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S1. Water vapor effect on the reaction pathway
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where ag is the amplitude, a; is the center, a; is the width, and a; is the shape parameters.
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Figure S1. MDA results for the thermal dehydration process of CC-DH (mo = 3.01 £ 0.04 mg) to form CC-AH
under linear nonisothermal conditions at various £ values in a stream of wet N, with p(H>O) = 0.8 kPa.
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Figure S2. MDA results for the thermal dehydration process of CC-DH (mo = 3.02 + 0.06 mg) to form CC-AH
under linear nonisothermal conditions at various /8 values in a stream of wet N, with p(H>O) = 1.8 kPa.
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Figure S3. MDA results for the thermal dehydration process of CC-DH (mp = 3.03 £ 0.05 mg) to form CC-AH
under linear nonisothermal conditions at various f values in a stream of wet N, with p(H,O) = 4.2 kPa.
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Figure S4. MDA results for the thermal dehydration process of CC-DH (mo = 3.02 £ 0.04 mg) to form CC-AH
under linear nonisothermal conditions at various £ values in a stream of wet N, with p(H,O) = 7.5 kPa.

s6



Supplementary Information

500
450
1 ~
400 =
350
- 0 300
= -104 -
EC ]
T 20
S -30 T T T T T T T
0 30 60 90 120
time / min
(b) 35 | p(H,0) 7 kPa
30 0.8
1 —11
254 —15
= {—19
= 204 —25
> {—233
E 154 —42
= 1—56
g 104 .
5 1—=z84
. |

420 4(IJO SéO SEISO 3¢I1-O 350
T/K

Figure S5. TG curves for hydration process of CC-AH under linear cooling at 1 K min™! in a stream of wet N2 (gv
=200 cm® min™): (a) typical measurement scheme for the rehydration process and (b) TG curves at various p(H>0)
values. Measurements were performed using a humidity-controlled TG system constructed by coupling TG-DTA
(TG8122, Rigaku) and a humidity controller (me-40DP-2PHW, Micro Equipment Co.). Initially, the CC-DH sample
(300-500 pm, mo: approximately 3.0 mg) was heated to 473 K at a # of 5 K min! in a stream of dry N, and
subsequently cooled to a temperature of 423408 K at a cooling rate of 5 K min™"'.

S2. Kinetics of the component reaction steps at different p(H20) values
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Figure S6. An example of TG-DTG measurement conducted for the two-step thermal dehydration process of CC-
DH to form CC-AH via CC-MH recorded by heating the sample (7m0 = 3.084 mg) according to two-step isothermal
heating program in a stream of wet N> with p(H,O) = 1.8 kPa.
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Figure S7. Kinetic curves for the first reaction step of the two-step thermal dehydration of CC-DH to form CC-AH
via CC-MH (thermal dehydration of CC-DH to form CC-MH) under linear nonisothermal conditions at various
values in a stream of wet N, with different p(H,O) values, extracted from the overall two-step thermal dehydration
process of CC-DH to form CC-AH via CC-MH using MDA: (a) 0.8, (b) 1.8, (c) 4.2, and (d) 7.5 kPa.
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Figure S8. Kinetic curves for the second reaction step of the two-step thermal dehydration of CC-DH to form CC-
AH via CC-MH (thermal dehydration of CC-MH to form CC-AH) under linear nonisothermal conditions at different
f values in a stream of wet N, with different p(H>O) values, extracted from the overall two-step thermal dehydration
process of CC-DH to form CC-AH via CC-MH using MDA: (a) 0.8, (b) 1.8, (c) 4.2, and (d) 7.5 kPa.
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Figure S9. Kinetic curves for the first reaction step of the two-step thermal dehydration process of CC-DH to form

CC-AH via CC-MH (thermal dehydration of CC-DH to form CC-MH) under isothermal and linear nonisothermal

conditions at various p(H»>O) values, represented in the 3D kinetic coordinate of 7!, ay, and In(da,/d?): (a) 0.8, (b)
1.8, (c) 4.2, and (d) 7.5 kPa.

—o— nonisothermal

B o(H,0) = 0.8 kPa gt N
_ T p

= —— nonisothermal
.. |—>— isothermal (b) 2 °Are —— isothermal
= -6 /7, l. %_., % ‘.
A L B ¢ |
feay ~— -8 T |
z S 9 = ’
3 9 S 10 - |
= 10 1.04n o a1y 1.0gn,
= 256 0_5%&\ = 2.50 06 ¢
o 7 045
“loy o 0.2 o
&\ g ] 56 Q%&
’ 000 258 009
—T-—e—noniscthermal, —~14—o— nonisothermal
(3R ~(H.0) = 4.2 kPa -  .—— isothermal ((2)] ~(H,0) = 7.5 kPa I —— isothermal

Figure S10. Kinetic curves for the second reaction step of the two-step thermal dehydration process of CC-DH to
form CC-AH via CC-MH (thermal dehydration of CC-MH to form CC-AH) under isothermal and linear
nonisothermal conditions at various p(H,O) values, represented in the 3D kinetic coordinate of 7!, @, and
In(day/df): (a) 0.8, (b) 1.8, (c) 4.2, and (d) 7.5 kPa.
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Figure S11. Friedman plots at different a; for the first reaction step of the two-step thermal dehydration process of
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Figure S13. Apparent linear correlations observed between In4; and E,; values established for the first and second
reaction steps of the thermal dehydration process of CC-DH to form CC-AH via CC-MH using the conventional

Friedman plot and master plot methods.

S3. Kinetic modeling based on IP-SR-PBR(n) models
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Figure S14. Typical fitting results using SR—PBR(2) model for the first reaction step of the two-step thermal
dehydration process of CC-DH to form CC-AH via CC-MH (thermal dehydration of CC-DH to form CC-MH) under
isothermal conditions at various p(H>O) values: (a) 0.8, (b) 1.8, (c) 4.2, and (d) 7.5 kPa.
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Figure S15. Typical fitting results using IP-SR—-PBR(2) model for the second reaction step of the two-step thermal
dehydration process of CC-DH to form CC-AH via CC-MH (thermal dehydration of CC-MH to form CC-AH) under
isothermal conditions at various p(H,O) values: (a) 0.8, (b) 1.8, (c) 4.2, and (d) 7.5 kPa.
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Table S2. Optimized rate constants of the SR-PBR(n) models for the first reaction step of the two-step thermal
dehydration process of CC-DH to form CC-AH via CC-MH (thermal dehydration of CC-DH to form CC-MH) at
various temperatures and p(H»O) values

Rate constant
p(H20)/kPa

ksr,1/s7! kpBR(n),1/57!

SR-PBR(3) 0.8 3567 - 3.75x107°  3.67x10%  0.9922
3546 | -—- 3.05x107°  290x10*  0.9948

K02 T e— 1.86 x 107 1.82x10*  0.9946

15107 T p— 1.51x 107 1.30x 10*  0.9848

3478 e 9.65x10*  624x10°  0.9822

3453 | - 739x10%  370x10°  0.9789

1.7 368.8  oeee- 3.62x 107 568 x107%  0.9965
366.5 - 1.74x 1072 4.02x10%  0.9910

172 S — 6.02 x 107 1.50 x 10*  0.9741

3614 0 5.88 x 107 141 x10*  0.9903

3594 - 3.68x10%  7.12x10°  0.9726

4.1 387.8 | - 5.83x 1073 1.48x107°  0.9353
3824 e 2.22x1073 565x107%  0.9690

3785 | —- 7.26 x 107 191 x10* 09211

7.4 4023 e 844 x 107  2.05x10°  0.9427
4003 e 4.07 x 107 1.00 x 10 0.9860

3980 e 2.19x107°  594x10*%  0.9960

3955 - 221 %107 3.57x10%  0.9955

3927 e 7.54 x 1074 1.51 x10%  0.9957

SR-PBR(2) 0.8 3567 | —-- 455x107  498x10%  0.9921
K1 T e— 432x107  3.63x10%  0.9963

CE 7% R e— 261x107°  228x10*  0.9964

RE0 1 T e— 2.34 %107 1.74 x10%  0.9941

3478 | - 1.61 102  8.00x10°  0.9753

3453 - 1.23x107°  477x10°  0.9876

1.7 3688 - 3.59x 1072 7.72x10%  0.9944
366.5 - 1.99 x 1073 501 x10%  0.9975

172 S — 6.65x 107 191 x10*  0.9864

3614 e 7.18 x 107 1.70 x 107*  0.9943

3594 | - 3.30 x 107 1.03x10*  0.9867

4.1 KT X: R e— 6.82x 107 1.83x107°  0.9869
3824 239x107°  732x10*  0.9831

3785 - 7.80x10% 251 x10*  0.9423

7.4 4023 e 993x107°  2.64x10°  0.9632
4003 e 543 %107 1.17x1072  0.9930

3980 0 - 326x107° 7.84x10*  0.9711

3955 e 2.53x 1073 455x10%  0.9964

3927 - 1.00 x 1073 1.78x10*  0.9959

 Determination coefficient of the nonlinear least-squares analysis.
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Table S3. Optimized rate constants of the IP-SR—PBR(n) models for the second reaction step of the two-step
thermal dehydration process of CC-DH to form CC-AH via CC-MH (thermal dehydration of CC-MH to form CC-
AH) at various temperatures and p(H,O) values

p(H,0)/kPa

Rate constant

ksrp/s™! kpBRr(n)2/S ™!

IP-SR- 0.8 386.7 | e 6.30 x 107 1.29 x 107 0.9792
PBR(3) 3847 e 3.89 x 1073 837 x10*  0.9948
382.8 9.43 x 107 2.38x 107 430 x 10 | 0.9942
380.8 5.00 x 107 1.47 x 1073 3.05x 10%  0.9916
378.9 275 % 107 8.09x10* | 988x107° 0.9961
1.7 394.8 1.06 x 102 325x107° 743 x107%  0.9903
392.4 5.00 x 107 2.19 x 107 457 %10 | 0.9989
390.6 1.25x 107 8.93 x 1074 1.04 x 10*  0.9476
390.0 7.89x10% | 649x10* | 637x107° 0.9250
4.2 408.2 1.69x 102 9.19x 107 1.55x 107 0.9686
406.5 7.35 % 107 3.59 x 1072 585x107% | 0.9941
404.5 2.85%x 1073 1.75x 1073 2.52x 107 0.9746

402.7 798 x 1074 | ceeeee e s
7.5 419.6 1.11 x 1072 9.78 x 107 1.79 x 107 0.9462
4153 1.43 x 107 2.26 % 107 569x10* | 0.9779
413.5 9.09x10*  802x10*  276x10%*  0.9811
IP-SR- 0.8 386.7 | ——e- 7.68 x 107 1.60 x 107 0.9872
PBR(2) 3847 - 5.07 x 107 9.84x 10*  0.9989
382.8 9.43 x 107 3.35%x 107 500 107* | 0.9984
380.8 595107  232x107° 3.54x107%  0.9993
378.9 275 % 107 1.12x 107 1.16 x 10* | 0.9940
1.7 394.8 1.14x 102 4.53x107° 891 x10*  0.9935
392.4 5.00 x 1073 1.78 x 107 7.04%x10% | 0.9959
390.6 1.25x 107 1.27 x 1073 148 x 10*  0.9734
390.0 789x10* | 649x10* | 6.82x107° 0.9806
42 408.2 1.69x 102 7.76 x 107 1.89 x 1073 0.9872
406.5 7.35 %1073 3.77x 1073 7.72 x 1074 0.9819
404.5 3.40 x 107 1.75 x 1073 3.67 x 1074 0.9799

402.7 798 % 1074 | oo e s
7.5 419.6 1.11 x 1072 9.79 x 1073 3.23x 107 0.9823
4153 1.43 x 107 247 x 107 730 107% | 0.9895
413.5 9.09x10%  995x10*  338x10*  0.9851

? Determination coefficient of the nonlinear least-squares analysis.
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Figure S16. Arrhenius plots of the individual physico-
geometrical reaction steps for the first reaction step of
the two-step thermal dehydration process of CC-DH to
form CC-AH via CC-MH (thermal dehydration of CC-
DH to form CC-MH) at varying p(H,O) values: (a) SR
and (b) PBR(2).
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Figure S17. Arrhenius plots of the individual physico-
geometrical reaction steps for the second reaction step
of the two-step thermal dehydration process of CC-DH
to form CC-AH via CC-MH (thermal dehydration of
CC-MH to form CC-AH) at varying p(H20) values: (a)
IP, (b) SR, and (c) PBR(2).
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Table S4. Apparent Arrhenius parameters of the component physico-geometrical processes involved in the two-step
thermal dehydration process of CC-DH to form CC-AH via CC-MH at different p(H>O) values, as determined based

on the SR-PBR(2) and IP-SR—PBR(2) models

Rz:‘ec;.’“ Process E./kJ mol™! In(4i/s7)

1 SR 0.8 1234+ 10.5 36.3 % 3.6 0.9858
1.7 269.3 + 20.1 8224 6.6 0.9918

41 283.2 +28.9 829491 0.9948

7.4 201.7 +26.9 82.5+8.1 0.9875

PBR(2) 0.8 213.6+ 12.2 64.5+42 0.9935

1.7 236.8+5.9 70.1 = 1.9 0.9991

41 258.9 + 33.4 74.1+10.5 0.9918

7.4 3452 +25.9 97.1+7.8 0.9916

2 P 0.8 384.9 + 64.6 116.3 = 20.4 0.9862
1.7 724.9 + 96.4 216.5+29.6 0.9828

42 7333 + 1524 207.0 + 453 0.9890

75 607.9+73.2 169.7+21.2 0.9928

SR 0.8 290.6 + 24.1 85.6+ 7.6 0.9898

1.7 469.3 + 84.9 137.6 + 26.1 0.9688

42 558.4+19.7 159.7+ 5.8 0.9994

75 525.0 + 60.7 1459+ 17.5 0.9934

PBR(2) 0.8 3033+ 434 116.0 = 13.6 0.9822

1.7 681.3 2054 200.9 + 63.0 0.9199

42 6117 + 652 173.9+ 19.3 0.9944

75 526.0 £ 27.7 145.1 + 8.0 0.9986

? Correlation coefficient of the linear regression analysis for the Arrhenius plot.
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Figure S18. Apparent linear correlations observed between Ind; and E,; values determined for the individual
physico-geometrical reaction processes of the first and second reaction steps of the thermal dehydration process of
CC-DH to form CC-AH via CC-MH based on SR—-PBR(3) and IP-SR-PBR(3) models, respectively: (a) first and
(b) second reaction steps.
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