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Abstract

In recent years, great progress has been made to investigate the growth process of nanomaterials,
and its growth mechanism has also been expanded by various methods. However, there are few
methods to acquire the instantaneous thermodynamics information via in situ. In this paper, we
use a RD 496-I1I microcalorimeter with high precision and high sensitivity to obtain the in situ
heat flow curves in the growth process of CaMo0O, nanocake. The growth parameters of CaMoO4
nanocake were acquired by thermodynamics equation to investigate the energy and morphology
evolution of the CaMo0, growth mechanism. Results showed that the growth process of CaMoO4
nanocake had gone through two stages, including the phase nucleation and the crystal growth,
whose nucleation rate and crystal growth rate were 1.57 x 10-3 s-1 and 3.50 x 10-3s-1 respectively
at 298.15 K. Moreover, the relationships between the rate of heat change in situ growth process
and the ion concentration, crystal growth, dissolution, gathered, and diffusion have been analyzed
in-depth. This paper is aimed to provide an effective method to study the in situ crystal growth,
and further to build the foundation for thermal dynamic information of non-equilibrium growth
process of nanomaterials in physical chemistry development.
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EEER, SPORMBHA KRR RS TERNED, RNHER T SMGEARAERKE. B
FITERG FEAL KRR A RS ENBEN ZURSIAEER . AXFATKEE. mRABEN
RD496- N EHITIRE T CaMoOJRPFHI AR RE K FALSHMERGEE B, S Ra) 1ZTTERI T
CaMoO JRBHAEK HRE /1 ZRME A KR SHIER T R ERKYLE; CaMoO KB AEKEEEP T
RN S S EEREAHB, #298.15 KifH RN AR RN R AEARERNHN1.57 x 1073 571,
3.50 x 10-3 571, L RIRZI IR T FA KSR~ AN ARER SR P B TIRE . SRR .
RE. VBZEHXR. ZXEEATFAGKBRAERYBER RS AT E, #—B AP0 E
P A KRS RS S 2E BB R B E T 2R
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1. 5|

B AR B R PR A, AR AR & AP REWT 78 CLES 1 51 N B R Bk [1]-[8] - {H2 A
FIRALWE TR R A AT RE, Rk T 42 EE A A R E AR AR AR g K G54, b T 58 3
GURM RHE KRR BRI — MR E RSk 5 EIEMRAREL, 9PKRP R HR A KA Rl BF
AR R IR (AR A TR AR, AEANOR 32 IR 22 1) 52 B3R ) 2 AN Bl 71 22 K R AR RN ) T
TRE R EAFRFEROERSE AT RS, FAERAARK WEERMFHNEKEZ R, 74
F PRI R P LR UM A AT RE S e A R B AEREE R, X 58 A F T1% G dh R 1 AR KR
Finie GUKMBHRZTESUNTE S 2R 5 KRR R, T AR RO R (T3 S B T AR L T/
PR R, R SEIAURARI W] 2 A R 0 AR R R AT BRAL AT 5T

25, JRAH AR R E KSR EZ AR © JRA R BEEOR[9] [10] [11] [12] [13]. @F3HkE
T S Rl SE I L R [14] [15] ® MEMRARFAR[16] [17] @ JRAL X HHERRAEFA[18] [19]. © &AL
iR A [20] [21]. © JEAA TR TR AR[22]. @ EAFARE BRI AR[23]. ©® FRALEH RS A
[24] [25]s © [y R & e B AR [26] -

FIRTTE S A HMRR AL A, EEATARE A R S IR L L 5 45 SRR KA EHE
WAERETENBPNISER, BHUPERE. SR8 BEKRRTEIGESE . BRI
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KRR ZE RN S I AT L IBAFAE R L IRTR R, 50T, 2 HUH LT GURM R A KL A i RE
FURHEMI A58 o R TR BE SR B KA R A A RE IR I 3 25 (9 #48l 0 245 B SRR BOAR G2 AR 4
I

AR R B v RABUE T RDA96-1 AU frle #A X CaMoO, K D A K FE kAT 1 IR AL AE 2k 5)
SR . JEREXT CaMoO, PR YA FERFIE AL #hZe i 04T, 3R1G T HARF AT S A KR #2321
ENFIAE R RRFEAIE 28 S CaMoO, 9K B IS L 4EBEAR ORI, JF&h & 343N /12445 AR LI RFAIE
ERSHL X CaMoO, 9K B I A KHLEREAT 114k

2 SCIGERSY
2.1. LRI SIS

Na,M00,-2H,0. CaCl,. TritonX-100. IEFfE. FRCFE(AR., WSk TG A R A ).
LIPS (DF-2, IR AT AR AR), AR THRDA96- 1, 45 FH R 7 A A
WAMRAT), MEMEFEER(1000 pL, JLFHTTACEEM A R AR).

2.2 B4 Kigidis

DZERBFEFAE T, B TritonX-100. 1E-FEE. AR Cleie R AA b 3/2/8 Be B s B IR -&4), BUK
%5 0.64 M 1] Na;MoO, /K& 1.76 mL i A\ k% BHIR-A 1 i 25 UL As FF TritonX-100. 1EF
B AR AA AR LG 3/2/8 e B BUE B IR &4, BUKFEY 0.08 M [#) CaCl, 7K 1.76 mL i A\ Fik iz B
TRE V£ AL Bo LI A T B 3l B, e H .

2) AL A K SIS 7E RDA96-11 BB #A T gk AT, FHREEREAR L 1 mL _Ead il 2% ALl A FIGEL
B 43R N AN ES A T I R e, PR B AN AR AR S, N FAT A,
WHE NN SHIHENR 25°C: FrREarE o BN E I, R MFLR A AL B IREG KR, [F
I f e R R A FE 2 2 e S AR B I 22 ) B R . R SEUE, FTIER. oK CBE R Z&TRK %2
RBEGE rE . BJGFITS T WE T 123 TR T =R T 6 h J5 TRk,

2.3. FTAE

PRI RAE 2 IAE X SHRATHMC(XRD, Philips PW 1710, Cu Ka 5§48, A = 1.5406 A)F137 & 534
5% (FE-SEM, JEOL JSM-6700F) _E 347,

3. B/R5WL
3.1 FRIR R SR RAE

B 1 ATl &= XRD Kk, XRD ElH BTA TS5 5 FASH 451 U 77 & CaMoO,(JPCDS
£ F No. 29-0351)#ixf N, HAEMSH N a=5.19 A flc=11.25 A, A5 s s AT o 5 FE AR B AT
S, RPN SR B OR WA R i, R ARl

B2 = s R o B 2@ NP R A OR IR, BT A= S A B DER, KT
R R ST RIS o0 AT v FE 3 — X R A 45 . B 2(0) NP s s ORI A, E— 2B s 7 P29l
PRRGEH, HTHERZ 300 nm, JEREZ) 60 nm.

3.2. RGN SATIRRHLL
3 4 298.15 K '~ CaMoO, 44K G R AL A K FRFAE AT Hh 2o bt b m i, JELRASE Ja (BT P t =
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Figure 1. Typical XRD pattern of the as-prepared products nanocakes

1. FIE =489 XRD Ei&

Figure 2. SEM images of the as-prepared CaMoO,
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Figure 3. Microcalorimetric heat flow curve of in situ growth for CaMoO,
nanocakes at 298.15 K
3.298.15 K T~ CaMoO, £HK i R i 4 K BYHFAEFATE h 2k
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0s % t=1600s), Ki/MFESIBARI, K. NFERIBE QAR R ERS, FRHEERNE Ca® M Mo03
(IR ELIR A T U6 A2 IRV Mt = 1600 s 146, Job AR % B TS0 R 38 K 21 28 — Bl R (t = 1815
s), BEJGBEAIREE, IhZETT 06 R, BRI PR S t = 2884 s I, FRE#a% L. M t= 2884 s FF4f,
ok T o S A 48 R B 5 AN AR (t = 2980 s, 5 AN KB U R 38 /IN T 5 — MO (g AE), 2
JE MZ 1% R, fEt=23500s LAG, AGEAFARE T, A HEN i, I BB, &
KR PR 2R

] 4 5 298.15 K T CaMoO, 4K P J5 i A ) #uks B 2 th 4k, I 1 B W] 43 B CaMoO, 4K 1 IR
PARRKE R AR TR . AT, RBATGEE B, BOAVEGE S g 2P, 120 B kAT A G,
E t = 1815 s BT TR 2 1 55 — AR ORARL, B i 50 AR A0 26 AE BR8N B3 t = 2235 s, Mt = 2235
s £ t=2884s AEBHERAT ZIEHIIR/N. M t=2884s JT8h, BENEALHE R IR N, 7 t = 2980
s B BATRAGE Z M AMRKRAE, B85 AR A 38 2 A BRI gk B3 t = 3500 s. B, i %
BERGFREAR I TE, BN KSR R,

AR AR P 2R T 5, P ORI CEL IO & . CaMoO, 9K BEANAE— 22 58 e AR 38 AMCAL VB IS IR 1)
RBiPERE, 2GRN FERE R, ﬁ%ﬁﬁ%ﬁ?%&ﬁd%@&Amcwmm%*%ﬁﬁ%ﬁzA
MrEL, IRSEZET B (t=1600s — t= 2884 s) X ik KBt (t=2884s — t=70005s).

3.3. CaMoO, KGRI KR BN h F HiE

7 1y CaMoO, 9K A= K 2 Hp 1 S5 B A I B B i Ak A= KB B 030 2 B A 4 D0 Bl R
PR RGE IR G BN 12318, REL T & iRE t B, CaMoO, 49K AL Kt 2 ) I I #443 $i (HifH.,,)
JAE t I 2 [ TR AL T 2 (dH/dt) .

WA AL o B A SIS PTG 0, R i A 7 5 D RE[27] ] SR H AN TR B B PR R T 2 4 K

In iﬂ =Ink+nln 1—i
H, dt H,

X, H OB RS dHildt RIS n IRBIZEL Hi RS2 DI 8] t N (RS A2 5

dH/dt

OF  camsinsorionms " " e
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Figure 4. Enthalpy variation curve of in situ growth for CaMoO, nano-
cakes at 298.15 K

[& 4. 298.15 K T CaMoO, ZNAK B[R A A KRR IS T L R Eh 2k
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Table 1. In situ thermokinetic data of growth process of CaMoO, nanocakes

%% 1. CaMoO, 4K A KIS FZM R AL R Eh 3R

Reaction and nucleation process Crystal growth process
t/s (HilH.)/% (dH/dt)/mJ-s* t/s (HilH.)/% (dH/dt)/mJ-s™
1905 22.8809 —-0.2914 3015 64.3558 —0.2148
1910 23.3518 -0.3001 3020 64.4863 -0.2143
1915 23.8191 -0.3126 3025 64.6159 -0.2134
1920 24.2827 —-0.3256 3030 64.7446 —-0.2127
1925 24.7425 -0.3375 3035 64.8724 -0.2117
1930 25.1986 -0.3466 3040 64.9991 -0.2115
1935 25.6510 —0.3538 3045 65.1248 —0.2104
1940 26.0992 -0.3605 3050 65.2495 -0.2100
1945 26.5433 -0.3660 3055 65.2495 -0.2092
1950 26.9833 -0.3701 3060 65.4953 -0.2086
1955 27.4191 -0.3736 3065 65.6163 -0.2081
1960 27.8507 -0.3763 3070 65.7362 -0.2068
1965 28.2783 —-0.3782 3075 65.8548 —0.2066
1970 28.7014 -0.3793 3080 65.9722 -0.2063
1975 29.1203 -0.3798 3085 66.0884 -0.2058

k NFFALRFORIGERE R, AN s Al B IR0 IS I IED J S B R AT B, EIE B R
LA Ko

Be#%, TR13 298.15 K i, CaMoO, 49Kk i s B pit%i# %y 1.57 x 10° s (R = 0.9999), #hiA K
A )y 3,50 x 102 s (R = 0.9997).

3.4. HHERSSNARDEYRALECHIE

RAE I 3 I IRFERGE I 26 vT %0, CaMoO, KD R AL AL K FE AT 2 P AP B B RA% [ B
PR KB B, BB BN t =1600 s F t = 2884 s, AR BB, I HHPLECK RS AE, EER
PN: @ MK MR St g s, AL VBRI < TRl i 15 T B A (28], [ B e 5 T PR
RSO A 2 f A i PR DA AR K SR T S A R, DR R R R BN R 2 B @ BT IR A S, AR
TR KA B A, Ca?* il MoO, R KB IV, A2t CaMoO, 4> F 1 K @ fEAi Wiz s)
VEH R AR B2 53 B WA B ALIRES, 20 FIF I B M, DR 7E B it 28 F H B K I
e, RIS PR P SR . 55 BB t = 2884 s 2 t=7000s, IR — B, (HTBGA TR E
TNT B, IR RS . EER Y AR Y I R, (H T A R AR
TR —, HHE Ostwald ZAUALEI[29], /INRLF I IR KM IR, IR T RO IR EE N AW R, 7
UKL s fPoK 7 A W AR, TR 350 2 TR RONE DR e TS i 2% 1t RN i . B &5 S R
MHEAT, WATFERRR AR K, AR SR RESY e RAMITE S, TS L &5 T 1 A K 52 2
TRRHI, wktE T A KO FREEAT, BTRATE t = 3500 s J5 FRCGHAGHE SR A8 2% B 5 ih 2 A

BEFLLESHT, ¥ CaMoO, 9K ik JE A A K b B2 (R R AE FA% il 28 5 HC T 50 S 4k B 5 HG, $RH T
CaMoO, KPS A v BEMIHLEE, WTAREHE A i%- T MG RE-TEMRLE S5 4 7 sh 2 mibLm], o
FEUNPE 5 Fron. SFE(A): L A 5L B IRE S5, Ca® 1l MoO? JTUf 8, i CaMoO, H#i4k .,
FEP oy T IBETIA B RDIRAS J5 R A SR A%, RGBT /INBIRL. I FE(B): K #E Ostwald ZALALH,
BRI /NIRRT AE K AR, AHAR BRI R0RL 5 AR K S e D) S T AR S A5 3, IR 5 RDE B R
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Figure 5. CaMoO, nano cake growth mechanism schematic

[& 5. CaMoO, KRB E KB REE

BUZ PERAT IR (A . T FE(C): PR VAEIR AN A S IR AR A T RRAL,  DEIR T R A e 5 A P 45 I A 2D
TR B4 i e R4 oK Bt

AURYPIRIESAOTE 8 R T @A A KB R S BB AR 5. A A RE— D0
PN AL BGEAT RAL, IF45 & RS R IL 4 REHEDN FL AT BE AT LB . PR, SR A TR o
HEARRGGAM BUE RN SN 8185 B, 456 TR B HRORSEAU BT 5 38 2L i B B & M5
B P MEE G TR LUK R AL AR KL — D 2R 12

4, &Eig

KA ARG & R U 1) RDA96-1T B G FATH X CaMoO, 40K D 1 AE Kk FEREAT T I 7 7E 2R R
XS CaMoO, YA U AE KIS FRRFIE Bl th Ze 1 40 #r, 3RS T HAE TS A KRR T JB3h 115 5
H; 7F 298.15 K i L S B A% SR A KGR R 2 i 157 x 10°° s71, 3.50 x 10735, KRR B
245 CaMoO, KU TS L 4 BEAH ORI, 456 BN 712445 BB IEAE K S50, 18 T CaMoO, 44
KPP RE R AEKHLIEIE; CaMoO, 4K PR AT A KRR W] 43 AP ANBT B SRS AZ B B g A A KB B
FEXF CaMoO, 49K G I A KHLELIEAT T 4R .

e HE

XK H R Bl 5L 45 (20963001, 21273050, 21573048)) 74 FC R K2 s AE 2 A G W H  (gxun-
chxzs2016114) ¥ i),
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