOM
DWP I SEBEBTIH2 <.

3.3 FENAKES L URRIREOKE

RSB DB >V THREBPERT B UT
YINVHBRT Cl~ k., SZRkirth¥hFig4Bk
U Fig. 5 TR L,

R ABR TORGTIIMEIBE 21+ & RESHE
RBAL, #E—RKRUSHEERRILI0w %RiER8. 4%
10"3sec™t T BDicz LT 20wt. % WIELCIE 2 {50
16.8x10 % sec™! L4235, TRIZONWTIR R TNT
Na—-NOBRBRESAHS EL—RkT#fTFsz L

o
—d[PhCH.,OH]/dt=k,[PhCH,OH] (6)

DOBENRRREL, = CHE—RBUGHEE RS & A THER
BEORELZY, HRAEL2MHIITI L, #—-K
RIEHERENR 2 BIc BT LM, —E2&FDL)
ickb+z L AH#Es,

a8 (364

PhoH,0H (mol %)

Tize in hre,
(A) O; 10wt. % HNO; A ; 20wt, 9% HNO,

1.0

0.8

0.6

0.5

0.2

1 + logyq (a-x)/a

0.2

Time in hrs,
(B) O; 10wt. 9% HNO; A ; 20wt. % HNO,

Fig.4 Effects of nitric acid concentration on
the reaction of benzyl alcohol solution
in cyclohexane with aqueous nitric acid
under stirring in the open vessels at
70°C.

Plots of benzyl alcohol vs. time (A)
and 1+logs(a—x)/a vs. time (B).
benzyl alcohol/nitric acid/cyclohexane
=1/2/5 (mole ratio)
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Fig.5 Effects of nitric acid concentration on
the reaction of benzyl alcohol solution
in cyclohexane with aqueous nitricacid
under stirring in the closed vessels at
70°C.

benzyl alcohol/nitric acid/cyclohexane
=1/2/5 (mole ratio)

REETHB. THhbL, RAXTAFE FOREF
TOFBERILTE, BB, 7oorhndhics
WTLHEBESHT T Lk ) U R E (A
BM, Ty EWT—RARETHY, TN
hTREBATCALbAS LD, RVXTAFE KD
BERII B THE L Bbh 5 LR FIIC
EEET, BE—TRRROTERENINREREPOSR
AL TR en Lz bhS,

R TNTNI—- VORI BT T 7
P CREMEEROTEFREIRITG R b0 EBLL
naH, HERZLTLIKREL 252D, A
NT 2= L ORERMEIC BV TSR E R O Ty
BERSRIEBIZ BN TIIHDEVHETR RS
drBbhs, ¥k, Try7ARTCORGIITET
TIEEOTWSERD, Bik0BHROLZATHR~Z &
SicinminEic 2 5 AMEE L D D, WERREOCREHN
HEYVROIER,

WSO B L BRSO EI0wt. %Iz,
BifR% 5wt %, 10wt 935X 1820 wt. 9% mx 7o RitRl
REVKBEKRT RPN 72— 0 BERMeE 1772
W, ohhiE—REIEHEERER L ikn ), Wl
10wt % S HICHEEE 10wt %A b, T2b
b, 20 wt. % FERE A& 0 B—KUGEEE €
Hr Fig.6 2Rl

Vel. 2, No. 5, 1958

x10 4L

k (sec -1)

0 10 20
HZS% or HROJ {wt %)

O ; sulfuric acid @ ; nitric acid

Fig.6 Effects of acids added to 10 wt. 9 nitric
acid on the rate constant in the reaction
of benzyl alcohol solution in cyclohexane
with aqueous nitric acid under stirring

in the open vessels at 70°C.
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=1/2/5 (mole ratio)
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Fig.7 Effects of nitric acid/benzyl alcohol mole
ratio on the rate constant in the reaction
of benzyl alcohol solution in cyclo-
hexane with 20 wt.9% aqueous nitric
acid under stirring in the open vessels
at 70°C.

benzyl alcohol/cyclohexane
=1/5 (mole ratio)
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Fig.8 Effects of agitation on the reaction of
benzyl alcohol solution in cyclohexane
with 20 wt. % aqueous nitric acid in the
open vessels at 70°C.

benzyl alcohol/nitric acid /cyclohexane
=1/2/5 (mole ratio)
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Fig.9 Arrhenius plots of the pseudo-first order
rate constant in the reaction of benzyl
alcohol solution in cyclohexane with
20 wt. 95 aqueous nitric acid.
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Nitration and Oxidation with Nitric Acid

IV. Nitric Acid Oxidation of Benzyl Alcohol to Benzaldehyde
in the Heterogeneous System

by M. Tamura, T. Yoshida and K. Namba

Effects of reaction variables on the nitric acid oxidation of benzyl alcohol to
benzaldehyde have been studied in the heterogeneous system,

The addition of urea prolongs the induction period of the reaction, while the
addition of sodium nitrite shortens it. However, these additives have no influence
on the reaction rate in the steady-state. From these results, the initiation of the
reaction is a hydrogen abstraction step from benzyl alcohol by. NO., which may
not be the rate-determining step.

The reaction rate is accelerated with the increasing nitric acid and sulfuric acid
concentration. The effects of the sulfuric acid concentration on the reaction rate are
much greater than those of the nitric acid concentration. Therefore, these data
support the mechanism which involves the rate.determining hydrolysis of a-nitrito-benzyl
alcohol by a proton,

From the effects of HNO,/PhCH.OH (mole ratio) and agitation on the reaction
rate, the major reaction may be occurring in the acid layer and the material transpo-
rtation between the acid layer and the oil layer may become more important under
no agitation than under vigorous agitation.

(University of Tokyo, Hongo, Bunkyo-ku, Tokyo, Japan)
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