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K
ArCHO+H,0 == ArCH(OH), (1)
N
ArCH(OH); + HNO; —s ArC(OH), +H,NO;
5
. kS .
ArCHO + HNO; — PhCO+H:NO; (6)
. (I)NO
ArC(OH); + NO; — PhC(OH),
~—— PRCOOH +HNO,
D)
ONO
. B
A«CO + +NO; —ArCO
H,0
—— ArCOOH +HNO,
(8)

ZOBGRRE, RXTNAFe RERD O H I
©) eRb&h3,

v=k,{HNO}[ArCH(OH);]
+4[HNO$]J{AICHO]  (9)
E5(2 (9) BROZLLRS
v=(k,K,[H,0]+4:)K;(-NO,]J[H*J[ArCHO]
(10)
Z OB, FEEICEIEIZHS3H5 LB 13 ArCH
(OH), & ArCHO 2tk %2Y, Zhbogit
RG> TR0, Biaiiiasgicd
B
B L3R X7 AT € FORIER CORRMRRIL
EFHEEL, HLWEREELZTWS,
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¥icix NO offET CIATHEE (1) a0k
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B (11) ofFiEb= & v % — i3 25keal 11T,
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ONO

|
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(15)
ONO
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Table I Substrates, internal standerd materials and gas-chromatographic
conditions for competitive oxidation of substituted benzldchydes by
NO; in benzene: [NO;Jeor=1.74M.
Gas-chromatograph: YANAGIMOTO MODEL GCG 3D, Column
1: Apiezon L (10%) on acid washed Chromosorbw (60~80 mesh).
Column 1I: Polyethylene glycol 4000(30) on Celite 545(40 ~60mesh).
T ‘-S;i)stmte o !
Internal standerd
. Column (°C)
A (mole/1) B (mole/1) material (mole/1)
p-MeOCH,CHO (0.2) C.H,CHO .1) C.H.Cl 0.4) I (150)
p-MeCH,CHO (0.2) C;H.CHO .1) C:H.Cl (0.5) IT (160)
p-CICH,CHO (o.1) CH.,CHO €0.2) CH,Ql (0.4 ) I (120)
m-CICH.CHO (o.1) C.H.CHO 0.1 p-MeCHNO; (0.1) I (120)
m-NO,CH,CHO (0.1) p-CICH,CHO (0.2) p-CICHNO, (0.05) I (150)
#-NO.CH,CHO (0.1) | p-CICH.CHO (0.2) p-CICHNO;  (0.05) 1 (150)
3.5m DLOTHB. HA) u ONiRtF, BEOM 75
b, WBEHDHE, 3Lvth b0 Table L:)
| 5 o 8 = =
a8 R g | A
B X7 A5FEe FE NO; LoRIEREE R & vr p 4
REETRGRBRPOERBOR T CRTOBRT > A
T B LHR BB, 2 it
L
il Q o
ArCHO+ -NO; — ATCO+HN02 (1) ::,3 //o_:."'
ONO 8 2
- I & “-O
ArCO +:NO, — ArCO an S &
ono H,0 g i 5 5
ArCO — ArCOOH+HNO, (18) log ([PhCHOJ,/{PhCHOY,)
2HNO, = H,0+NO+NO, (19 Fig, 1 Log([p-CIC;H,CHOJ,/[p-CIC;H,

RBLLT A, B=fiorAr5Fe FERBRC A W
THESFIEEITRONB AL, HERROKRSE
DEHIRRLTIENRTES,

Iog ([AJ/TA):

L e TN Ty
zziz, [A) it A oygeE, [Ad 1 ¢ B
A DEEERY. [Bly, [Bli ItonwThHRIEETH
3, [Ade, [A) BizTH A v EBVTHEELA
DTH % BEOREIEITbhiv, LAEXST,
£oh0 titonT, log([AJ/[Al) % log({Bly/
[Bl) izxLTTa s FLTEDHQREMNS ka/ke %
Rl TOFuy bo—piE Fig. | IZRL, %
7o, REBREROFEE LT3 RDOEOMONELL
KD2[/THB, W—ik, REHYARREIEEICHRT
SEESUSHRITIC AT D Z L BT 20D
Iz, BREHEAR S~10 3 Eicy 7Y 2 Eia®, =
DROER A, B gtz th¥h [A), [B) &
LTAITL . =i, ARBICIRES T V7 F
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20)

CHOJ;) vs. log ({PhCHO[,/PhC
HOJ:) for competitive oxidation
with NO; in benzene.

(- 40°C, +—@®.— 60°C,

—0O— 70°C, —@— 80°C
BEEORHAE I SHIE R 2R+ 2 kiR T
WABDT, TAFE FORIERMAEHBMIzIZ PR L
b 50% BEIZZ3E I 7Y L YORMERA
2. ZOXHizLTHLNK ka/kp % Table 1 i
RLR. F~FBEOBWN 40°C COBEEDA R o
F7u v MX Fig 2 oX5icion, BAKER:
LT 0" ZAVWAXDit o #AWEFRL D AW
MyfBohic. ¢ ERAWESBAD o U 1.10 TH
50

Ebic, FRERSWTHOAIEET O E
YT izl <TFa s b+5% Fig. 3 38 bk,
ZOBRPLRERONEORMCERL: 2 1 &
=, Btz bo =R onTREBT5 2 Lize
BRETHS, LAL, ZORBIEA 2 » FAREOSR
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Table II. Relative rate of NO; oxidation of substituted benzaldehyde in benzene
ka/ka
A B
20°C | 30°C | 40°C | 50°C | 60°C | 70°C | 75°C | 80°C | 90°C
2-MeOCH,CHO C.H,CHO 1.94 1.93 1.93
P-MeOCH,CHO C.H,CHO 1.36 1.30 1.251 1.20 1.19
p-CICH,CHO C.H,CHO 0.55 0.59 | 0.65 0.67
m-CIC,;H,CHO CH,CHO 0.2810.320.33 0.36 0.43 | 0.33
m-NO,C;H,CHO | p-CIC,H,CHO 0.29 0.31 0.32
2»-NO,CH,CHO p-CICH,CHO 0.23 0.25 0.26 0.37
s 0.5 T . Y .
X
. f —O=—O————0—0— P-Hel
~ 0 [ Me |
pJ * LU o ]
g ~
— =05} ) <
b o
.} \ow\u-\()\
~ - p-€l 4
w0
© A : .
| | \
Y ° o8 -0.5F m-¢! T
a(0O) or ¢* (@)
Fig, 2 Correlation of log (%/4) and ¢ ]
(6*) for hydrogen abstruction m=-190,
from substituted benzaldehydes by p= H 02 ’
nitrogen dioxide at 40.0°C. =10 34 ‘
log (k/k)=—1.100+0.03 (n=7, y=—0.998) 26 30
—0.800*—0. 19 (n=7, r=—0.973) lO00/'1'

log (k/ke)=

HoBOEHE (isokinetic) ™ BiziFHEhT
WBZ LRI BBbRB, p- TZATAFEFIRR
#HiIF L, RUX7AFe FER CIBEREERTT,
ZhizonTix, RUX7AFE FEF=AT7AFE
RS s 1 —~ (isoenthalpic) B{ficdH 5
LidEa g, BETEA PERIEOAED NO; iz
IoTARSHEEZI B LI ABDEELLD
%, LhL, 40C Th2 by EBREERITIS L
FT3L, A revERIETIA Ay PRy POK
i Fig. 2 EiRLAXDELIZTIZ 3Lz,
FDLONTLRELEBVOT, 40°C TOAMEY
KOREOHERIERITPRNWLELLOR S,

4 B B

A1 ZEMEERIRIC & AkRBIHKE OBIEHR

NO; iz X 3 k#SHESMEEITILE o BELEET
BTHHH T LI URTR EhTH, HBLL
TRk VX7 AT FE BAKEE, 40°C Toi
SHELES 0 B~z VAICTERBE T S &
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Fig, 3 Plot of log (k/ky) vs. I/T for
hydrogen abstruction from substi-
tuted benzaldehydes (XCH,CHO)

by nitrogen dioxide in benzene

Fig. 2 IZR LA X 5 IZ48B6R3K r = —0. 998 TIEHNC
IvialiaBo h 3, —J5, o ERlvwaE L r=—
0.973 % VAEBIZORTEL 2B i, 80°C TOHR
MEREHE ok o Lol Tk £=-0.92,
r=—0.993 2@ 6h, ¢ LOMBITIX r=0.985
BohTnd, p~-MeO XEERALL-HNE 2DT, o
L ot U 3HEOERIDRL 22T, T
ORIETE ¢ CLYVRVWHEBEABONSLEB/LT
BREZH)THS,
RyXTLFE R bDF P naIKkESIHEOR
BRI H E D H6 I T i v 25, Walling

* P-MeO iz ovTRRBMUADRERESTY
HEERSSOTRAL, m- 3T Pp-NO,
#izov-Tiz Fig. 3 1o nitRfizRAV~,

THARGSE




BORRU AT AT E FOSRBIEOREN GV /4
NARS ST (PhCOe) 12k 3 AkESlkENR
BEAPRETL TS, ZORFLT—F0ATY%
BhEVD, ot Ly o itk BETIZLIMREN
T3,

e, TORISTR P IZBEENE{ARBEIEL
2y, BRERNERBZENDI B, P OBEEEK
&z Fig. 4 [oRLE,

100 50 °
1-5 l L) L) ¥ L l L] ) T L ? C
-
1.0}
N L
05|
o i 1] 1 1 4
2,8 3.0 32 3.4 3.5
1000/T
Fig, 4 The dependence of # on the
temperature

NO; oGk Hickel 4+ A v Tk
53 3L 1 Burnelle 53z ko> THHTEhTW5,
IS R X i, FHHEFIRRERRAFERZLY
ZLREL, o BERE VS EEEE EICAH
LTVWwH, 372, NO: OEFHMAL 1.6eV TE
BTV, 2L LTRETFRILF ST
b3

FHEOBBELDRICHT S NO; ORBIIEIZS
BLIHRFT LOFRBLEHW KRR &
EhborELbh3, L2 T, NO; ks
YATATFE P b DARBIHEE OMEEFLITOL
I bDTHHH,

(0]
Il
O_c %...H...NO-

BBREIL BTV E =R EOEMT 2T
LW, A0 P HEERAD Xy VEEEZHRTS
EEHLEBEHTHD, L L, 2ol LEREN
RUELREHMTEIEAR ot KB~ 5 MR
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BEIhBRNZ Eh b, RUTUABKRSEE TN
F= v hg A roRelbicBREHRNFEL, LA
BT, 0 REGEETBELTWS, %7, Ingold
6 AT oMz BARBIKET, o i
WA+ 3 OREBRIE CHIVKRFEE OB
RVMEATWBHRETHY, TOLORREOHRIN
Fooh s AT UHEBOBBRBICE S ELTY
3,

Gleicher® {3 SUREFIZ L 52 * v D a- KFEDE
HETIE 0* XY o CRAVEERBOABZZLETF
L, 20OEHEL LTS vOBRBIHST, RE—K
#HoOMBEIEBRBTENBEAL TRV DL
Zx T, AR BT B AT HTE Frbo NO;
2k BA#BIkE RiE0 BIBKHRR ¢ iCHET 3
BHIESLOBRTEATHE ). Lz, RO
FHFCINTHD t- Ty - FVINVRHTD
2AvD a- KFELAV A7 NVFE FOFAL VKR
DRI IERS TH 3059, D(¢-BuO—H)=103
keal, D(ONO—H)=7%ecal 156z 5L, Ryv X
FAFe EOFNI AkED NO, Iz k35 REEE
TIREBRE 125135 C—H /o vsdini
BIZIZHEEL TV LizELEY.

AL - T Ey - STINREBRBT=
V—inb D ARBIHEEETIX 6 LD 0 TAW
HEXELABZ L E2FL, REFTEIIZIAE=
DA 4G UG SRARDREIE L LCER
BRCEbDELE,

XO}:}ECH;

RYZTAFE Fhbn NO; ok 2A85IBE R
BORBEHRICBITS 0 FA{EIC>WTO HES
OERIIRDO LD TH B,

ZORBIZBNTHEBRBIZS TV VL VE
4 Z BB EOFERDBTHB . LbL, ZOH
BHLLTESRAIABEELEDNE - WX TR
FLELIERCEVRED - U5 & 23LGE T,
Lo T o* TRBALAVEEZZ M S, fih
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WBILTY, HLLTESHRAIN PREDE p-
Pl BRI TR E h TV B TR p- Bl &
BIEHADEFRIZH2TWAEELONEI NG TH
Bo LIH2T, ZOE p- PuliBZEMEoE
BFHOBL T p- P L3l 58, <o¥
YIREDHFITIB LS MeO- X X 5 B
LB MmEBERELNEBLORD, TRIZSY
XTNVTE FBIURY S ABA A ORFigEE
- BHE T ROV THRMISRLE LD TH S,

Benzoyl cation

4.2 RVXPLFEFRE NO: L ORIGEA

AEBRO WHERL WELBE 0.2~0.3M, NO,
DNLREE (NO1+2[N;0,] £ LT) 1.74M TR
EIESERbOTH S, LicitoT, NO; oitH
R BRERIE6 ~ 8 {EThH B, Eh, WERLEY
v NO; LofUIEiE= ey ¥ rofmiinbik
BT 3 LFERIPRNEBLOND, LIEKST, &
DEE LT —R IS UTET L 3 5 W ikig
BTTL B, FEUZ, log([PhCHO),/[PhCHOL)}#*
Bz LT ey b5 Fig. 5 IRLAEL S0
HRHOIRAF 2 EHMENEB RS,

ZORPS, BE—REEEER b RIS (1) 0=k
HEEER b2 BB L Table W DX 5izie 5, =
FHESEE R RD 30D NO, #EF [NO.]
Candall 5% OFEH»6 #5h3 (15) O PfEER
(Kapc=2.23), =y HAbE—3 (4H°=22.18) %H
Wwie?,

N,O, == 2NO; (15

L
ZofR, Fig. 6 07 1L=927ny b by
BEEEROMHL LT (16) AHB6IhS,
k,=10%? exp(—18, 900/RT") (16)
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o
=4
™7 YT

[PhCHO),/[PhCHO],

Time in hrs.

Fig. 5 Plot of log([PhCHO],/[PhCHO],)
vs, time (¢) in the competive
oxidation by NO, combined with
p-chlorobenzaldehyde (@), with
p-anisaldehyde (®) and with
p-tolualdehyde (Q)

a:at 80°C, b:at 70°C, c:at 60°C, d:at

40°C, e:at 20°C

Tabl 1II. Rate constants for hydrogen
abstraction by NO, from benzaldehyde
in benzene:

[NO;Jtor=1.74M —d[PhCHO]}/dt=k,
{PhCHO]=4,[NO,][PhCHO]

Temp. k,(XSsec" [Nl\%] kM-isec™?
20°C | 6.7 % 10-5(p-MeO) | 0.942 | 7.11x 10"
40°C | 5.6 X10~%(p-Me) | 1.19 | 4.7 x10-*

5.9 x10-4(p-MeO) 4.9 X10°

5.6 x10-%(p-Cl) 4.7 X107
50°C | 1.67x1073(p-Me) | 1.30 1.29x107%
60°C | 4.5 x1073(d-C) | 1.39 | 3.2 x10°

5.2 x1073(p-MeC) 3.7 x1073
70°C | 1.29%10°%(p-C) | 1.46 | 3.8 x10-?
80°C | 2.66x10°2(4-C) | 1.53 | 1.80%10-2

* Competitive reaction combined with XCgH,CHO

NO. & sfnpfbrksk & o RISt HERIERE %R
RUTCirBE o AkRIERpEHLEL LIS,
TOF/MHE=FAF—L LT, A ¥ i2HLTIE, 34
keal’®, =41 28, 1kcal®®, 7w,y 27keal’®, 3k
T 30+2kcal®, L7 vy 33 1kcal®® HURE
NTW3. TALRBEICHROKROFIHEEIEE
Hole b OTiEARVA, ki, Topchiev?®,
¥ F— it Fig. 7 IR L2 X 5 izi31F Polanyi-
Evans W{#° #¥R8 +5. NO; iz k 3#afi{bk

I KRR
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Fig, 6 Plot of log &, and log k. vs. 1/T
for hydrogen abstraction from
benzldehyde by nitrogen dioxide
in benzene.

[NO:Jiov=1.74M —ﬂ”ﬁ“o B
=k,[PhCHO]=£,[NO,J[PhCHO]
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D kcal/mole

Fig, 7 Plot of E vs. D for hydrogen
abstraction by some radicals.

: NO,-benzaldehyde.

: NO;-acetaldehyde.

: NOs-saturated hydrocarbons,

: I-saturated hydrocarbons,

: NF.-saturated hydrocarbons.

: Br-saturated hydrocarbons.

: Me saturated hydrocardons.
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> )
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Hydrogen Abstraction from Substitured Benzaldehydes by
Nitrogen Dioxide

by T. Yoshida and K. Namba

The relative rates of hydrogen abstraction from seven substituted benzaldehydes

by nitrogen dioxide in benzene solution in the temperature range 20-80°C have been

measured and the data fitted to the Hammett equation.

A better correlation was

obtained with the p constants than with ¢* constants of the substituents and the rela-

tionship at 40°C was expressed as follows:

log (k/ke)=—1.100+0.03(n=7, r=—0.998)
The rate constant of the reaction between benzaldahyde and nitrogen dioxide
was estimated to be 10" exp (18, 900/RT) | mole~! sec™!.
(Department of Fuel Engineering, Faculty of Engineering,
University of Tokyo, Hongo, Tokyo)
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