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Fig. 1 The research achievement of aqueous solution structure from 1930 to 2020
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Table 1 Hydration number and hydration radius of alkali metal ions in different aqueous solutions
} ) KEBEFAE .

VIR FEJR H (H,0:X) Kes E‘M o - I B30k

19.7 4 0. 2nm 298KLi, SO, 7K VAW (9]

60.3 ~6.1 4.1~3.93 0. 198nm HR LiCl KW [10]

Li* 6.1/4.6/3.9/2.0 3.0~4.2 0. 198nm HR LiCl /KIS [11]

25.3 - 0.210nm HR Ll [99]

20/125 6 0.235nm 298 I 323K Na, SO, K% [14]

N 320.37 ~9.25 - 0.26 ~0.27nm H IR NaCl /K IEW [15]

a

9.1 - 0.244 ~0.249nm 273 ~353K [N NaCl Ki&# [17]

40.55 ~9.30 - 0.238 ~0. 246nm KCI ~ NaCl & 15 [18]

14. 8 - 0.266 ~0.270nm 273 ~353K [ KCl K& # [17]

K* 59.70 ~11.78 - 0.257 ~0.276nm KCl ~ NaCl JR &V T [19]

55.56/9. 26 5.6/4.0 0.299/0. 293nm # i RbBr 7K iAW [20]

- 50.93 7.3x1.4 0.297nm IR RbCl K i [23]

0. 05mol/L 4~3 0. 285nm 299 ~445K Rb,SO, /KB [30]

55.99 8.4+1.6 0.312nm H R CsBr /KW [23]

110/21/12 7.5~6.0 - HR CsCl K W [24]

ot 19.98 - 0. 3006nm il Cs /KR [59]

S
19.98 - 0. 3056nm 343K Csl AKVAW [59]
9.99 - 0. 3020nm 343K Csl 7KW [59]

T —SEIR W P OK S B 1 A BE R P A SCRR PN 78 JCHE RS, R JRX e BEARORRBE IR LL , Jm SRR M TR 36 1

('The molar ratio of some solution can not be obtained through literature, so the molar concentration is used instead of the molar

ratio, and the following table is the same as table 1)
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Table 2 Hydration number and hydration radius of alkali — earth metal ions in different aqueous solutions

a3y /R L. (H,0: M) KEE  KEBTREM-0) HiE Z:25 R
Be* 48.64/12. 02 4 0. 167nm H IR BeCl, K VA WL [25]
, 18 6 0.212 nm Mg( ClO, ), KA [26]
Mg™* o
49. 571/43. 533 6 0.209 nm Mg( CH,COO0) , 7K 7 [27]
15.6 5.7 0.205 nm U MgSO, KA [28]
26. 54 6.9+0.7  0.2425 £0.0013 nm i CaCl, KW [30]
Caz+
3.2+0.6 0.236 +0. 03 nm 673KCaCl, 7 [29]
Si?t 0.1 mol/L 8~6.7 0.26 nm 302 ~ 446K Sr(NO, ), ik [31]
A BT AR IR E SRS
1.3 E€EEF

ARG B K E, 216
e LN 3 PN R L A o R

TGS DO L PR 3 R S ]
XS AR B 0 B < B KB S R O IR S AR X
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Table 3 Hydration number and hydration radius of heavy metal ions in different aqueous solutions

e3piy FE/RH(H,0: M) KEE KEBTFLE(M-0) ZE SR
Mn>* 6.2 5 - Mn(NO;), - 6H,0 /KW [32]
0.2 mol/L 6.0+0. 1 0.2 078 nm HR Zn(NO; ) , /K [34]

Zn®*  0.005 ~2.0 mol/L 4/6 -

255K ¥ Zn(NO, ) , I A I Zn(NO, ) , /KIFR[ 35 ]

0.005 ~2.0 mol/L. 3.2~6.7 0.205 ~0.207 nm Hl Zn(NO; ) , JKIR W [36]
0.05/2.0 mol/L.  6.8/3.6  0.207/0.202 nm LR UR - RIRAE IR Zn(NO; ) , K [38]

Ni* 0.2 mol/L 6.1+0.1 0.2 072 nm HR Ni(NO, ), K [34]
Co** 0.2 mol/L 6.0 0.1 0.2 092 nm R Co(NO, ), KT [34]
2t 0.05~2.0mol/L  3.0~4.2 0.192~0.198 nm R CuCl, 7K 7 [36]
0.25/1.0/2.0 mol/L 3.3 ~4.3 0.193 ~0.195 nm LR R — R URAL BRI CuCL, R [36]

Ag’ 23.2 4 0. 232 nm/0. 248 nm il AgClO, B [42]
1 mol/L 6 0. 1994 nm R CrClL TR [37]

N 1 mol/L,2 mol/L 6  0.199 9 nm/0. 198 9 nm HR Cr(NO; ), KV [37]
“ 1 mol/L 6 0.199 5 nm W CrClL A [38]
1 mol/L,2 mol/L 6  0.203 4 nm/0.202 4 nm #ld Cr(NO; ) K IR [39]
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Table 4 Hydration number and hydration radius of rare earth ions in different aqueous solutions

i KEBTER .
R BERIL(H,00M) Kes ?M 0 - I B3Rk
Sk 320 ~ 11 - 0.25 ~0.26 nm Ce(NO, ), K [44]
Lu? 20/40/80 6.3/6.0 0.232 nm LuCl, % Wi [45]
Dy’* 320 ~16.5 8~9 0.240 ~0.242 nm DyClL #¥ [46]
12.1/46. 1 7.4£0.3 0.218 0. 015 nm Sc(ClO, ), Bk [49]
. 2.1 7.6 ~6.7 0.215 +0. 004 nm 228,178 K Sc(ClO, ), Vi [49]
St
46. 1 7.2~6.8  0.216 nm/0.214 nm 298,323,368 K Sc(ClO, ), %W [49]
17.5/33.0 6.7/6.2 0.218 0. 004 nm W ScClL [49]
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Table 5 Hydration number and hydration radius of halide ions in different aqueous solutions

KEE TR

a3 JEER I (H,0: M) IKEEL (M -0) #IE e = BN
F- 3.01 mol/L 6 0.266 nm #il% RbF KA [52]
15 4 0.268 nm T KF K [51]
13.3 ~27 4.5 0.262 nm W KF KB W [53]
Cl- 5.8/11.0 4.7/5.4 0.315 £0. 006 nm R ScCly 7 [49]
60.3~2.1 - 0.318 nm W LiCl 2K VAW [10]
6.1/4.6/3.9 7.6 ~7.1 0.315/0.316/0.308 nm %3 LiCl 7K W [11]
320.37 ~9.25 - 0.314 nm Wi NaCl KB [15]
9.1 - 0.312 ~0.315 nm 273 ~253K P NaCl /K& [17]
14.8 - 0.329 ~0.332 nm 273 ~253 K P KCl 7KW [17]
11.78 ~7. 84 - 0.305 ~0. 328 nm KCl - NaCl R &% [19]
111.1 7.7+0.6 0.317 0. 002 nm B CsCL K [22]
9.3 6.6+0.6 0.317 £0. 002 nm H R CsCl KW [22]
5.1 5.920.6  0.317 £0.002 nm W CsCl KR [22]
50. 93 5.9+1.1 0.321 nm I RbC 9 [23]
55.99 6.0. £1.1 0.321 nm HIE CsCl W [23]
24.32/6.01 - 0.324 nm/0. 315 nm H i BeCl, R [25]
13.27 6.0+1.7  0.3047 £0.0040 nm L CaCl, TR [30]
6.7/13.3/26.7 3.5/6.0 0.313 nm B LuCly TR [45]
13.2 5.920.2  0.334 £0.004 nm R LiCl ¥ [54]
3.2 5.3+0.2  0.329 £0.004 nm R LiCl ¥ [54]
7.2 5.5+£0.4  0.320+0.005 nm W NaCl %% [54]
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6.0 5.8+0.3  0.320%0.005 nm I RbC %9 [54]
3.1 5.840.2  0.325%0.004 nm ik CaCl, [54]
2.8 5.7+0.4  0.320 +0.004 nm R NiCL A [54]
5.7 5.5+0.4  0.325+0.005 nm B NiClL R [54]
19.5 6.2+0.4  0.326+0.005 nm i BaCl, [54]
Br- 0.1 mol/L 6~4.5 0.33 nm 302 ~410K KBr ¥ [31]
1.2 mol/L 6 0.3316 +0. 0004 nm W IR CaBr, W [55]
2.0 mol/L 6 0.3342 +0. 0006 nm YR CaBr, VAL [55]
6 mol/L 6~7.5 0.34 nm I RbBr T [56]
6 7.4 0335 nm W EmBr, B [57]
1 0.5 mol/L 6~4.5 0.37 nm 300 ~433 K KI ¥k [31]
7 mol/L 6 0. 360 nm H i Nal Y7 (58]
19. 98 8.3 0.358 nm B Lil [59]
19.98 7.7 0.358 nm 343 K Lil ¥ [59]
9.18 5.6 0.355 nm B Lil % [59]
9.18 4.7 0.359 nm 343 K Lil ¥k [59]
19. 98 7.2 0.367 nm R CsTVAW [59]
19.98 8.2 0. 360 nm 343KCsl [59]
9.99 6.8 0.372 nm 343 KCsl ¥ [59]
22.2~11.1 9.4~6.7  0.365-0.369 nm R LAl iU [60]
5.5 8.9~6.1 0.376 nm W IR Nal I8 [60]
129.6 ~8.4 9.6~4.2 0.370 nm W Ll KL [61]
25.3 6.9 0.363 nm WU LT Y [62]
18.5 - 0.382 nm R Csl VW [63]
9.3 8.8 0.376 nm H I Nal Y7 [63]
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Table 6 Hydration number and hydration radius of oxyacid ions in different aqueous solutions

KAB T

2351 J# K H (H,0: M) KEHL (M-0) &ZE EZDUN
NO; 6.2 6.7 0.347 nm Mn(NO,), - 6H,0 /KIAH [48]
8 mol/L - 0.3 506 nm B i NH,NO, [66]
9.25 3 0.314 nm i NaNO, 7R (i) a) [67]
9.25 6 0. 345 nm 5 NaNO, i3 (£ b) [67]
6.05 3 0.312 nm B NaNO, 7 W (F7Y a) [67]
6.05 6 0.339 nm Wl NaNO, I (F7Y b) [67]
Clo, 23.2 8 0.304 nm Wl AgClO, [53]
36.3 - 0.360 ~0.365 nm 228 ,178K Sc(ClO, ), VAW [64]
138.3 - 0.360 ~0. 365 nm 298,323,368 K Sc(ClO, ) {5 [64]
S0;- 15.6 6.0 0.373 nm BT MgSO, /K [28]
24,97 8.0 0.382 nm B IR MnSO, 7AW (157 A) [68]
24.97 6.9 0.379 nm H R MnSO, 5k (FL7Y B) [68]
26.82/13. 26 7.4 0. 390 nm B IR MnSO, W [69]
26.70 9.6 0.392 nm W R NiSO, R (1547 A) [68]
26.70 8.1 0.381 nm R NiSO, IE T (574 B) [68]
34.39 12 0.361 nm HR i, SO, 5 [70]
18.04/37. 05 8 ~13 0.393/0. 382 nm R MgSO, 7K IR [72]
2 mol/L 6.9/6.0  0.389/0.383 nm 282,335 K CdSO, /KW [73]
30.21 ~60. 21 3.0/6.0 0.369 nm 298,323 K FiERNIA TR [75]
25/20/15 4~9 0.36 ~0.38 nm 298,323 K PUBIEREF AR [77]
[N
30 ~6 - 0.29 ~0.54 nm B DU R EP [78]
1/3/5 mol/L  13.9\14.2\16.1 0.372 nm D W R B K VA [79]
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Application of X —ray Scattering in the Study of Inorganic
Salt Solution Structure

LI Fei'? ,FENG Ming — yuan' ,REN Yue',FU Wan — ying',
LI Shi — hang' ,XU Jia — qi' , YUAN Jun — sheng'~*
(1. School of Chemical Engineering and Technology ,Hebei University of Technology , Tianjin 300130, China ;

2. Engineerning Research Center of Seawater Utilization Technology of Ministry of Education
Tianjin ,300130, China)

Abstract ; The X — ray scattering technique is a powerful tool for the study of solution structures. It is a method
with a long history used to study the solution microstructure. In recent years, with the rapid development of sci-
ence and technology, X —ray scattering is becoming more and more mature. The specific structural parameters
can be obtained from the radial distribution function of X — ray scattering. Therefore , this method has been
widely used in the study of solution structure. Many scholars have studied the solvation of various ions in water
by X —ray scattering. They have made great achievements, including the determinations of hydration numbers
and hydration radius of different ions,as well as the effect of temperature, concentration , pressure and other fac-
tors on the ion hydration structures. Besides,the second hydration layer is also involved in some of these stud-
ies. In this paper,the research objects are classified according to the alkali metal ions, alkali — earth metal i-
ons , heavy metal ions,rare earth ions,halogen ions,oxyacid ions. And the results obtained by X — ray scattering
in the solution structure are summarized. On the basis of a systematic summary of these results, the present situ-
ation of the study on the structure of aqueous solution by X —ray sacttering is analyzed ,and the prospect of this
field is discussed.

Key words : X — ray sacttering; Solution structure ; Solvation ; Contact ion pairs



