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2.1.1 NaCl—H,0O, CaCl,—H,O #= MgCl,—H,O % %
M1 T LI #) NaCl, CaCly, MgCly Z 0% 7 Y
Fig BB A5/ T 1 mol « LR BERF AL HAB 2 . )
IKHILERI R . Ca* >Mg?" >Na'; ZEKF 1 mol « L'
W = AMARP RGBS BIWITEIX =i iR
F 1 mol « L1, BlEFHE TR MRt — 23K, 7RI
WD RO AE DRSS » IR W BE/NT 1 mol « LM i 2%,

Table 1 Relation between the largest peak frequency
and concentrations of NaCl, CaCl, and MgCl,

e NaCl iz kg CaCly fe Kl MgCly Sk

JCmol + L1 Jfig/em | giK/em | i em !
0.1 3437 3414 3421
1 3 441 3 441 3439
2 3 441 3 441 3439
3 3 444 3444 3439

2.1.2 CuCl,—H,0, ZnCl,—H, O #= FeCl;—H, O % %
M2 I 1 AU ] CuCle s ZnCly # FeCls R 51HE
R BE A E 3 N 5 Fre VA 1] 25 X0 AS B 5 NaCl,
CaCly» MgCly BRIV I— 2. WATA R R Bk B2 1Y
BEI . KA LRI D . 3 200 em ! VAR . R R I AT A
] R RS S L . (R TR . TE vk E FeCly 1] 5 4R 5%
HWaAEIFRAWME. M—EE ETES. 26

Table 2 Relation between the largest peak frequency and
concentrations of CuCl,, ZnCl, and FeCl;

CuCl, 7nCl, FeCly
i TN ] W/ ORI W/ SRR
(mol* L™1) #/em™! (mol+L71) #/em™! (mol+L ') Z/em!
0.1 3429 0.1 3424 0.1 3431
1 3429 1 3428 1 3444
2 3433 5 3 500 2 3 446
4.5 3433 10 3 488 3.4 3520
3540 -
In 1
§
g 3500 )
2
[}
g 3460 1
2] 3
3420
0 2 4 6 8 0 12

Concentration/(mol-L)
Fig. 1 Relation between the largest peak
frequency and concentration
1: FeCls; 2: ZnCly; 3: CuCly
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Wi B > >Cu
2.2 ATRRERME TR SRIOTMN
2.2.1 NaCl-—H.0, CaCl,—H,0O #= MgClLL—H. 0 4k % %
5 B A fe i A B

MIE 2~1&] 4 AT AT X = AR 2R 2R 970Uk L AR 15 W1
K O—H g sl (2 500~4 000 em™ 'y T F HEL
Fir A 1% B A A T — e B2 D i AE A o A TR B, 249 2 Bl
JET R BEGR T 3 433 em 'HY O—H g s eA 3%

Intensity

3800 3400 3000 2600

Raman shift/cm™!
Fig.2 Raman spectra of NaCl solutions with various concen-
trations (normalized to the same peak height)

Concentration of NaCl (mol » L™1); 1: 0.1; 2; 15 3: 25 4: 3

Intensity

3 éOO 3 LiOO 3 (I)OO 2 (ISOO
Raman shift/cm™!
Fig. 3 Raman spectra of CaCl, solutions with various concen-
trations (normalized to the same peak height)

Concentration of CaCly (mol « L™1); 1: 0.1; 2: 15 3: 25 4: 3

Intensity

3800 3400 3000 2600
Raman shift/cm™
Fig. 4 Raman spectra of MgCl, solutions with various concen-
trations (normalized to the same peak height)

Concentration of MgCly (mol » L™1); 1: 0.1; 2: 15 3: 25 4: 3
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Ca®" >Mg" >Na" , X SRR 2. 1. 1 55 F WS F 0t e i
I RZ I BT A5 B A 2518 2 — 300 .

Intensity

3 éOO 3 400 3 600 2 éOO
Raman shift/cm™!
Fig. 5 Raman spectra of 1 mol « L' NaCl, CaCl, , MgCl, so-

lutions (normalized to the same peak height)

1. HO; 2: NaCl; 3: MgCly; 4. CaCl,

2.2.2 CuCl,—H,0, ZnCl,—H,0 #= FeCl;—H,O 4k 2 %
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K O—H 4R g6 (2 500~4 000 em™' . o4 T F 4L
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Intensity

3800 3400 3000 2600
Raman shift/cm™!
Fig. 6
trations (normalized to the same peak height)
Concentration of CuCly(mol « L™1): 1. 0.1; 2: 15 3. 2; 4. 3

Raman spectra of CuCl, solutions with various concen-

Intensity

3800 3400 3000 2600
Raman shift/cm™
Fig.7 Raman spectra of ZnCl, solutions with various concen-
trations (normalized to the same peak height)

Concentration of ZnClo(mol « L) 1. 0.1; 2: 1; 3: 5; 4. 10

Intensity

3800 3400 3000 2 600

Raman shift/cm™

Fig. 8 Raman spectra of FeCl; solutions with various concen-
trations (normalized to the same peak height)
Concentration of FeCls(mol « L™'): 1: 0.15 2: 15 3: 25 4. 3.4

2.2.3 FREMETKESTAENI A

HEEE LM T T NaCl, CaCly, MgCl,, CuCl,,
ZnCl, Fl FeCly W LA B BEATX K 53 F A SR R0, X L8451
ERAEAK R I B 45 R 2 B A v 2R . 55
5 FH 55 BH 25 25500 e ) %) 7K 4 F S B i R W O R B AE
3 000~3 800 cm ' O—H iRz X H.

Intensity

3500 3000
Raman shift/cm™!

Fig. 9 Raman spectra of 1 mol + L™! CuCl,, ZnCl, and FeCl;
solutions (normalized to the same peak height)
1. H20; 2: CuCly; 3: ZnCly; 4. FeCl;
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Fe’" >Cu*" >Zn*" >Mg*" >Ca’" >Na"

(L3 3, Cu™" M Zn* F/EREESIRE T, BE T REL.,
FRAE IR SR R AAH Cu*™ >Zn* "),

Table 3 The ionic radius of cations and outermost electrons!'®’

BTER/1071% m SN2 HEAR
Na™ 1.02 3s?
Mg?* 0.72 350
Ca?t 1. 00 450
Cu?t 0.73 3d%4s°
Zn*t 0. 74 3d10450
Fed? 0. 55 3d°45°

A YR ELAL AT LSSt T LU BA B A8 30T
WS R R i Ho O 1 CL 2902 5 0 iy e 497 44
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SRRV P R ORAE SCRRL 15 83D
FeCly: Fe*™, [Fe(H,O), P, [Fe(H,O)s P, [FeClL ],

[FeCl*", [FeCl, "
CuCly: Cu*', [Cu(H,0), *, [Cu(H, 06 %", [CuCl, J*,
[CuCl; '~
o, [Zn(H, O, 7", [Zn(H,0)s 7, [ZnCL ]2,
[ZnCls ]
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MgClL : Mg*", [Mg(H, ), 2"
CaCl,: Ca*", [Ca(H, Q) >
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I, MWiRAK S F O—HMMGRIRSIIXIR 3 200 em ™! 224798 8 W
& B AR % . CuCly, ZnCl,, NaCl, FeCl;, MgCl,,
CaCl, (JLIE 10) . ARSCA KX ZH TG WA S B F
e A3 S A F A 25 5

T4 A I RE T SOTTE UM 2% 6 i Fase v . Fe't >
Cu*" >7Zn*" >Mg*" >Ca*" >Na",
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o A A IR RE R T B 4 A R e, B4
B AN AR B PR, SRS F A B e F
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WS T o AR IR BLA 25 45 W e e R A% 4 B X
BRSO R R M B TR, KT O H Mgk

Zl’lclg :

X, 3 200 em ! AL AT R JE R 1% 2 CuCl, >>ZnCl, >MgCl,
=>CaCl, (R 48 B T8 4% & P BE i K F £k o0
%, CuCly 1 ZnCl, 4% 19 43 J& P25 - izt 2 T MgCl, fil
CaCly, FIFIARTHE T, B 10 FrRiX sk #3424 1 mol « L
M HEFERTB A X4 . X T NaCl i, Na©
BN, FRRNE—-TFHESRE T, JLPAE CL B
HEY, FEKPINa(H O " BAERAE > PRI XoF 7K S0 S )
KL CuCl, 1 ZnCl, A5, FeCly BRI & & YIhE
R BRI E YRR, W 1 mol « LTk EEFIRM
Fe'" f/b, (HER T HRIAR IR = M BB T, XK 1) Sl B3R
FEFIESRARBR Y, B, MG EF, HX K S IR
FA#F CuCly . ZnCl, 1 NaCl,

SN [ e R VRN K AL B I i AR T CaCl, >
MgCl, >FeCl; >NaCl>ZnCl, >CuCl; .,

Intensity

3500 3000 2500
Raman shift/cm™
Fig. 10 Raman spectra of 1 mol + L™ of all solutions
(normalized to the same peak height)
1: H,O; 2. CuCly; 3: ZnCly; 4. NaCl;
5: FeCly; 6. MgCly; 7. CaCly
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3.3 FAEMEASFHESEHZIN W A R B SRRSO, O S TR X6 7K 1) & 1 i IR
XoFF AR R B R R R R E IRV Ok UL, 58 %S 1B CaCl,>MgCl, >FeCl; >NaCl>>ZnCl, >CuCl; ,
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Effects of Cations in Chlorine Salt Solution on O—H Stretching Raman
Spectra of Water

YANG Dan, XU Wen-yi
The Institute of Mineral Resources, Chinese Academy of Geological Sciences, Beijing 100037, China

Abstract In order to understand the effects of the common cations in geofluids on the structure of water, the present paper sys-
tematically studied the Raman spectra of NaCl-—H, O, CaCl,—H,0O, MgCl,—H,0, CuCl,—H,0, ZnCl,—H,O and FeCl;—
H, O solutions by two methods. (1) The frequency shifts of the peak maximum around 3 400 ecm ! in O—H stretching Raman
spectra of water reveal the destruction effects of these cations on the structure of water: Ca*" >Mg?" >Na", Fe'" >Zn*" >
Cu®" ; (2) Comparing the intensities of the shoulder peak around 3 250 em™! in the O—H stretching Raman spectra of water: @
all salts concerned destruct the structure of water; (@ with respect to the same chloride, the destruction extent of hydrogen-bond
increases with concentration increasing; @) comparing different chloride solutions at the same concentration, the destruction
effects of catnions on the structure of water decrease in the sequences Ca?" >Mg?" >Na" and Fe’" >Zn*" >Cu*". @A hydro-
gen bond-affected mechanism combining cation destruction with complex compound production is supposed for the first time, and

is used to explain the effects of the canions on the structure of water; CaCl, >MgCl, >FeCl; >NaCl>>ZnCl, >CuCl,.
Keywords Cations; Raman spectrum; Water structure; Hydrogen bond
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