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M (NTO), 1 M(NTO), * mH,0 &
HALF IR FER

Hxd ETE

(BRERLFEH I E L 710061)

BE FXHEAEMET A Calver HITHMIT2E 298. 15K FTRE T 20 F MINTO), -,
mH,OM=& & NTO=3-7§#-1,2.4-=0-5-F; M=Li, n=1,m=2; M=Na,K, n=".: >
1,m=1; M=Mg,Mn,Co,Ni. si=2,m=8y M=Ca, n=2,m=4; M=Ba, n=2.m=.3¢
M=Y.Yb, n=3.m=6; M=La.Ce,Pr.Sm,Eu,Gd, n=3,m=7; M=Nd, n=3,m=28;
M=Tb,Dy, n=3,m=5)TE K F IR BEM KNTO « HO(cr) 5 CuSO, (aq? . Pb(NO;),
(aq)F1 Zn(NO: Ca) BY YL B IEAE . 1 FA 0 70 9 T8 R AR PO VLR IR S 96 2038 13T T 3 20
& M(NTO), + mH.O #1 3 #iRIE R K= [Cu(NTO), « 2H,0,Pb(NTO),  H.O 1 Zn
(NTO), » HyOJEIRRE £ 48 . F Kapustinskii 28 T 20 #F M(NTO).(M=Li.Na,
K, n=1; M=Mg,Ca,Mn,Co,Cu,+Zn, n=2; M=Y,La,Ce,Pr,Nd,5m,Eu,Gd.Th,Dy,
Yh, n=3MRRE. ETHETENHEER. LRRU. NETKEFFR@ORBT
EROHOENTONAEREN REEQUDAMRBRQGHDZHENTREXR. aUL
= —2840—14.55Z, R = —0. 9941, AUL == — 4664+ 950. 6r, R’ =0.9983; AHL=—2837
—14.77Z, R'=—0.9955; AH{ = —4689-964. 8, R'=0.9998, Y(NTO), tfj # # B {K
3781k] + mol~'&bZE GA(NTO), & 3773k] + mol~'$1 Tb(NTO), # 3788k] + mol~' 2 &,
HEY BEERBLCRA. HLETFEBHELE, —AUIIMNTO), HRKH K KB
R S AR R SR T LB R X — R, B MINTO), 1 R B LR
B TR R R 5 8 KNTO,NaNTO F1 NHNTO %4 & B89 NTO % fi—
NETHFREERR B2 T ER 20 B MNTO). #RREA R SREH ER L TR
LB Eufl Yo BE+3MAFRBAESTMMEEERI KATKY ZMr 5NTON
RERI AL RS AOHOFMTRERXRR, &L= —1873+17.57Z, R'=0.9865;

. AHL=266.5—1083r, R’ =—0. 9920, 1 M(NTO). + mH,O(cr), M™ ()1 NTO™ (g)#y
SR RS, B E) 20 # M(NTO). - mH,OMM=Li, n=1,m=2; M=Na,K, n=1,m=
1; M=Mg ,Mn.Co, n=2,m=8; M=Ca, n=2,m=4; M=Cu, n=2,m=2;M=Zn, n ‘
=2,m=1; M=Y,Yb, n=3,m=6; M=La,Ce,Pr,Sm,Eu,Gd, n=3,m=7; M=Nd, n
=3,m=8; M=Tb,Dy, n=3,m=5)E B R, ATHBENH /KR, dX20HM
(NTO). - mH,O B RALFH BEBENMFERAL,

S X NTO#H HmEls RRKAR HAEERSE SHM BRSO REBRAK
&%

’
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3-FH3E-1,2,4- = mk-5-F (NTO) Ay £h 8RR e 1 K 25 . 43 T (1] % 255 0 2 50 9 447
Z— EfIM &R AN ARE HFERENIIKEL THEEMHRBRAZ—, ATH
B NTO th 87 XEA P  RE AL TEEELILERAFRT ERBRZEMNTO
BEHLAEH AR NTO FE4r FRIEL FM A" “NTO IES R Hl " X
“NTO RN F SHRE DBV EMEFERNAE"HHRITIE. HEXN
NTO £ /& $h7E et = FI A & RERR PR (AL 9 BN BT 52, FE B A0 B2 A _E XX 26 3R i
EMPAEBENTE, BB 08U, A THEXHER, RITERT “MNNTO). i
M(NTO), » mH,0 B EMP A ERR "X —HRIRE.

NTO R E R EMB A EFTEHRETRLE, BRIMKRME. REF Finch
2 N[ 5 NaNTO,KNTO #1 NH,NTO #9473 % A4 U 1 S A5 e — B R AR E X
E7E NTO £&/@ihfy bt AR A ER R KR, UEN NTO £ R EH
HEF| T H R AR F AR A E R

2 NTO £Bth/k &4 M(NTO), - mH,0 TEK A HBHRIE K KNTO - H,0
(cr)'—‘fy CUSO4(aq)\Pb(NOs)z(aq)$ﬂ Zn(Noa)z(aq)B"Jiﬁ.iﬁ?ﬁﬁ*ﬁiﬂ“i .

SV M(NTO), « mH,0 LB FKPHERIE K KNTO - H,O(cr) &5 CuSO,
(aq) \Pb(NO,),(aq) fl Zn(NO;),(aq) ¥y M 4& il B $h 3L B IR BRI
2.1 i

I BB NTO 4B thK &4 M(NTO), » mH,0(M=Li, n=1, m=2; M=Na,
K, n=1,m=1; M=Mg, Mn, Co, Ni, n=2, m=8;M=Ca, n=2, m=4; M=Ba, n=
2, m=3;M=Y, Yb, n=3, m=6; M=La, Ce, Pr, Sm,Eu, Gd, n=3, m=7; M=
Nd, n=3, m=8; M=Tb, Dy, n=3,m="5) ¥ X3 Gy 1kl & S Lhdk . WHR
R R M(NTO), « mH,0 ML RN £ B Pb(NTO), « H,O.Cu(NTO), - 2H;O
Zn(NTO), « H;O W& M 2T 4 . L S 447 . IR .MS.NMR . TG-DTG X X 4§t &1kt
ZHERFED, EIIHAESLEMTHE, KT 99.6% . TRATH AR 160 B,
BTHEHSTFRSTEH. TRHRAERTKHEE MILLIQ REH &, HEFHH
5.48X107%S + cm ™!,

B E PR KNTO « H;O (er)5E£ R, BL#l T 0.02502M Pb (NO;),,
0. 05607M CuSO, 1 0. 05204M Zn(NO,), B . FHEW T HH Zn(NO,), - 6H,0
(AR,>99%),CuSO, * 5H,O(AR,>99%), 1 Pb(NO,),(GR,>99.9%), ¥ H1 &L
AR TR A
2.2 {UEERERFE

B B E SETARAM 2\ & # BT215 & Calvet f{ &R T E#H4T . LB HFHE
3. MR ER 1000pV; HBIERE 298. 151 0. 005K; g R B R 5~50mV, ik R
KN E 3 FE4EES 2. 5Smm + min~'; B SHBSTEIR ] 100s; 298. 15K iU A% 45 Bk



%3t  HEHS. M(NTO), i M(NTO). « mH:0 # $it 2 Ffts 2 42 R 11

HHBEERN TRWE, ELMEW 18.451X107*] « Numb™*, R AR KB4 T A M
ALY 15ml B RGRIREE N, T4 3h 5, A HRITRFAEE TS50 0 &% 5Ta iR
W, EERSHEFBE. BT HHBRRKQTRE, WE T 7E 208 15K 14 & %
99 999/6’1 KCl aaitE%%-?ﬂ(ﬁFB‘J%ﬁ*% %ﬁl?ﬁl g,

®1 %298 15K F KCl(cr)tﬁﬂ?-Jk* [gF: 35~
Table 1 Enthalpy of solution in deionized water of KCl(cr) at 298. 15K

m/(mg) r BinHR/ (k] » mol™')
12.110 3075 , 17. 238
18. 280 2037 » 17. 257
19. 452 . 1914 17.110
29. 383 1267 . 17.316
34.612 " 1078 ’ 17. 243

44. 620 834 ) 17.179
- R 17.21740. 0537

E: D miE;r KCler)# R By AwHe FR BRI RS
¥ RIRBIR I n(HQ)/n(KCD .
2) BEREE: RREEBREK 9% TIHHE, FHE.

SEHIME 17. 217 £0. 53k] « mol ' SAHF £ T # SCER$R3E 4 17. 234k] « mol M4
SR, T HEAEE 0. 1% UM ERARNMRANBRRLRTRY.
2.3 ZRER

fE 298. 15K F M(NTO), * mH,O(M=Li, n—l,m-—Z; M=Na,K, n=1,m=1; M
=Mg,Mn,Co,Ni n=2,m=8; M=Ca, n=2,m=4; M=Ba, n=2,m=3;M=Y,Yb, n
—3,m=6; M=La,Ce,Pr,Sm,Eu,Gd, n=3.m=7; M=Nd, n=3,m=8; M=Tb,Dy,
n=3,m=5)EHXEFKYEERSE QLHIEFER 2~21 #,

%2 7298 15K F LINTO « 2H,0(cr)ZE R B F K h 18 #84%
Table 2 Enthalpy of solution in deionized water of LINTO - 2H,0(cr) at 298. 15K

m/ (mg) v AwHL/ (] + mol ™)
2.534 26969 - 22,00 -
2.640 25936 22. 00
4.791 16407 22. 09
6.596 10560 S 22.17
6..892 9808 © 22,31
7.315 9225 22.16
8. 740 . 7626 ’ S 22,02

10. 000 6696 22.12

10. 041 ’ 6749 . © 22,20

10. 030 6684 ' 22.30

11.022 6207 ‘ 22.26

13.034 6135 22.14

10. 970 6142 22. 20

11. 965 - 5686 22.25

*11.954 " 5674 ; 22. 68

11.952 5697 22,02
' - PHE  22.1640.08
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KNTO * H,OCer)5 Pb(NO;).(aq), CuSO,(aq) i Zn(NO;), (aq)BI ULIE R M 1%

(AHEYRF 22~24,

. ¥ 3 7£298.15K T NaNTO « H;O(er)EEHF R POBIFE
Table 3 Enthalpy of solution in deionized water of NaNTO « H,O(cr) at 298. 15K

m/(mg) r g AaHE/ (k) » mol™")
7.180. 11833 30. 29
" 8.130 10450 30. 41
12. 065 7042 30. 65
+13.534 6273 30. 28
13.738 6184 30. 08
16. 025 5301 30. 62
20, 230° 4241 30. 38

SFH{E  30.39+0.28

% 4. % 298. 15K T KNTO - H,O(er)ZE £ B F Ak t9i5 4852
Table 4 Enthalpy of solution in deionized water of KNTO - H,O(cr) at 298. 15K
N "

A HL/ (k] « mol™")

m/(mg) r
7.284 13310 45. 06
8.932 10800 43. 61
9.147 10604 44,23
11.311 8539 44. 68
S5b o0 t-12.403 7950 44.52
15. 376 6292 45.32
-16. 601 5819 44,01
17. 284 5589 44. 01
20.176 4789 44.28
22. 301 4340 43.78
25. 505 3772 43. 08
27.163 3554 43.94
29.778 3243 45. 24

EHE 44.4140.48

% 5 -7 298. 15K F Mg(NTO), * 8H,0(cr) T X B F A& b b S RZIS

Table § Enthalpy of solution in deionized water of Mg(NTO), - 8H,0(cr) at 298. 15K

m/(mg) r AwHL/ (k] - mol™")
1. 680 126843 60. 43
1.930 110413 60. 31
2. 400 88791 60. 01
3.230 66974 . 60.66
3. 450 61756 - 60.91
3.810 55494 60. 61
4.375 48708 60. 35
5.510 38675 60. 71
6.140° 34706 60. 38

R 60.4940. 30
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%6 %298 15K T Ca(NTO), + 4H,0(er) TR F A OISR
Table 2 Enthalpy of solation in delonized water of Ca(NTO), + 4H,0(cr) at 298. 15K

m/{mg) r A HL/ (k] + mol™")
6. 081 28548 31.24 ’
9. 442 19371 30. 90

10. 606 16359 30. 84

16. 935 . 10237 30. 89

19.112 9075 30. 33

21.536 8057 30. 56

23.538 7361 31.07

27. 060 6413 31.02

30. 359 5713 30.43

35. 360 4908 30. 68

39.371 4406 30.73

45. 352 3826 30. 49

51.107 3394 30. 70

55. 288 3135 30. 90

66.290_ 2616 30.30

P 30

74+0. 21

®7 298 15K F Ba(NTO), - 3H,0(c) T A M F Ao By 5 AR4S _
Table 7 Enthalpy of solution in deionized water of Ba(NTOQ), + 3H,0(cr) at 298. 15K

m/ (mg) r B HL/ (k] » mol™")
5. 300 79638 43. 65
6. 594 66942 ° 43.53
6.,433 - 65137 43.21
9.312 47443 43.20
10. 242 430337 43.01
12.176 36335 43. 39
15.152 29026 42.91
. 15,388 28681 43.01
15. 450 31764 44.00

B 3240. 39

# 8 7 298. 15K F Mn(NTO); * SH,O(cr)EEEF K P EIERES
Table 8 Enthalpy of solution in deionized water of Mn(NTOQ), + 8H,0(cr) at 298. 15K

Al

43.

m/(mg) 7! A HE/ (k] = mol™)
9. 360 24401 64. 26
10.570 21608 64.04°
10. 900 20954 64. 08
11.280 20248 63. 49
- 11. 950 19113 63. 39
12.770 17886 63. 14
13.400 17045 63. 35

13. 800 16550 , 63. 62 _

E#{H 63.68+0. 48
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£y & 298. 15K T Co(NTO); + $H,O(cr) T H IR F A b YIS

Table 9 Enthalpy of solution in dejonized water of Co(NTO), - 8H,O(cr) at 298. 15K

m/(mg) r AuHL/ (k] + mol™")
4.835 - 47651 61. 42
 5.570 " 41363 61. 09
5. 780 39860 61. 39
6. 990 32960 61.35
8.180 28165 61. 48
9. 380 24562 61.11
9.428 24437 61. 60
12. 000 19199 ) 61. 91
12. 660 18190 61. 72

FHE  61.3410.26

F 10 7£298. 15K F Ni(NTO), - 8H,0 (cr) T LB F Ak P i)iu AT

Table 8 Enthalpy of solution In defonized water of Ni(NTO), + 8H,O(cr) at 298. 15K

m/(mg) r AwHL/ (k] « mol™")
- 3.870 59502 56. 04

3. 900 59044 56. 30

4.100 56164 56. 01

4. 340 53058 56. 24

4. 860 47381 56. 70

5. 240 43945 56. 35

5. 700 40399 56. 74

7.093 32465 56. 71

FHE - 56.3940. 32

11 #298. 15K F YINTO), - 6H,O(er)EEHF KD PSR

Table 11 Enthalpy of solution in deionized water of Y(NTO), + 8H,;O(cr) at 298. 15K

“m/(mg) r A HEL/ (k] » mol™')
12. 460 23423 33.56
15. 947 18301 34.13
22. 830 12783 33.81
24.238 12041 34.38
29. 520 19886 34.03
31.990 9120 34.00
32, 340 9024 33.46
"41.470 7038 33.74

FH{E  33.89+0.38
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12 7298 15K T La(NTO), - TH,0(er) A B F K P IS
Table 12 Enthalpy of solution in defonized water of La(NTO), + 7H,O(cr) at 298. 15K '

m/(mg) o D HE/ (k] » mol™")
5.180 62900 41. 35
5. 940 54852 40, 92
6. 620 49218 40.72
7.550 43135 40. 96
7.697 42331 40. 96
9,161 35566 - 40.72
9.418 34596 41. 02
10.018 32534 ‘ 41.40

FH{E  41.0140.25

F 13 75 298. 15K F Ce(NTO), * TH,O () E LB F AP HIEHR
Table 13 Enthalpy of solution in deionized witer of Ce(NTO), * 7H;O(cr) at 298. 15K

m/{mg) r AaHe/ (k] « mol™")
4.780 68291 40. 60 '

6. 390 51085 41.13
7.285 44809 41.04
8. 600 37957 40. 80
9. 470 34470 41.12
10. 056 32461 40. 63
10. 950 29811 41.07
15. 220 25386 40.72
18.510 17635 41.22

FHE  40.934+0.24

‘2 14 7E 298. 15K F Pr(NTO); + TH,O(er) EEBF AP ISR
Table 14 Enthalpy of solution in deiopized water of Pr(NTO), « 7H;0O(cr) at 298. 15K

m/ (mg) r AnHL/ (k] » mol™")
11. 247 29059 ‘ 36.81
12.375 26410 37.85
14. 300 22855 37. 06
18.270 17888 37.13
19. 760 16540 37.32
23. 040 14181 37. 00
24. 760 13200 37.34
28. 875 11319 36. 88
30. 430 10740 37.52
36.760 8891 37.76

: 37.27+0.36

Fi9{E
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' & 15 7F 298.15K F Nd(ﬁTO); . sa;o&ﬁ&-i;—ﬁ%*#ﬂi@ﬂ?fé

-.T'nble 15 -Eanthalpy of solution in deionized water of NA(NTO); * 8H,O0{cr) at 298. 15K

'm/{mg) r BanHE/ (K] » mol™")
7.220 45744 38. 67
11. 891 28382 39. 62
14.590 23132 39. 73
15.002 22499 39.14
16. 180 20858 39. 03
16. 376 120609 39. 37
17. 830 18928 38.73
19. 000 17763 38.71
20. 250 16666 39. 15
20. 630 16359 39. 70

F¥{E  39.15+0.41

%16 7298 15K F Sm(NTO); - TH,O () EEBF K PG

Table 16 Enthalpy of solution in delonized water of Sm (NTO); = 7TH,O(cr) at 298. 15K

m/{mg) r A Hz/ (k) » mol™)
12.560 26397 49. 20
12. 850 25801 49.74
14. 440 22960 49. 42
© 15.590 21267 49. 64
15. 640 21199. 49. 64
16. 060 20644 49.94
24,620 13467 49. 69
27. 500 12056 49. 83
33.790 " 9812 - 49. 60

T 49.634024

17 7298 15K F Eu(NTO), - TH,O(er) EE B F K b 1St .

Table 17 Enthalpy of solution in defonized water of Eu(NTO), * 7TH,O(cr) at 298. 15K

m/(mg) e A HE/ (k] « mol™?)
14. 208 23391 48. 38
15. 350 21651 47. 34
15. QOQ 20902 48. 25
17.180 19345 48.08
17. 319 19190 47.98
17. 504 18987 48.18
18. 370 18092 48. 44
18.470 17994 47. 60
18.800 17678 .79 .
FH{E  48.09+0.29
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+18 7 298. 15K F GA(NTO), * TH,O(er) EEEF KPS HR
Table 18 Enthalpy of solution in deionized water of Gd(NTQ), * 7H,0(cr) at 298. 15K

m/(mg) ro AwHL/ (k] » mol™")
2.560 135832 50. 20
5. 841 59507 50. 21
6. 522 53316 | 50.11
6.738 51631 49. 94
8. 259 42280 50. 33
‘8. 700 39997 50.19
9.434 46843 '50. 29
13.229 27557 50.12
14. 440 24123 50. 03

FEHE  50.19+0.13

F 19 7 298. 15K T Tb(NTO), * SH,O(cr)FE L BT F 7k b 1SR
Table 19 Enthalpy of solution in-deionized water of To(NTO); - SH,0(cr) at 298. 15K

m/{mg) v A HL/ (k] + mol™)
9.150 34736 42.17
10. 370 30649 41.94
12.250 25945 42.35
12. 763 24903 42.12
12.820 24792 41. 94
13. 340 23825 ~A42.10°
15. 200 - 20910 42.09
15.876 20020 42.29
24.165 13152 ~ 42,20
FHE  42.14%0.17

20 7 298.15K F Dy(NTO), « SH.O(e)BEHBF A PrisEte
" Table 20  Enthalpy of solution in deionized water of Dy(NTO), + SH,O(cr) at 298. 15K

m/(mg) ra AiHL/ (k] ~ mol™)
9.180 34186 41.63
11. 580 27600 41. 24
13. 200 24213 41. 21
13. 645 23423 41. 31
14.570 21956 41.71
14. 830 21552 41. 56
19. 600 16307 41. 59
22.692 14085 41. 31
25. 070 12748 41. 62

K 41.46£0.22
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® 21 £ 298. 15K F YB(NTO), * 6H,0(cO)EERHF R PHIEMHS
Table 21 Enthalpy of solution in deionized water of Yb(NTO); ¢ 6H O (cr) at 298. 15K

m/{mg) v A HL/ (k) » mol™)
7. 355 45395 ' . 36.21
8. 900 37514 36.58
13.130 25429 . 36. 20

17. 310 19288 36.19

17. 390 19199 ’ © 36.59

17. 850 18705 36. 48
23.580 v 14159 - 36. 08

23. 640 " 14123 36.15

§ i 36.3140.25

22 7% 298. 15K F KNTO H,0(cr) 55 0. 02502M Ph(NO, ), (a@) BT R A2 1S
Table 22 Enthalpy of precipitation of KNTO + H,O(cr) with 0. 02502M Pb(NO,).(aq) at 298. 15K

m/(mg) AHL/ (k) » mol™")
4.381 83. 45
5.482 82.37
7. 064 83. 36
8. 248 : 81. 86
9. 567 ; 82. 61
11.500 81. 81
12. 740 82.34
12. 974 - 82. 45

17. 179 ) 81. 61
] FHE  82.4340.72

% 23 7r 298 15K F KNTO « H;0(cr) 5 0. 05607M CuSO, (a8 K £118
Table 23 Enthalpy of precipitation of KNTO « H,O(cr) with 0. 05607M CuSO,(aq) at 298. 15K

m/{mg) g AHL/ (k] + mol™)
12. 150 72. 38
13. 949 72.20
20. 711 _ 72.18
22. 322 72.02
22.756 ' © o 72.33
22. 050 72. 14

T \72.20%0.21
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% 24 % 298. 15K F KNTO * H,0(cr) 5 0.05204M Zn(NO,),(aq) 8IS/ F38
Table 24 Enthalpy of precipitation of KNTO - H,O(cr) with ¢. 05204M Zn(NQ,);{aq) at 298. 15K

m/(mg) AHY/ (k] + mol™")
13. 410 - 88. 35
15. 142 o 88. 73
16. 100 : 88. 47
17. 494 o 87.76

- 18. 258 g 88. 05
19. 046 88. 13
23.345 S 87.58
24.034 . 87.87
26. 260 89. 11

. ' T 88.3040.53

3 M(NTO), « mH,0 B R4 RIS

F2~21 PHIARFTH ERINMERRE T 0H, EREILF X,
BT NTO B HERAIBAYE (pK.=3. 76)° M F B Ay LA B REEH T K F
Rt 8 (DT - |
M(NTO), mHZO'(cr) A“—'H;*M"* (aq.oo)gl— aNTO" (aq,o0) + mH,0(D) (1.) ;
ARSI R IS WP R WP B (R R B A 8 5K ifE— R E B3R M(NTO). + mH,0
MERESRDTL2EEN. '
IR WOMERY B TFEAT® AR RS, Bl 2~21 P
B Hu FHE TS TR GRS A SRS .
¥k 2~21 By AHo TH{H, 0HL(NTO ™ ,aq,00) = — (94.34 2. 1)k] *mol ~*1*,
REE 3CHR(6]69 T3 3UE .
ArHZ(H,O, 1)=—285.83kJ » mol '; AHL(Li*, aq, o0)=—278. 48k] » mol*;
AHL(Na*, aq, ©0)=—240. 12k] * mol~'; AHE(K™ . aq, 00)=—252. 38k] » mol™';
AHo (Mg** ,aq,00) = —466. 85k] ~mol™'; AH,(Ca’ ,aq.00)=—542. 83k] -mol~*;
AHE (Ba't yaq,00)=—537. 64k] *mol~!; AHL(Mn®*, aq, o0)=—220. 75k] *mol';
AHE(Co'™t, ag, o) ="—58.16k] * mol '; &HEL(Ni**, aq, o0)=—53. 97k] » mol™!;
AHL (Y, aq. o0)=—723. 41k] - mol '; AHL(La**, aq. o0)=—707. 10k] « mol™!;
AHL(Ce*t .y aq. 'o0)=—696. 22k] » mol "'; AHL(Pr**, ag. o0)=—704. 59k] < mol ™ ';
AHL (N*Y ,aq.00)=—696. 22k] *mol ': AHL(Sm’*.aq,00)=—691. 62k] =mol *;
AHL (B, ag, o0)=—605. 0k] » mol '; AHL(Gd* , aq, o0)=—686. 18k] » mol™!;
AHEL(Tb* ,aq,00) =—682. 83k] *mol ™ '; AHL(Dy*", ag, o) =—698. 73k] *mol *;
AMHE (YD, aq, o0)=—674. 46k] » mol ;LA R (2).;
AHLIM(NTO), « mH,0,cr.298. 15K] = AHL(M™*, aq, oo)



20 ' & B B M- H3k

+ nAH(NTO™, aq, o) + mAHLH,0, 1) — A HE (2)
B AHL[LINTO « 2H,0,cr]=—(966. 6+2. 2)k] » mol™';
AIH;[NGNTO » H,0,ci )= —(650. 6 2. 4)k] » mol™;
AHL[KNTO « H,O,cr]=—(676. 9+ 2. 6)kJ » mol~*;
AHL[Mg(NTO), « 8H,0,cr]=—(3002. 6 4. 5)k] * mol™*;
MHL[Ca(NTO), * 4H;0,cr]=—(1905. 5:£4. k] » mol™*;
AHL[Ba(NTO), » 3H,0,cr]=— (1627. 04 2. 5)kJ » mol~';
AHL[Mn(NTO), » 8H,0,crJ]=—(2759. 7+4. 7)k] - mol™*;
MHL[Co(NTO), » 8H;0,cr]=— (2594. 7 4. 5)kJ » mol™*;
AHE[NiI(NTO), » 8H,0,cr]=—(2585. 6+ 4. 5k] * mol™;
AHE[Y(NTO); » 6H,0,er]=—(2755. 2+ 6. 7)k] » mol™?;
AHA[La(NTO); » 7H,0,cr]=— (3031. 846. 6)kJ « mol '
AHA[Ce(NTO); » TH,0 ,cr]= — (3020. 6+ 6. 5)k]J + mol~*;
AHA[Pr(NTO), » 7H,0er]= — (3025. 6+6. 7)k] » mol™*;
AHA[NA(NTO), » 8H,0,cr]= — (3304. 9 6. 7)k] » mol~*;
AHL[Sm(NTO), » 7H,0,cr}=— (3025. 06. 5)k] » mol *;
A&HL[EW(NTO); » 7H,0,cr]=—(2936. 8% 6. 6)k] *» mol™*;
AHL[GA(NTO), » 7H,0,cr]= — (3020. 1£6. 4)kJ * mol *;
AH[Tb(NTO), « SH,O»cr]=—(2437. 046. 5)k] * mol~;
AHL[Dy(NTO), » 5SH,Oscr]=—(2452. 2+6.5)k] » mol';
AHAL[YB(NTO), » 6H,0,cr]=—(2708. 646. 6)k] * mol ™',
1R KNTO « H,O(cr) 5 Pb(NO;), (aq) .CuSO,(aq) l Zn(NO,) s aq) i Vi iE K K
(3)~(5);
Pb(NO,),(aq) + 2KNTO « H,0 (cr)
: A HY,

' Ph(NTO), - H,O { + 2KNO,(aq) + H,O) 3
CuSO,(aq) + 2KNTO « H,O(cr) :

AHE CW(NTO), » 2H,0 § + K,SO, (aq) | LW
Zn(NO,),(aq) + 2KNTO - H,O(cr)
AHE 70 (NTO), « HO 4 + 2KNO,(aq) + H,0() (5)
A (6)~(8)
C AHL[PB(NTO), « H,O.cr] = AH%, + AHL[Pb(NO,),,aq]
+ 20,H.[KNTO - H,0,cr] — 28,H4[KNO,,aq] — AH.[H,0,1] %)
AHA[Cu(NTO), + 2H,0,cr] = AHY, + AH,[CuSO,,aq]
4+ 2AH°[KNTO - H,0,cr] — 8H[K,SO,,aq] M

AHL[Zn(NTO), « H,O,cr] = A HY + 28,H[KNTO « H,O,er]”
-+ A(H::[Zn(Noa)z ,_aqj - ZA;H:[KNO;, 93(1] - AIH;[HZOJJ (¢:))
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¥ 22~24 PRIET AH, - A8 AR LR WEH AHLKNTO » H,0,cr)=—676. 9
+2.6)k] » mol™*; 5| H XHRL6]H) AHEL(KNO;, aq, o0)=—459. 74k] + mol~*,
AHAL(H,O, 1) =—285. 83 kJ * mol™!, A4 (CuSO,,aq,00) = —844. 50 k] * mol~*,
AHY (K,S0, ,aq,00) =—1414. 0kJ +mol ™Y, AH? (Zn(NO,), aq,00) =—568. 60k] *mol~*,
A i R (D)

sinH? ‘
Pb(NQO,),(cr) SelnH Pb(NOQO,),(aq,o0) 4 9)

BEH AHL[Pb(NO,),,aq,00}= —181. 3kJ » mol 't F AHL[Pb(NO;),, cr]= ~
219. 0kJ « mol7*, B H SCHR[ 75 Aue HS =37. 7k] « mol ™, BX B CHR[8D) s R A T RR(6) ~
(8),%: ' ) :

AHE[PL(NTO),, « H,O,cr]=—(247. 445. 9kJ * mol ™!}

AHL[Cu(NTO),, » H,O,er]=—(712. 1£5. 4)k] « mol™*;

NHE[Zn(NTO),, » HO,cr]J=—(628. 845. 7)k] * mol~?,

4 NTO £BE MINTO), 11 SR EE. SBISFOIREE RIS

4.1 M(NTO), ) &4 #E,AUL[M(NTO),,cr]
AUL[MNTO), ser i ¥ Kapustinskii 2315 .

. _ M 2om( 0.345 B
AUy = 1201. 6 s (1 r1+r2]k] mol (10)

Ad: nm AHIAERTHEHOENE: o FAHHERETFEER, AT

NTO REFH BN 2. 54 % RAT Dn HEESFHERDFRE M. HHER
R#FE25, I NTOWELBEMARESIMBELENEFRFEGD ., €BREFER
OEELBEIMEL I, LT, © M Z B8N NTO @R &R A&
BEiEE., XEWERRTEN ZEM . BEASCENTFEREERX. NTOREZRE
HEREEEWMATEN Z HAFEREX R AULIM(NTO). ,er ]=—2840—14. 55Z, 4§
¥ EYM R =—0.9941, HiE r 9N, —AULIM(NTO);, cr R K. F & X R K
AUL[M(NTO), scr]= — 4664+ 950. 67, R =0. 9983, Bt i} fa S R 5 M RL S R M & IR B
FEBRR XM, © YNTO), # 8 #hE 3781k] » mol ' 47 Gd(NTO), #3
37731kJ « mol~'# Tb(NTO); 7 37881k] » mol™'Z (@ ,45iF Y ML AR LT EA.
4.2 M(NTO), 1 &#38,AHI[M(NTO),,er] '

REGEEESEENXER: .

_ AH! = AU? + AnRT ¢4))
AP an HRBERNELXAEFHAELE.

B AH [M(NTO). ,or . MK 25. I NTO AR & RN SER MM ETRG
ZWER - HEE.BERIMEKIAN, ERFHAELTHOT AR
AHIITM(NTO);,er]=—2837—14. 77Z , R’ = — 0. 9955; AHI[M(NTO);,cr]= —4689
+964. 8r,R' =0. 9998, '
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‘25 NTO £ B [(M(NTO)..cr)fh) S8 HE . RISIRFORA £ KSR
Table 25 Lattice energy, lattice enthalpy and standard enthalpy of formation for [M(NTO), .cr]

MHLM™ ,g) | (M, —aut —aH! —aHLM(NTO). ver)
‘M(NTO), . _

- (k) *» mol™") (A (kjemol™ kj mol™") (k] *mol™")
LiNTO 679. 57 0. 60 689. 0 694. 0 388.7
NaNTO 608, 98 0.95 626.9 631.9 397.2

_KNTO 514. 30, 1. 33 571.0 575. 9 435.9
Mg(NTO), 2348.5 0. 65 2038 2046 " 446.1
Ca(NTO), 1925.9 0.99 1862 1869 691.7
Mn(NTO), 2519. 2 0. 80 1956 1964 193.6
Co(NTO), 2841.6 0.74 1988 1996 ‘' 97.0
Cu(NTO): 3054. 0 0.72 1999 2007 —298. 4
Zn(NTO), 2782. 7. 0.74 1988 . 1996 —38.1 ,

Y (NTO), 4215. 4 0.93 3781 3791 698. 5
La(NTO), 3904.5(57)" 1. 061 3657 3667 o 885. 4
Ce(NTO), 3963. 9(58) 1.034 3682 3692 851.0
Pr(NTO); 4002. 0(59) 1.013 3702 . 3711 831.9
Nd(NTO), 4041. 3(60) 0.995 3719 3728 809. 6
Sm(NTO), 4095. 3(62) - 0. 964 3748 3758 ' 785. 6
Eu(NTO), 4230. 9(63) 0. 950 3762 3772 664.0
Gd(NTO), 4165, 6(64) 0. 938 . 3773 . 3783 740. 3
Th(NTO), 4197.0(65) 0.923 ‘3788 3798 723.9
Dy{(NTO); 4026. 6(66) 0. 908 3803 3813 729.3
Yb(NTO), 4318. 9(70) 0.858 - 3853 3863 604. 0

. D BSHEEARNATRETRFEL

4.3 NTOSBSH—NEFOIREERE.AHLNTO .g)
% AHLINTO, cr 12 298. 15K BF NS AR F M ()l NTO™ (@) L 4:
MNTO I B PHIEE : '
AH{[MNTO cr]

M* (g) + NTO"~ (g) ——————= MNTO (er)
(M*= NH; ,K*,Na*) 12)
H AHL(NTO ,g) = AHL(MNTO, cr) — AHL(M* ,g) — AHL(MNTO, er) f1 3% £ &
(. o . -
AHL(NTO ,g) = AHL(MNTO,cr) — AHLM* ,g) — AUL(MNTO,cr) — &nRT
" AHL(NH,NTO,cr)=—269.9k] ~mol 1AK% (KNTO,cr) =—385.1k] . mol1%;
AHY(NaNTO,cr) = —362. 6kJ * mol '7; AHS(NH{ .g)=619k] * mol™™);
AHS (K™ ,g)=514. 30k] « mol *'*; AH%(Na*,g)=608. 98k] » mol~'*;
AHL(NH,NTO ,er)=—512k] » mol—1[?]; AUf_(KN.TO.cr)=—550kJ « mol ™14,
AU (NaNTO,er) = —560k] « mol™ ''*'; An=—2; RT=2.5k] » mol™;
BLEB AHL(NTO .g)=—374.3k] « mol ™',
4.4 NTO & RIL4NRELRIE AHLM(NTO), cr] ' :
B AHI[M(NTO).,crJi2 298. 15K B, WSS S TR R &KL AR
Az,
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A NTO), .o '
M™ (g) + nNTO" (g) — D MNTOY e (D)

g
H![M(NTO),,cr] = A,H” (M, g)
-+ nOHL(NTO ) + AHI[M(NTO),,er] (14)
¥ 318 X618 AHLa (M ,g), zt:jcﬁfﬁaﬁ’] AHL(NTO )l AHLIM(NTO),,
er ERA QORE. 8% 25 Fi AHLIM(NTO),,cr . UMEAELRETEHN AHW[M
(NTO),.cr MEXM MR TTEGMEE Z M - HEE . BE1MEL VOV, HETR. B
Eu # Yb B &40 AR EEF S RUKFK: AHn [M(NTO),,.cr]“—1873+17 57Z,R’
'=0.9865; &HL[M(NTO).,cr]=266.5—1083r,R = —0. 9920, AH.. [Eu(NTO);.cr]
M AHLLYB(NTO)  cr RN E L WAL S Eu M1 Yb 5 MR T 40 WO
Eut* M W/ OB Yo it B, M A B Ev’ " fil Yb** FHE,

5 M(NTO), - mH,0 3 &% . S REFUAR B K12

5.1 M(NTO), - mH,0 §)&#%38, AHI[M(NTO), * mH,0.cr]
1% AHI[M(NTO), + mH,O.cr Jf 298. 15K B NS E WA B F M™ (g) .NTO (g)
MRS F HO@ERAEIRUSIBBE:
M (g) + nNTO~ (g) + mH,0(g)
AH{[M(\!TO) mH,() er]

M(NTO), » mH,0(cr) A
AH? = AHLIM(NTO), « mH;0.cr] — AHL(M™ ,g)
—nAHL(NTO og)—mAHL(H,O,g) (16)

R HEAHLIMNTO), +mH0 cr JEA I HA: AHG(NTO™ ,g) = —374.3k} +mol "',
BEATE 4.3 FHER: AHL(H,0.g)=—241. 82k} - mol 'fl AHL(M™* .g)51HX
BRI6Ts M EAREIBANR A6, M iB % 26 Py AHLIMNTO), « mH,0,cr JH.
5.2 M(NTO) « mH,0 P& IREE. AUL[IM(NTO), « mH,0,cr]

AULIM(NTO), « mH,O.cr MEH KX EZRNDHB . L RIITER 26 9.

AH![M(NTO), » mH,0.cr] = AU{[M(NTO), + mH;0,cr] + &nRT an

5.3 M(NTO). - mH,0 fJtRB KIS . AHI{M(NTO), « mH,0,cr]

BB B R (18) R B (19) i ST ARAERL K4S

NTO), » mH,0,cr i
M(NTO),  mH,O0 (cry —MATO- - mHO T\ 1 (NTOY. (er) + mHOMD)  (18) -

AHSM(NTO), - mH,0 ,cr] = &HL [M(NTO) (cr)]
+ mAHS (H,0,1) — AHL[M(NTO), - mH;0, cr] a9
R, AHL(H,O.1) = —285.83k] » mol ' ; AHLIM(NTO),,cr J#l AHL[M(NTO).
« mH, O er JEHMW A AT HAE.
HHEERRFE 26,
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3800+

3700+

3600+

35001

38004

—AULIMANTOs et )/ () « mol ') ~AHLM(NTO)s er]/(k] » mol~1) —AHALM(NTO)s,er]/Ck] + mol-)

3700+
3600+
La Ce PrNd Sm EuGd Tb Dy Yb
57 58 5960 62 63 64 65 66 70
z

H1 —AUIIM(NTO).,er].~AHI[M(NTO).,cr]

1 —AHLM(NTO). ,cr MES WA R RN R FER ORBFLBOHXRE

Fig.1 A plot of ~AU{[M(NTO).,er], —AH{[M (NTO).,er]

and —AHL[M(NTO),,cr] values vs. the values of Z and r of elements in lanthanide series
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F26 NTORBHASHNIREENRE BB BRI ED K12
Table 26 Standard enthalpy of formation. lattice enthalpy, lattice energy and standard

enthalpy of dehydration for M(NTO), - mH,O

M(NTO). + mH,0 AL AHL avL AHL
(k] » mol™ ") (k] « mol™") (k] » mol™") k] « mol ™)

LiNTO - 2H,0 966. 6 2. 2 788.13 778. 21 6. 21
NaNTO « H,O 650. 6+ 2. 4 643. 36 635. 92 2.17
KNTO * H,0 676.942. 6 574. 98 567. 54 5.97
Mg(NTQO), « 8H,0  3002.6+4.5 2667. 74 2640. 46 269. 86
Ca(NTO), + 4H:0  1905.5+4.4 . 2115.32 2097. 96 70. 48
© Mn(NTO), + 8H,0 2759.7+4.7 © 2595. 54 " 2568.26 279. 66
" Co(NTO),+ 8H:O0  2594.7+4.5 2752. 94 2725. 66 211. 06
Cu(NTO), * 2H,0  712.1+5.4 2533. 66 2521. 26 438. 84
Zn(NTO), - H;O 628.8+5. 7 2420. 88 2410. 96 381. 07
Y(NTO), « 6H,0  2755.2+6.7 4395. 08 " 4370.28 © 340.32
La(NTO), » 7TH,O  3031.8+6.6 4120. 36 4093. 08 145. 59
Ce(NTO), » TH;O  3020.9+6.5 4168. 86 4141.58 169. 09
Pr(NTO), « TH:O  3025.6=+6.7 4211. 66, 4184. 38 192. 89
Nd(NTO); » 8H,0  3304.924+6.7 4288. 44 4258. 68 208. 66
Sm(NTO); - TH:O0  3025.0+6.5 4304. 36 4277.08 . 238.59
Eu(NTO), - TH,0  2936.8%6.6 4352. 06 - 4324.78 271. 99
GA(NTO), - TH:O  3020.1+6. 4 4370. G6 4342.78 278. 99
Tb(NTQ), - 5H,0  2437.0+6.5 4302.00 - 4289. 68 283. 95
Dy(NTQ), - 5SH:O  2452.246.5 4326. 80 4314. 48 293. 75
Yb(NTO), *» 6H,O0  2708.6+6. 6 4516. 38 4491. 58 389. 62

6 & ®

. EEBEERGKWRT NTO B= +ﬁﬂ'ﬁzﬁﬁﬁﬁﬂ\‘“%ﬁ’lﬁ'«k R A EERE
BRATUTEFEXHGER:

(1) BEIT mF2~21 Frnsy 20 58 NTO ﬁﬁﬁ;ﬁ’*%&%ﬁ%mqﬂmr&ﬁ
AN nZ 26 Brm MR E L BUS .

(2) W& T KNTO - H,0(cr) 5 Pb(NOQ,),(aq) .CuSO,(ag) Ml Zn(NO;),(aq) ) ﬁ?}i’;
R, FCAE 4813 82. 4340, 72, 72.20+0. 21 44 88. 30=£0. 53kT + mol ', i MBFIN
IE ¥ Pb(NTO), » H,0,Cu(NTO), « 2H,0 fl Zn(NTO), » H,O B4R ME£L A 5 5K -
—(247-445.9); —(712.1+5. 4)Fl— (628. 815. 7)k] » mol ™',

(3) #4E Kapustinskii AR A E X RRBA T MK 25 FrRaY 20 # NTO &8
# M(NTO),(M=Li, Na, K, n=1; M=Mg, Ca, Mn, Co, Cu, Zn n=2; M=Y, La,
Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Yb, n=3) #JSii&EE. SRS MR REA BUAS .

(4) NTO K& R—H BT (NTO™, ) MIRME B AHLINTO™, gl= — 374. 3
lk] mol ™%,

(5) Y(NTO), &ﬁaumﬁeﬁ 3781 kJ » mol~! 4b%E GA(NTO), #3773 kJ < mol~*
Tb(NTO), # 3788k] - mol * Z 8], B —YILH Y ML HRKH LTRA.

(6) ENTO AL EEF, ABEERTFFHDOREREFEBROFELEX



26 ""‘sﬁauﬁ % 3%

£ AU [M(NTO),. cr]——284o 14. 552*——4664—%—950 6r; aai%ra-‘i7$u gy
X Z., AHI[M(NTO),.cr]=—2837—14.77Z= —46894+964. 8r; IiMEALHIEE Z M »
HIELHEE. A,HE’..[M(NTO)a,cﬂ——1873+17 57Z = 266- 5—1083-(Eu # Yb B
).

4] iﬁﬂ?}%ﬂt%ﬁ%ﬁﬂ‘r ﬁu% 26 FTREY 20 I NTO &RBREK SN BIBEE.RF
AERNETHRAEXEARAEBNER SRR EFBBRMIRERKIEHE.
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THERMOCHEMICAL AND THERMODYNAMICAL
PROPERTIES OF M(NTO), AND M(NTO), « mH,0’

Hu Rongzu Meng Zihui
(Xian Modern Cherﬁistry Research Institute, Xi'an 710061)

ABSTRAC'I: The enthalpies of solution in water of twenty M(NTO), « mH,0 (M=
metal ; NTO=3-nitro-1,2.4-triazol-5-one;M=Li, n=1, m=2; M=Na,K, n=1, m=
1; M=Mg,Mn,Co,Ni, n=2,m=8; M=Ca, n=2,m=4; M=Ba, n=2,m=3; M=
Y.Yb, n=3,m=6; M=La,Ce,Pr,Sm,Eu,Gd, n=3,m=7; M=Nd, n=3, m=8; M
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=Tb, Dy, n=3, m=5) and the enthalpies of precipitation of KNTO+H,O(cr) wi'th‘
CuS0,(aq), Pb(NO;),(aq) and Zn(NO;);(aq) have been measured calorimetrically at
298.15K. By using the entha[ples of solunon and those of prempltanon, the standard
enthalpies of formation of above twenty M(NTO) °mH,O and three precipitates of
[Cu(NTO),+2H,0,Pb(NTO),+H;O and Zn (NTO), +H,0] were obtained. With the
help of Kapustinskii's equation and literature data, the values of the lattice energies
(AUY) and lattice enthalpies (AHD) of twenty M(NTO).(M=Li,Na,K, n=1; M=
Mg.Ca,Mn,Co,Cu,Zn, n=2;M=Y,La,Ce,Pr.Nd,Sm,Eu,Gd,Tb,Dy,Yb, n=3)
were obtained. The results show that there are following linear relationships between
the values of —AU? and —AH| of lanthanide metal salts of NTO and the atomic num-
bers (Z) and ionic radii (r) of lanthanide elements; AU? =~ 2840—14. 55Z, the correla-
.tion coeffluent R'=—0.9941; AU} = 4664+950 6r, R'=0.9983; AH = — 2837—
14.77Z, R'=—0.9955; AH’——4689+964 8r. R'=0. 9998. The magmtude of the lat-
 tice energy of Y(NTO); falls between those of GA(NTO); and Tb(NTO);. It has been
proved that yttrium belongs to the group of lanthanide elements. The values of —AUL
[M(NTO),] increase wnth contraction of ionic radius. This shows that lattice energy is
in recnproca! ratio to the ionic radius of rare earth cations. According to.the lattice en:
thalpies of M(NTO),.. the standard enthalpies of formation of gaseous ions of. metals
and the standard enthalpies of formation of NTO™ (g) derived from the standard en-
‘thalpies of formation of KNTO,NaNTO and NH.KNTO crystal, the standall-d enthalpies
of formation (AHS) of above twenty M(NTO), were obtained. The results show that
the following relationships hold: AH% = —1873+417.57Z, (except Eu and Yb),R'=
0.9865; AH’=266.5—1083r, (except Eu and Yb), R'=—10.9920. With the help of
the standard enthalpies of formation of M(NTO),mH;O0¢r), M*~ (g) and NTO™ (g),
the lattice enthalpies and lattice energies of tweniy M(NTO), - mH,O(M=Li, n=1,m=
2; M=Na.K., n=1, m=1; M=Mg,Mn,Co. n=2ym=8; M=Ca, n=2,m=4; M=
Cu, n=m=2;M=Zn, n=2,m=1;.M=Y,Yb. n=3,m=6; M=La,Ce,Pr,Sm,Eu,
Gd, n=3.m=7; M=Nd, n=3,m=8; M=Tb,Dy, n=3;m=5) were obtained. By
means of the thermochemical equations of the above twenty M (NTO), +mH;O, their
standard enthalpies of dehydration were obtained. o

KEYWORDS NTO salt, enthalpy of solution. enthalpy of precipitation, standard en-
thalpy of formation, lattice energy, lattice efithalpy, standard enthalpy of dehydration.





