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Abstract

Four Kkinds of nano cuprous oxide with similar particle sizes but different morphologies were syn-
thesized. According to the XRD and SEM pictures, their particle sizes were about 20 nm, and the
morphologies were determined as sphere, cube, hexagonal prism and hexagon. A thermodynamic
cycle was designed according to the law of Hess. The dissolution enthalpy of reactants and prod-
ucts were determined by RD496-2000 micro-calorimeter based on the designed thermodynamic
cycle. And then the standard molar enthalpies of nano cuprous oxide were calculated. They are
(-77.284 £ 0.191) k] /mol, (-136.084 + 0.194) kJ/mol, (-137.114 % 0.203) k]/mol and (-162.114 *
0.220) k]J/mol. The results show that the bigger difference of the morphologies of nano cuprous
oxide, the bigger difference of the standard molar formation enthalpies.
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XEFERT UARARE, HHARPPKENTHE, HIHTTXRDMSEMRAE, MIEBHHHINER
W, SLTER, ANHRE, ANAE, ERATE20 nmES . R BB e R T AER, JBETRD496-2000
PAE AT RIEFE ) R S 5 £ R AT I R W sE, it ER R RAE RS, HENHIA
(-77.284 + 0.191) kJ/mol, (-136.084 + 0.194) KJ/mol, (-137.114 * 0.203) kJ/mol, (-162.114 *
0.220) KJ/mol. H A BIGKRE AT KIbrE /R & BUE RERA BT A R K418, HRSERK,
PRAEA R E A K .
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1. 5]

Cu,0 & —FpE BN P ALY G4k, NIREII 45k, BEW9ifEy 2.0~2.2 eV [1], fEHF[2]. KBHAEF:
3]s L SARA 4] A RR[5]. AR IRAR (6] H AT 2 M. Cu0 & —Fifase e
7], B RELE AT WLOCHE R R A K A AR O, A Hpe 34, Cu,O 1EGIEALFIIE BE 4% 7 iR A HLI5 28, TR
I 23 R CR B IR I R R B R AR 2R 1 R AT AR . T Cu O FEZE [ R FHARE . 4RIk,
WA SRR R K N R AI[7], TEMPRIEI SR A, A R — TSR RS I EAL A K kLT 52
B2 IV L AESR, 3 A A FTESI Cu,0 TR I, 3F CR Il & R Cu,0 —4E45#4[8]-[10]-
WENE[11] [12] R Z AL [13]-[15]. CupO TR A 4EFEXT H R AR K F2m . Huang [9]55H) 4 1 &tk
SETTRS BRIRGIK Cu,0 FF HFFE 18 AN [F) BBk MR B ARe M o AT TIE ) 28 1 AS[EPRIAR ) Cu,O JF HLEL#R
T AR Cu,O X RS (I PR A AL MR B . AN EIZERER CunO LR AR AN Sk 4Lk 22 Sk, s Hobk
REA IR K . AR 2 AR 2 A SR T DS BN, AN R TR R T RE . WRRNFR 2 . WRPH e ) SR 1
S, FEASFIZERL 2 AR TE M B 2RI B K 25 57 [16]-[18], M58 T S SE Bk 1T L
P, BT GBI RRA I

PR R IR AR RS S AR A BHE A HJE M . GORARN T B 2 2 — AR B AT 5 A3 )
T2, 124 NiE, GORMEHA IR R IR B IERE, FRAFER IS, 9K R 48
FATHTE ARSI R BE R AR s Rk, WA aae . B2 MR AU KA R 3R ) 2 b
Boll, BEMERGCKA R R BCG RE . E. SO AR A2 G R S AT e, T
YR BRI FHARARAE, B “COURMRIA T2 W 0 AR R e VR o R oK S AN ST A 1) s 4 R
IRAFSIE S I Gibbs H HT RESE AT 25 R BUE 0 A D0 BIFR0E o Xl LR A ST R T AME, R 3
PR B IR A e SR A A2

ARSI BT R 2, R R I ok [5] RSE AS TR TSR AN K S A S A R s 1 JBE R A B AT 7 e
g T H R
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2. MAFCTFNERK
2.1, AFISYEE

RSB AR S, AR RERE. R OIEIEIE TR . LR, YR
TARRAERA P28, irdi. B R, RETRRAFRA ). OB FrER=5M. 4
Wi JoK SRk SR e s T, A A Al

14 : RD496-2000 Y fi i A it-(4a BH R A BT XS B BR A F]), XD-2 X SHEfTat (bt hri@ ),
Quanta-400 37 & S 414 L4 (USA, FEI).

2.2. BrmpHlE

2.2.1. BRFEAK Cu,0 Bl

# 5 mmol 2L B4R A2 1 5 477 PVP 18 mmol, PEG 18 mmol ¥ T 100 mL 2848 /K H, 14 /745 +¢ 15 min,
W AR L SE A, DL— 5 SR m) T PR I 35 mmol A E AN TR 60 mL, $iiEE 5 min J5 0 5 mmol
HPEAI A0 mL, HEFETHEZS] 70°C, &S5 min 5RO T0CIHIE/KE, 488: 58 25 min, B, B2
BENZEZE, BRSO AHZERK. ORGSR, 60 CHEZ T 3h, YK Cu,0 Bk[19].

2.2.2. AIFHBRK Cu,0 HIFI&

T 20 mL 0.7 mol/L i B4 A2 T 35 £ 77 PEG 24 mmol I BIBest b, RE/Hi+E . 4 40 mL 0.6
mol/L S AR B R . #7186 RE 30 min, 4RJ5% 70 mL 0.2 mol/L Pi¥A ML ERIZ i I\ 3|
RAW, BB 30 min, AEEIUEAER. B0, FATKOE LB TKEFESIK, 60CFH
T8 h, 1FEI44°K Cu,0 L7 H[20],

2.2.3. FRIRIEEHNK Cu,0 K&

BRBRA . FEIHE. WA RRERENZ 1:1. 625:0.06 BE/R HUOBHAUR &, n— €& OP Mkt % 100 mL, LH]
NP VBT, e R TR A L T K b A i S N 8 A oo B P o KO A 2 A R 5 48
L. B G FRZE, AN 95 CREIRAERRIL 1 h, SO0 3, PRI oK. oK OB oK
LR, BT, AEI9PK Cu0 Sk AE[21].

2.2.4. RARMK Cu,0 Kk

W PP B ER AN R R LA 101 F) B R EL B AL 25 35 1K Hh, TC 1) B 2 A 0.02 mol/L ) CuP* ¥4 ¥ 30 miL.
IMNIRE K Z KA Cu™ BE/RER 2:1, FIRE /4t 8843k 5 min. IRAIIEIEE 40 mL A RPE S,
In#EE 200°C, Rl 15 he BUH RN RS EHARAED, K A R BORE S B0 B, B BT KR 2 WK,
FFTK B 1k, &5 T 60°C T4 8h, HFRI49K Cu,0 /~AA[22].

PA_E Cu,0 & S IE T SCHR[19]-[22], AHRZAFHEAT TR R,

3. PKFEILLFRIRAE

PUFA R TE SRR 40K Cu,0 ¥ XRD BRI SEM B 4rilan < 1. [ 2 fitzs, XRD B BT A AT 5 06T
5 CuO #rifEle—3, BB s AT o st MR B AT a0, RIS~ ah vy, & WA &R
W, FEHFEAR—, RAHR AR, YRR T AR 20 nm. B SEM B 7] E1E)
FOTFIES A 45, HRSFR/NS XRD 25 356 B o

4. FEBE/RE RIEHMETHE
SESEAE R KC A8 K oI5 e AT DI, DA 5 P ) A 2R 5 MM, 92 1 /2 20805 K

O,
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Figure 1. XRD spectra of four kind of nano cuprous oxide
E 1. MR EH IR XRD B

Figure 2. SEM pictures of four kind of nano cuprous oxide (a, b, ¢, d were denoted
to the ones of sphere, cube, hexagonal prism, hexagon)

[E 2. MRS SEM Bl(ay by cv d 2RIABKR . LR ~IEE, 7~
Bi)

0] 2 HafE
B 1 BdEnT R, ERMARGNE KCIAE X & /Ko BV ##4S (17.570 + 0.02) kd/mol, £ [ SCHR[23]
%1298.15 K N HIVAMIEAE 9(17.518 + 0.01) kd/mol, —FHIAERHRZAU AN 0.297%, 2B &R G UERI Tl

—

ET



AT AR TR T ZRAN 7] 0 40 A S0P SV ) o 1 B 7 A e A

A RS RS R A, WO YE S e, ot 1) 3 B RE[24].
HT 3R G A T 13 A K SR A PR v R IR A ke, A S A6 Bk WL STk [24] [25], A 30
T
AHy =2A:H; (CuCl)+AH, (Mg (OH), ) +5A.H, (CuCl)— A H,, (MgCl, -6H,0)— A H, + A H,,
= 2x(-137.2) kd/mol +(-924.664) kJ/mol +5x(—285.830) kd/mol—( —2499.0) kJ/mol
-AH, +AH,,
=-129.214 KI/mol —A H_, + A HS,.
fE 298.15 K KRR, K SEAANAE st i T 3.0 mL 1 mol/L (ks sk, 43t 6 ksLit, 13
FRLA A 20 nm (FIERDR S H (A b v BE R A sy, FLAmute BE IR S AR WL 2, 72 3,

Table 1. The solution enthalpy of KCI in water
7= 1. KCl fEk P RYA RIS B 3R

Reaction system NO. Mkel (g) Vio () Q (mJ) A H, (kJ/mol)

1 0.0112 3.0 2640.34 17.563

2 0.0112 3.0 2643.35 17.583

3 0.0112 3.0 2642.60 17.578

KCl-H,0

4 0.0112 3.0 2639.89 17.560

5 0.0112 3.0 2641.10 17.568

6 0.0112 3.0 2640.80 17.566
Average value 2641.35 17.570 £ 0.02

Table 2. The solution enthalpy of reactants with special nano cuprous oxide

3 2. KRR/ 20 nm BORGIK IR & B9 R E0A AR kS EER

Reaction system NO. me,. (9) My, o0 (9) Q; (MJ) ArH -, (kd/mol)
1 0.0400 0.0565 -36923.0 —132.92
2 0.0400 0.0565 —36950.6 —133.02
3 0.0400 0.0565 -36913.7 —132.89
Cu,0+MgCl,*6H,0—HCI
4 0.0400 0.0565 —36898.9 —132.84
5 0.0400 0.0565 —36917.5 —132.90
6 0.0400 0.0565 —36900.7 —132.84
Average value —36917.4 —132.90 £ 0.189
Cu,0+MgCl,-6H,0 =  2CuCl+Mg(OH),+5H,0
+HCI | AH© +HCl | AH°

The same final state

Figure 3. Thermochemical cycle of the reaction sys-
tem of nano cuprous oxide
5 3. AREN TR ZAERNRUFRIFRER
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1596 R 3515 20 nm BRIR 9K AL T4 R 1 B ZR A2 B A
AHy, =2AH, (CuCl)+AH, (Mg(OH),)+5AH, (CuCl)-AH, (MgCl,-6H,0)- A Hy, + A H,,
=-129.214 ki/mol— A H_, + A H,
= —129.214 ki/mol —(~132.90+ 0.189) kJ/mol +(~80.97 +0.027) kJ/mol
= (~77.284+0.191) ki/mol.

PR LR LA 4.
FEAVAES PR GRS SRR GF
AH_ = AH (Cu,O,sphere)—AH_ (Cu,O,others)
=ArHr(r:3 _ArH$4
Bt JBE R A2 ks B T B
4 40 mg HAMTE AN K AL LA A1 40 mg BRRGIK AL AR 70530 5 3 mL K 1 mol/L fIHG iR B T
TR REAT OB, PR R A2t b ReE, HURNEAR . RiEERE R SR ST I AE WA 4.
A¢H, (Cu,0,cube)

=A¢H,, (Cu,O,sphere)—A H_+AH_,

= (~77.284+0.191) kJ/mol — (- 65.59+0.014) kd/mol +(~124.39+0.028) kJ/mol

=-136.084 +0.194 kJ/mol.

Table 3. The solution enthalpy of products
7 3. ERIRRRIA RIS ERIE

Reaction system NO. M., (9) Myyom, (9) Q,(mJ) ArH?, (k/mol)
1 0.0553 0.0162 —22330.4 -80.39
2 0.0553 0.0162 —22388.2 —80.60
2CuCl + Mg(OH), 0.0553 0.0162 -22590.8 -81.33
—HCI 4 0.0553 0.0162 224333 -80.76
5 0.0553 0.0162 —22667.3 -81.60
6 0.0553 0.0162 -22539.8 -81.14
Average value —22491.63 —80.97 £ 0.027
Cu,0O(others) = Cu,O(sphere)
+HCI | ArH;, +HCI | ArH,

The same final state

Figure 4. Thermochemical cycle of nano cuprous
oxide of reaction system
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A¢H,, (Cu,0, hexagonal prism)
=AH,, (Cu,O,sphere)—A H_+AH_,
= (~77.284+0.191) kJ/mol — (- 64.56+0.062) kd/mol +(~124.39+0.028) ki/mol
=-137.114+0.203 kJ/mol.

A¢H, (Cu,0, hexagon)
=A¢H_ (Cu,O,sphere)—A H_ . +AH_,
= (~77.284+0.191) kJ/mol —(~39.56+0.105) kJ/mol +(~124.39+0.028) kJ/mol
=-162.114+0.220 kJ/mol.

K UL BRI BUB SO, DI N IR A BE R AR Bk i, 2 1<) 5 ARSI S hn it B /R A4
KR 1 P& o

5. GRS

N5 04 22 T A T 99 2K S AN T 1 A v TR O A RO R B T SCRR [25] 45 H B b JBE 2R AR BURS
(—168.6 ki/mol) A& Ko H 7St . 3277 BRI AR EE JR A2 e (—136.084 + 0.194) kd/mol, (—137.114 + 0.203)
kd/mol AHITIX A& R A H LSRR B AL I G548 o 7N AT bR 1 B JR AR LS i /)N (-162.114 + 0.220) kd/mol 53¢

Table 4. The standard molar enthalpy of formation of nano cuprous oxide with 20 nm and the ones of other

72 4. 20 nm BRI E LI IR S5 E TR SRR E I SR HYS MRS NS BHE

. Sphere Cube Hexagonal prism Hexagon
Reaction o
system " Q@)  AHS(KImo)  Q(md) AH,, Q(mJ) At Q(mJ) AR,
o (kJ/mol) (kJ/mol) (kJ/mol)
1 —34563.89 —124.43 —18213.89 —65.57 —17994.44 —64.78 -10975 —39.51
2 —34575.00 —124.47 —18233.33 —65.64 —-17916.67 —64.50 —11080.56 —39.89
Cu,0—HCl 3 —34533.33 —124.32 —-18211.11 —65.56 —17947.22 —64.61 —10944.44 —39.40
4 —34547.22 —124.37 —18222.22 —65.60 —17902.78 —64.45 —11033.33 —39.72
5 —34555.56 —124.40 —18219.44 —65.59 —17905.56 —64.46 —10922.22 —39.32
Average
value —34,555 -124.39+0.028 -18,220 -65.59+0.014 -17933.33 —64.56 £0.062 -10991.11 -39.5+0.105

Pt

-180 -160 -140 -120 -100 -80 -60

Figure 5. Different morphology and standard molar enthalpy of formation
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