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Oxidation reaction Kkinetics of phenol derivatives
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Abstract: Reaction kinetics study on oxidative degradation of phenol derivatives was carried out
by Fenton reagent. The effects of reaction time, temperature and substituent on degradation
were investigated. The results showed that the oxidative degradation rates of the compounds
increase obviously with increasing both the reaction time and temperature. The positions of the
substituents have a certain relationship with the reaction rates. The kinetics equation of the
compounds with Fenton reagent was described with a pseudo-first-order kinetics model at the
temperature of 25-45°C. The data of activation energy (49.05-65.19 kJ/mol), activation
enthalpy(46. 54-62. 67 kJ/mol)and Gibbs free energy(95.94-96.62 kJ/mol) were obtained.
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1wk 2 YR AY Bruker Advance DMX400 (400 M), & %% W #H {0 1% 1 Waters2695 7 48 4 £ ) 2%
Waters2489 (3 [E Waters /A A]) , Hypersil ODS-C18 & A 4 3% 4 (4. 6 mm X 250 mm,5 pm),KQ-100 #!
P TS kA SPX-100B-Z AR RE FR AR 4

(35 2 B2 A1 Z )i (Scharlau 22w 53, 5- -k B E R R TR L DY 20k e T 2L fb il R R L SR L
BT RUAR K A5 38 SR T R A A A v K OB B e iR A BR A R

2- (A- SR B ) W AR B (da) 2R Y -4, 6- R I (4b) (2 (- U ) 24, 6- RO (do)
2- (4-GRBH) H -4, 6- IR0 (4D Sy AL ™ i 2 2 AR AL L 4l =98, 504
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b &Y A U i 2
HO R,
CHO HOL R,
OH
MeOH / THF @
WS @[ ~cot R'ONﬁQ Nam, N
R, R, ACOH/rt R, oo R,
1 2 3a~3d da~4d

(4a:R,=Cl,R;,=R;=H;4b:R,=H,R,=R;=Br;4c:R, =F,R, =R; =DBr;4d:R, =CIl,R, =R, =Br)

W R L AE 50 mL B I AALE Y 1(2 mmoD FI4b-& 4 2(2 mmol) . F] 10 mL B35 i . 0 I 5 i
UK TR 0Pk S0 1 b sk 8 F 10 mL DU 000 IR 7 £ o 2218 i ACHI &0 A6 84 (3 mmoD) S K B 0.5 h, 745
pHAETE 7 247 Gk A TR T8 6 R, TR RURIK T 0B Uk V% » TC K B R 6 T 488, B e FH B K TR 45 o, 19
&Y 4b~4d,

2R 4, 6- T IROR I (Ab) - P [E A 2R 8506, 1 4 109 ~111 °C,'H NMR (400 MHz,
CDCly) 6:7.56(d,J=2.3 Hz,1H),7.53~7.20(m,3H), 6.91(t, J=7.4 Hz, 1H), 6.79(d, J=7.9
Hz, 2H) ,4.40(s,2H),

2-CA-FFR B F -4, 6- ZIRR 1y (4o - 8 8 B A, 7 5 8606, 1 4 137 ~139 “C.'H NMR (400
MHz., CDCl;)6:7.57(d.J=2.3 Hz.1H), 7.27(d. J=2.3 Hz, 1H), 7.00~6.89(m. 2H). 6. 75(ddd.
J=6.6,5.2,2.9 Hz, 2H), 4.38 (s, 2H).

2-(A-GUR S B -4, 6- ZRR T (Ad) - B R L 77 %5 90 %0, 1 81 130~134 °C.'H NMR (400
MHz, CDCly) §:9.64(s, 1H), 7.61(d, J=2.5 Hz, 1H), 7.28(d, J=2.4 Hz, 1H), 7. 14~7.05(m,
2H), 6.59~6.50(m, 2H), 6.41(s, 1H), 4.25(d, J=5.5 Hz, 2H),
1.3 BAh=NERXE
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1E 30 C, WA K R JR M B S 90 mmol/ L, & R W 8k B8 /R ¥ B i 15 mmol/ L, 2 W 4 BE IR ¥k & R
0. 4 mmol/ LIy S Wi 1A F& H 43 S ERTE BN ] [ Ak G ) Ab~4d (848040 52y B 520 25 R a8 1 iR o JvE
8 hjF HAML R4k 8] 94, 4 0 DA L BCR R AP, £ 1 2B 4b~4d 78 25~45 C R AN IF L .

Kl 2 B G Ad 09 InCe/co) XF R E] ¢ BCREL B CR B EHXERE R =0.977 7~
0.996 4, FF SR — RN 8 J17# R pl 2 0 R BT SRASAS [6) T BE T 1 2 U0 8 32 40 R« [RIAE T
BB E Y Ab Al de 1Y kg (K D,

100 F 1 RFERE T LA A0 32 0 8 R0 5
80 | Table 1 Rate constants for 4b, 4c and 4d at
o 60 different temperatures
S 40t AW T/K kg X10 2/h ! R’
20 298 17. 42 0.996 3
0 303 38. 88 0.991 3
t/h 4b 308 65.56 0.996 1
310 O A I Do N e A SR 313 84. 05 0.984 3
Fig. 1 Effect of reaction time on degradation 318 134. 06 0.977 7
02, : =
Z%;‘é: 298 19. 24 0.983 2
-1OF 303 39. 97 0.989 6
14}
-1.6F de 308 61.81 0.992 6
-18F
3 20
£ 55E 313 80. 74 0.989 2
= -24[
= —%g 318 128. 81 0.984 0
-30F
35k 298 12.27 0.996 4
_%é L
—34F 303 33.96 0.991 5
-40F
-42 - - L L . L 4d 308 55. 44 0.987 2
0 2 4 6 8 10 12
th 313 77.31 0.985 7
B2 AERET 4d 1) InCc/co)-t KR K 318 162.76 0.9819

Fig.2 Linear correlation of In(c/c,) and ¢ for 4d
at different temperatures
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TEW] i WU K BE JR e B2 2 90 mmol /L, it R WV 8k B8 JR ¥k B2 24 15 mmol/ L, ok 728 i B2 4% 4 (25 ~
45 °CO L LIALE W 4d B8R S R 0 Bl A T BE T R S AR B 4 R (&L 3D o N3 1 3l g o A R O AT
T8 TE L BN o F RS2 B g4 KL Nk Fenton 357 42 5 « OHL H « OH AY7EPEE K., WA, 7+ &
P23 | X7 75 i BB e I /- = R VA 7 s e el ST O 1 0 S = = W o VA R A L o B e e = R e 5
fift . 7E 25.30.35.40.45 ‘CF ik F 90 %6 B fift SR 5 I 5 S 02 Bsf [] 43 30 F 14, 8.6.8.5.2.3.9.2. 4 h,
2.3 BKEHRMN

TE 30 “C WK BE IRV FE 2 90 mmol/ L, Fi B2 WK EE JR MR B2 2y 15 mmol / L, JIEHEE ZR ¥R B2 4 0. 4 mmol/ LY
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Fig.3 Effect of temperature on degradation of 4d  Fig.4 Comparison on degradation among 4a. 4b, 4c¢ and 4d
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i Eyring 77 #£(3) ., 454 Gibbs { e T = (4) . 15(5) .

_ kT AGT
k= N exp( RT ) (3)
AG” = AH” — TAS” (4)
k _ AH” | AS” kg
1nT =~ RT JriR + In A (5)

S b SN R AGT — OB 9% AL I R BE s &y Boltzmann # %5 h—Planck %L,
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Fig.5 Linear correlation of Ink and 1/T Fig. 6 Linear correlation of In(k/T) and 1/T

of 4d at different temperatures of 4d at different temperatures
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Table 2 Activation parameters of 4b,4c and 4d
L&Y E./(k] *»mol™") AH”/(k]J +mol ') AG”/(k]* mol ) AS” /[ (J + (K e+ moD )]
4b 51.92 49. 41 96.12 —156. 69
4c 49. 05 46. 54 95. 94 —165.70
4d 65.19 62.67 96. 62 —113. 86

3

A :c=0.4 mmol/L,T=25 C
& 15

SRR B ik TP BE Oy (4~ 4D AT DL 3 Fenton 128057 Y 4040 A JH T A7 24 96 A 5 48046 S 1y 1 3 g 238

PEAR— % g iR, Ab~A4d )2 BTG AL BE4 3 51. 92.49. 05.65. 19 kJ/mol; AkRfb &9 B R 454y 0% B
F I P A A7 AE B PR S8 T A FR R B I X R 3 SR A 5 AN B
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