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Study on the Dissolution Kinetics Parameters and Surface Thermodynamic Functions of Nano
Barium Molybdate Based on Size Effect
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Abstract: Due to the significant surface effects exhibited by nanoparticles, their dissolution kinetics differ significantly from those of
corresponding bulk materials. This study measured the conductivity of nano barium molybdate with different particle sizes in the
temperature range of 288.15 to 328.15 K. By combining solubility method, dissolution Kinetics, and chemical kinetics transition state
theory, corresponding kinetic models were constructed. This work successfully obtained the dissolution kinetics parameters of barium
molybdate, and confirmed through detailed discussion and verification of experimental results that the dissolution process follows the
Arrhenius law. In addition, this study also derived surface thermodynamic functions through dissolution kinetics parameters, which
provide important scientific guidance for the preparation and application of nanomaterials.

Keywords: nano barium molybdate; dissolution kinetics parameters; transition state theory; dynamic model; surface thermodynamic function

GEKF R MR T BB R TR THEMEWMRZ 0, i Chaudhary ™25 AFERFIZ M T4 Mgl 55 Si 454 LI3KTS

PEBA R T RO R T 727 BAETIF H R i+
TERRIDIGE o AR R 1 2 TR AR AR 5 ) R e v PR R T
VY, SECT AR B RN, A KA R
IEPAAi R R AN SN S i b DY 5]
P2 A T A T B 3 SRR AR R

f ] o 1 2 AN KA R S 2 o AN AT Bk ) — P8 2

R LR BT 6 S AR, FLILAE e
I TEARH i AR BUBEAE W] WL R B K R i
AH, gkl SRy, RAGMPTAERSE. ITHEK, 9K
FERESh 77 AT A7 A AT TSI, gksh 7
SR R AU T SRR, TR N B K B S
BOFRZ AL, RAVK BN )5 5 & B R (KR
). Luo ™ 25 F A I3 Cu0 AL 4 it ven SR, R
FIRRA G 2R AR s (DSC) VESRIUL ) 1% 24,
KIFEHT AL s 1%, S ZI i) Cu.0 LB
A R4 BRI 5 B ) A 35 2 . Di edri ch ™ 25 A REA S10,
A TIOR8 Y5 PR 8 3 S DR R /NN 7 TR VR E ) B B
IFAF 518, AR I3 i SRR POV A R B E AR B8R PR RS
RN, H O AR 2 3 B AR IR R R

Copyright © 2024 by authors and Viser Technology Pte. Ltd.

P B SR AS RV RST s BEAT A SR AR IR 3RS
SN JIAAE I BEIURIL, WO R A MgS1 ARA K
A RE 2 [AFAEAR SR IR S « KR 1 18 1 5 5 BT
R RL () B 30 7725 RASHR ), g KL ) 5 A 3 5 40
KAPBH ] 25 AN A 2% (H H AT E Br B2k TR MRS
i 5 715 2 B0 RST B HEAR SR TE B B o

ARSI B I AN FE S R AN R SN A
HFAFEPRAZHIZIK BaMoO, A1k, JI5E 1 HAEAS R
A FERLAZ I ZUK AR BR A i =, A2 I IS BB LA |
LEGVRR SN 7172 IR B R B A, 13 B A T B
HIBE TP AR SRR, R TS R X AR BH R
BRI 1522 B R R o A AR NGRS (1
TBRALEE SR, o T TN VA EE IG5 LA
FEOt A TP SEE TR R S RO

1 SLIeERSY

1.1 SREER ST

B ZKEEMAI. KGR, ToKCEE. T
IKFTERIR  To/KEEREIREN, Y9000 al, 18 A AT AREEAT 2
—BaiL.

53



6* VISER

FARBLABEZ 2024 55134 5230
Natural Science Research.2024,1(2)

1038 S FRAC (DDS-308 AL, X LM AATHHMY
(MiniFlex 600). 4 /yin#dieds (RT10). fHIEAKHHE
(ED-19M). HEZTHEAE (DZF-6050) & F A A% B O
ML (HI850R). i B MLEE 75 Bl el (JP020).

1.2 LEERS

YEKARBRAN I 45 3 BIFRER 3. 1235¢ ToKEALE S
3.6292g /K G EHBRBAREIAE T H MR, ket 4 )
TN 50ml ZEVR/KFCRC, M RRENE I — 2 =
ToKATIERR . To/K R AN, IRAYIEIGEIN =0k, £
TR 8 I SR I SR, HEIn#EE 60°C, FRIGE
AR N BN P AL S SR, IO — B ] f5 45 21 E
e, K, FHZRIEK R OREHEVEEOR, GRS
FEIT 7R LA 60 °C 325 T4 6 /N, B AR 21 B 4] .

YPREARRBUA AR IR L Hah i S RINERE,
TR 30 208l [RIE TS IS W I 2 T R e iR
B—ANpett, K5 50mg Z&1R/K, BEJSI %A B T
JIHHEds DT INAVER . B, FEFAFREL 0. 0100g 492K2K
AR, ZEIMNFM AR E, HrEria s
TR SRR S WERE B S R A AR E AT,
TOSREEH . SO EA IR 20 (A 288. 15K,
298. 15K, 308. 15K, 318. 15K }% 328. 15K) EAE#AT, HE
URERIEE R AN [FIRLAR A 4K AR BRI it o

2 HERFFHE

2.1 BaMoO, A4 XRD FRAE

I XRD WUAFAS [ s B2 T il 45 1 BaMoOs 44K A4

B, B 1 RAERIET BaMoO, ¥ XRD B2, HATHHIER
fi7 B 5 BaMoO, bRk B3 (JCPDS 29—0193) 54—k, #*
B T 41 4% £ 4 KB aMo 0, 20 5 155 o

L 44.09nm
L ) Y M
S L 42.53 nm
3 A_A_A M
g
=
35.88 nm
A_rn M
L 25.07 nm
A n
JCPDS 89-4570
\ ‘\ I T A I N T
T T T T
20 30 40 50 60
2-Theta (°)

1 #AKEARZENAY XRD

2.2 FEHRIZEFERELRE T 4K BaMo0, BYAMEEN N

i P AN EBORIAZ 482K BaMoO, Y fAEAE 7K H A
FAEAS LR B HBRAS P28, G ia s ) A ™
AN FNREE NS TIREE ¢ SIEMRER TR Ao R AE 2
B e o34 B 2 AT RN ZORARAE RIS, H AR B VA Ak B2 B
i BT R s R AR [RIIN, BH R AIUA VA -7
087 BRI i) A PR 38 KT i/ o RBURE RUST ), FEAR T
BUBOK, RS T R, P X J ok .

54

25.07am SR
ot /'
*
.
= - *
ER RS
e
= .
IS
£ 2
2 I
§)
@ m 288.15k
T o 29815k
A 308.15k
o v 31815k
& 32815k
0 1 L . . 1 1
0 500 1000 1500 2000 2500 3000
t/s
3.0
42.53nm
25L > il
&
20} 9
.
.
= 15}
) .
-‘r=
=] 10F o
X
% = 288.15k
5 05
o 0s /’-' o 29815k
A 308.15k
0.0 F - v 318.15k
* 32815k
0.5

C
500

L
1000

L
1500
t/s

L
2000

L
2500

3000

3.0
35.88nm
25+ /’v - »
55l fﬁ
S5k ¢
g Y
?2 .
< 1.0 | ‘
"z I = 288.15k
©osl e 298.15k
b¢ A 30815k
v 31815k
0.0F ¢ 32815k
0 500 1000 1500 2000 2500 3000
t/s
3.0
44.090m
25 /
&
20
ERE
=
)
= Lo
©oost .
L]
A
0.0 f v
& 32815k
0.5 .

L
0

L
500

L
1000

L
1500
t/s

2 TEMHZIBAERINFER RLIRE TINE TR E Siamget | X R

L
2000

2500

3000

Copyright © 2024 by authors and Viser Technology Pte. Ltd.



HAFFABIZE 2024 1% 4521
Natural Science Research.2024,1(2)

1000

= 288.15k N
(b) ® 29815k 160 - (C)
A 30815k ol
v 31815k
+ 32815k 10t
2 100}
2
T 80
= = 28815k
3 60F o 29815k
40 F 4 308.15k
v 318.15k
20F + 32815k
* 0F
0032 0036 0040 0024 0028 0032 003 0040
dnm?) dinm?)

3 ERRMAMEREUANFZRYSRERBZ BHXER

20 = = 288.15k
(a) o 29815k
260 A 308.15k 800 |
v 31815k
=250} ¢ 32815 | T €
= 250 ¥
£ o600
2 240 2
wE )
2 230 *\;
2 400
220
o0k M 200 |
0024 0028 0032 0036 0.040 0.024 0.028
d*(nm™)
110 = 28815k
e 298.15k (a)
100 4 308.15k
9+ v 318.15k
¢ 328.15k
= 80
£
= 70 -
<
2 60
0 >
50
40 2
of ¢°
. . . . .
0.024 0.028 0.032 0.036 0.040
d*(nm?)

110 N = 25.06nm
100 L (b) o 3584nm
A 42.55nm
90 v 45.05nm
S sof
E
S T0F
%
% 60
50 -
40
30
280 290 300 310 320 330

T(K)

B4 {REE/RME Gibbs HHBESTRMEELY. FRIEEMXR

2.3 R A FESEF I

SELRTIR T RSN 1 T, R EIR R
ANRIRLAR AN KA R A A SR SR Al T R 5 4, IR B
HH AN [ 35 P RV TS 4 K B TR B0V A (1 Y5 A B R 35 A
Gibbs HHIBE FIKE, L] T 9K R 1 ff i 2
BN IR IR IG5 R B S RLAR B B 2 T ) R R
WK 3 s

TR 3 IR AT, FRATT AT UR AN K B R LT
JE IR HEARAE TG4 Gibbs H HIRE LA KIS IR Y Bl 2 S M)
BRI/ 2 IR X — B R AR IEAE T 90K
R AR 1 LE R R RN, B 5 8K T 1 34 BE AR
BT AR HCIR AR T o IRIE SRS, A RARE
(03 Y S B S KA 2R T T 2 R ) B 22 A 45 T HOtR A
BEEAR. DR, BEAERLAR AN, 400030 15 A0 BT 75 1 R
W2 b, BEMRICATESE  TER LA ISR Gibbs
H B A

fiw B /R K 1H Gibbs H HAEH AT AT 13, WK%
Il Gibbs H HAE S A FNRE . A FEPRAR RO &,
Bl 4 i

TR B 4 AT A HT, FRATT AT DAV ER 3 i B /R R T
Gibbs H HIfE-5RAZ I Hh 2 18] 4715 35 35 1 2R P IEAH
KRR REWE, FEERANAWIR, WEE/REH
Gibbs H HAEZHLHIZHT LTS . X — IR A
T, BEARCRARL 7 A R BUR TR Y, (HGeRRL T

Copyright © 2024 by authors and Viser Technology Pte. Ltd.

(0 e R B S B LA RN T 2 2 T . R,
R IR/ 80T e BE /R K TH Gibbs E HIREMIBE IR A4k
EAFVERE K, W EE /R L Gibbs [ T REE 2 45 165 (1
PANCIESNZ 1] 2 (30

3 it

AR 0 i 8 3 A 4 S5 S PRI IS I R[] A
JSSEIAR JE A5 S A A 6 R [RDRLAR (1 9 K R BN, T
T S AR RN, AR T A AR R, 4
BB IE TR TR BN 15 SRR B A S B 7 2 i A
BB 1R UK BRI IR R B 1 S S R
THI#AT )5 R 25 SR KA YRR AR 8 71 5
SR RELW, R 1% S ERA R iTE &
WL I 2R PR DG REUINZR DR R o T 0 R AU . RS
fhfRE LT AE Gibbs H HIRE & 0543 70 -5 49 KB BRIV
BIEIECR LRSS, MiRE e, BEERAZNED,
FIEACRE . FEATECA T AIEIL Gibbs H HAE. . Ik
AN, SRR RN . WEX B IR %S HE
T IR, 3 2R R TR B R I B 2k
PESE R, ZAML RIS Arrhenius HUEE. BEEIREER T
PR E AR . AR TAEE A B ) R 5T T KR
SERRBN 15 S50, A R T 5 R %L
NIREUA KA BN 715 SRR T R AR T 5% .

HEETH: ERAREFESTIEH (No. 22263001,
2187030521 )5 [ 5 K 2 A= A1) i Ak Il Zx v kil I H

55



@" VISER

FARBLABEZ 2024 55134 5230
Natural Science Research.2024,1(2)

(No. 20221060814 7X, 202210608130, S202310608149X) .
(5% 3]

[1] Yu, N. F.; Tian, N.; Zhou, Z. Y.; Huang, L.; Xiao,
J.; Wen, Y. H.; Sun, S. G. Advances and prospects of
porphyrin derivatives in the energy field[J]. Angew
Chem Int Ed Engl,2014,53(20):097-101.

[2] Hu, C.; Chen, R.; Zheng, N. Chemical insights
into interfacial effects in inorganic
nanomaterials[J]. Adv Mater,2021,33(50):2006159
[3] Goyal, M.; Goyal, V. Effect of size and
temperature on vacancy
nanomaterials[J]. Pramana,2021,95(3):22-23

[4] Yu, W.; Dong, Q.; Yu, W.; Qin, Z.; Nie, X.; Wan,
Q.; Chen, X. of halloysite/Ag20
nanomaterials and their performance for iodide
adsorption[J]. Minerals, 2022, 12(3):99-100.

[5] Aguilar, N.Aparicio, S. Theoretical Insights
into CO. Adsorption by MoS: Nanomaterials[J].The
Journal of Physical Chemistry C, 2019 (43) : 6338-6350.

[6] Rahman, M. M.Alam, K. Clean energy, population

concentration in

Preparation

density, urbanization and environmental pollution
Bangladesh[J]. Renewable
Energy, 2021 (172) : 1063-1072

[7] Kustov, L. M hybrid
nanomaterials[J]. Molecules,2021,26(2):99-100

[8] G 6 mez-L 6 pez, P.;

Castro—Beltr ad n, A.; Santos do Nascimento, L. A.;

nexus: Evidence from

Catalysis by

Puente-Santiago, A.;

Balu, A. M.; Luque, R. Nanomaterials and catalysis
for green chemistry[J]. Current Opinion in Green and
Sustainable Chemistry, 2020 (24) :48-55

[9] Zhang, Q.Yang, X.;
magnetic
catalysis[J]. ACS Applied Nano
Materials, 2019, 2(8) : 4681-4697

[10] Percebom, A. M. Towesend, V. J.; de Paula Silva

de Andrade Pereira, M. ;

Guan, J. Applications of

nanomaterials in heterogeneous

P ¢é rez Gramatges, A.
Morphology—dependent sensing performance of Cu0
nanomaterials[J]. Current Opinion in Green and
Sustainable Chemistry,2018(12):8-14.

[11] Li, N.; Li, Q.; Guo, X.;

Controllable synthesis of

Yuan, M.; Pang, H.
oxalate and
oxalate—derived nanomaterials for applications in
Chemical

electrochemistry[J]. Engineering

56

Journal, 2019 (372) : 551-571.
[12] Rodgers, A. N. J.; Rabiu, A. K.; Toth, P. S.;
Adams, R. W. Dryfe, R. A W

electrochemistry of carbon nanomaterials at the

Assembly and
liquid-liquid interfacel[J]. Electrochimica
Acta, 2019 (308) : 307-316

[13] Frohlich, E. “Biology and Medicine” : A Section
of Nanomaterials

Addressing Interactions of

Nanomaterials with All Forms of
Life[J]. Nanomaterials (Basel),2021,11(9):34-35.
[14] Shin, T. H.; Cheon, J.
Nanomaterials with Physical Stimuli for Biology and
Medicine[J]. Acc Chem Res,2017,50(3):567-572

[15] Alencar, L. D. S. Mesquita, A.; Feitosa, C. A.
C.; Balzer, R.; Probst, L. F. D.; Batalha, D. C.;

Rosmaninho, M. G.; Fajardo, H. V.; Bernardi, M. I.

Synergism of

B. Preparation, characterization and catalytic
application of Barium molybdate (BaMo0O4) and Barium
tungstate (BaW04) in the gas—phase oxidation of
toluene[J]. Ceramics
International, 2017, 43 (5) : 4462-4469.

[16] WK, FER, FREMRRNA N FHRER
[J]. ¥ A% #4%, 2016, 32 (1) : 131-153.

[17] Hashemi, H.; Babaee, S.; Mohammadi, A. H.
Naidoo, P.; Ramjugernath D. Experimental study and
modeling of the kinetics of refrigerant hydrate
formation[J]. The Journal of
Thermodynamics, 2015 (82) : 47-52

[18] Luo, X.-L.; Wang, M. -J.; Yun, L.; Yang, J.; Chen,

Y. -S. Structure-dependent activities of Cu20 cubes

Chemical

in thermal decomposition of ammonium perchlorate[J].
Physics and Chemistry of
Solids, 2016 (90) : 1-6.

[19] Chaudhary, A.-L.; Sheppard, D. A.; Paskevicius,
M.; Pistidda, C.; Dornheim, M.; Buckley C. E. The
dissolution rates of Si0: nanoparticles as a function

sizelJ]. Acta

Journal of

of particle
Materialia, 2015 (95) : 244-253.
[20)7¥: £, A48, 8, B8, BRZE. L7 ERAKEAMN
THRARMEANFHEAREZLHRI. HEMFF
%, 2016 (12) : 2891-2897.

BRMEEEA: EAEE (1952—), B, HLEERA, /-
BREAFHZ, EENELHRM B & R FNF R

Copyright © 2024 by authors and Viser Technology Pte. Ltd.



