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Thermodynamic porperties of CoOOOH
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Abstract: The pseudo solubility-product constant of CoOOH was detected by the asymptotic method, and then the
relationship between precipitation-dissolution equilibrium of cobalt and pH value was calculated in the acid-oxidation
system of ozone. The DSC curve and heat flow of CoOOOH powders were detected by DSC-TGA in the range of room
temperature to 516 K, where the CoOOH decomposed. The molar heat capacity of CoOOH powders was calculated by
three-line method and the fitting function of molar heat capacity at constant pressure and temperature was obtained. The
thermodynamic cycle was designed based on the known thermodynamic data, the standard thermodynamic functions of
CoOOH under slandard pressure at temperature of 298.15 K were calculated.
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Fig. 1 Schemat diagram of DSC curve of three-line method
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Table 1 Per-precipitation-dissolution equilibrium constant of COOOH at different temperatures

Temperature/ Initial concentration/

Final pH Final concentration/

T B (gL™ value (mol'L™) K

10 2.96X10°" 0.2 2.51 0.003050 2.68X107%
10 2.96X10°" 1 2.23 0.016189 2.06X107%
10 2.96X 107" 10 2.02 0.159148 474X 107
30 1L.o1x10™ 0.2 2.49 0.002853 8.67X 1078
30 1L.o1x10™ 1 1.91 0.014098 0.78X 1078
30 1.o1x10™ 10 1.69 0.132588 1.60X 1078
50 531x107" 0.2 1.95 0.002692 2.85X107
50 531x107" 1 1.85 0.011671 6.2X1077
50 531x107" 10 1.27 0.153722 1.47X107

Co(OH)s [R5 £ (1 X 107, X E W [HFE Co®
IR RRREE R N e ORI E LR AR R P Co’' &
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26/(°)
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Fig. 3 XRD pattern(a) and SEM image(b) of CoOOH powder

FEIUARE /N FRIORE SR G M Jse (TS R SRR M ot LR T
BURK, RMAELLR m, FUE MR 5 Tk

M FH S 36 O P81 8 BB A R E T 7K R 1
BTG MR A RIS, Ol b 8l B iR
LA R pH (AT ik, 1329 f AL AR TR
R IR pH T R R IE (B 1ge[Coli—pH
BD), Wik 4 s, %8800 DO LA SR BRI S 43
SHEPRIET.

-6 1 I 1 hd
0 0.5 1.0 1.5 2.0 2.5 3.0

pH
4 AEAF pH EAMT N AR N A ZRF CoOOH #
T 2
Fig. 4 Curves of precipitation-dissolution equilibrium of
CoOOH at different pH values
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Fig. 5 DSC-TGA curve of CoOOOH powder
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Table 2 Mole heat capacities of CoOOH at different temperatures
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£ 91.93 F1102, 84 5 K/min. 8L #5545 1 CoOOH
Al a-ALO; T e, oK b3 Bl A s — 232
5, BRI A3 BN [ BE I CoOOH 3 K (1) i
IRGEFEFAEE, Wk 2 Jid,

K2 EEE, HRINE 6, R E/N R
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C)m(COOOH)=—140.8T-1.055X 10°T >+0.13327+

4.237Xx10"  (J-mol K™ (12)
222 hRdEAE A E R U T B
M2 A 5
AH=[C,,dT (13)
As=] Comgr (14)
T
AGE =AHE —TAS® (15)

] e 45 5 1 2 RN S e 516 KBS OB ARAH,

Temperature/ Cor/ Temperature/ Cor/ Temperature/ Cor/
K (J'mol K K (J'mol K K (J'mol K
353 813.21 409 779.02 461 804.03
357 816.34 413 775.42 465 822.45
361 823.47 417 773.22 469 847.50
365 831.76 421 772.63 473 877.42
369 838.27 425 771.37 477 910.53
373 842.17 429 771.52 481 944.89
377 841.89 433 772.18 485 978.26
381 837.08 437 773.16 489 1,010.74
385 828.80 441 774.85 493 1,042.40
389 818.92 445 776.95 497 1,072.22
393 808.59 449 779.90 501 1,100.00
397 799.13 453 784.45 505 1,127.62
401 790.48 457 791.67 509 1,152.38
405 783.80 461 804.03 513 1,173.79
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Fig. 6 Curve of mole heat capacity of CoOOOH powder
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6_EI298A15 »m[H0(2)1dT=T7. mo 1)
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AH=AH+AHs+AH—(AH +AH)=145.01 kJ/mol  (22)
AR, 12 W 7 R
AHy=1/3AH,[Cos04(s)]+1/12AH,[HO(g) ]+
1/2AdHn[02(2)|-AH [ CoOOOH(s)] (23)
R, w43

AH® ,[CoOOH(s)]=1/3AdH,[Co304(s)]+
1/12A¢H,[H,O(2) [+ 1/2AdH [ 04()|-AH=
—437.14 kJ/mol (24)

[ EE, AR SIGIA CL AR E s, mT DR T
ZREEMIAE 298.15 K AR L BE SR A5

F4E s CoOOH WA S 2240 ds, nl LAvkEAHR
FONAR W OTAT AT, Qs PR PR A F R ER R A
F NI SR AR DT SO W R R
Co>"+1/205+20H =—CoOOH+1/2H,0+1/20, 27)

EBIAI SR 298.15 K I [FI# b 4 2 6
U, gk 3 0 4 Fl

3 298.15 K Itt CoOOOH HIFRUEA i 172 s 5L

Table 3 Standard thermodynamic functions of formation
CoOOH at 298.15 K

o
Material AfH@‘“,/l Afsfm/,l MG m,/l

(kJ-mol ) (J'mol -K) (kJ-mol )
CoOOH —437.14 —184.624 —382.099

R4 BRRIRES A I BR e EE 2R 5540 1 B H g

Table 4 Molar Gibbs free energy of relevant materials

Material A¢G®,/(KJ'mol )
Co™ -53.56
0, —61.13
0; 71.47
H,0 -306.69
OH -157.27

0 o AT L A5 ) 2 8 S R (bR R R 5 A 1 1
EH ﬁEArGQm ﬁu ‘FF)?H—‘—\‘ :
AG®=AG (CoOOOH)+1/2A(Gn(H,0)+1/2A:G (02)—
[AGn(Co™)+1/2AG(03)+2A:G(HO )=
—233.66 kJ/mol (28)

HILLE H FiR SN A G A SRUE, B BT S
FERRHEIRZS NI IR T 27 1 AT AT B, it
CoOOH K #4 7 2 Hdls Wk 58, mT Lok b K )
CoOOH Yk ML Red2 LA AR T
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