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Abstract: The vapor pressure isotope effects (VPIE) has important applications in geosciences and
cosmochemistry. Because different isotopologues have different saturated vapor pressures, the light isotopologues
usually volatilize faster than heavy ones during volatilization processes, resulting in isotopic fractionations
between the condensed phase and the gaseous phase. There is a direct connection between the VPIE and the
isotope fractionation factor a. If we can obtain the VPIE of any compound, we can also obtain its isotope
fractionation factor a between its condensed phase and gaseous phase. Using the method suggested by Bigeleisen,
we show how to calculate the VPIE through calculating reduced partition function ratio (RPFR) of different
isotopologues. Bigeleisen simplified such calculation into a way that only the harmonic frequencies of two
isotopologues in condensed and gas phases are needed. In this study, we briefly review the calculation methods of
VPIE and its general applications. We also use volatilization processes of water molecule and CdS as examples to
show how to theoretically estimate VPIE.
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Fig.1 The optimized geometries of (H,0),0, (H2O),5 and (H,0)3. (a), (b) and (c) stand for(H,0),0, (H20),5 and (H,0)30, respectively. The big cirles
and small circles are oxygen atoms and hydrogen atoms, respectively. The center oxygenatoms are labeled in the figures
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Table 1 The RPFRs of different water-droplets
K - H2017_H2016 H2018_H2016
T (o) PUERERIE BEBIE SRRIE HURRIE
K1 0.9688 A1 0.9604 [X-¥ 0.9688 [K-1 0.9604

(H,0); 20 1.0339 1.0335 1.0649 1.0642
30 1.0326 1.0322 1.0623 1.0617
40 1.0313 1.0310 1.0599 1.0593
50 1.0302 1.0299 1.0577 1.0571
60 1.0291 1.0288 1.0556 1.0550
70 1.0281 1.0278 1.0536 1.0530
80 1.0271 1.0268 1.0517 1.0512
90 1.0262 1.0259 1.0500 1.0495

(H0)y 20 1.0414 1.0409 1.0796 1.0786
30 1.0396 1.0391 1.0760 1.0751
40 1.0378 1.0374 1.0726 1.0717
50 1.0362 1.0358 1.0695 1.0687
60 1.0348 1.0343 1.0666 1.0658
70 1.0334 1.0330 1.0639 1.0631
80 1.0321 1.0317 1.0614 1.0606
90 1.0309 1.0305 1.0590 1.0583

(HO)g 20 1.0412 1.0407 1.0791 1.0782
30 1.0393 1.0389 1.0755 1.0746
40 1.0376 1.0372 1.0722 1.0713
50 1.0360 1.0356 1.0691 1.0683
60 1.0346 1.0342 1.0662 1.0654
70 1.0332 1.0328 1.0636 1.0628
80 1.0319 1.0315 1.0611 1.0603
90 1.0307 1.0303 1.0587 1.0580

(H,0)30 20 1.0415 1.0410 1.0797 1.0788
30 1.0396 1.0392 1.0761 1.0752
40 1.0379 1.0375 1.0727 1.0719
50 1.0363 1.0359 1.0696 1.0688
60 1.0348 1.0344 1.0667 1.0659
70 1.0334 1.0330 1.0641 1.0633
80 1.0322 1.0318 1.0615 1.0608
90 1.0309 1.0306 1.0592 1.0585

&2 (H;0)y5 #(H,0), < B HIRLFZ FE BRI «

Table 2 The i1sotope fractionation factors between (H,0),5 and (H,O),

BECC) H,0'"-H,0'° H,0'*-H,0'°
20 1.0071 1.0134
30 1.0066 1.0124
40 1.0061 1.0116
50 1.0057 1.0108
60 1.0053 1.0101
70 1.0050 1.0094
80 1.0047 1.0088
90 1.0044 1.0083

#z3 AR BKSFEM(H,0), 8 VPIE
Table 3 The VPIEs of different water-droplets to (H,0),

Kay  RE H,0""-H,0'° H,0"-H,0"°
7 At

KT 09688 AT 09604 T 09688 [AT 0.9604

(H2O0)y 20 0.0072 0.0071 0.0137 0.0134
30 0.0068 0.0067 0.0128 0.0125
40 0.0063 0.0062 0.0119 0.0116
50 0.0058 0.0057 0.0111 0.0109
60 0.0055 0.0053 0.0104 0.0102
70 0.0051 0.0050 0.0097 0.0095
80 0.0049 0.0048 0.0092 0.0089
90 0.0046 0.0045 0.0085 0.0083
(HO)s 20 0.0070 0.0069 0.0132 0.0131
30 0.0065 0.0065 0.0123 0.0121
40 0.0061 0.0060 0.0115 0.0113
50 0.0056 0.0055 0.0107 0.0105
60 0.0053 0.0052 0.0100 0.0098
70 0.0049 0.0049 0.0094 0.0093
80 0.0047 0.0046 0.0089 0.0086
90 0.0044 0.0043 0.0083 0.0081
(H20)30 20 0.0073 0.0072 0.0138 0.0136
30 0.0068 0.0068 0.0129 0.0126
40 0.0064 0.0063 0.0120 0.0118
50 0.0059 0.0058 0.0112 0.0110
60 0.0055 0.0054 0.0105 0.0103
70 0.0051 0.0050 0.0099 0.0097
80 0.0050 0.0049 0.0093 0.0091
90 0.0046 0.0046 0.0087 0.0085

EE, AHREIENEREMNT&EE, mE 2. B3
FE 4 B,

HE 2. B3 ME4AUEY, BRERMERR
EMNEEREMNASMERHE /), XE5ERMER
BAEYIEE R —EL.

3.3 ITEZLHl— WMIBH (CAS)

BRERMESBERMMELEZLEEIETEE
IR, BIAMIRETR, TRRBCHLLFEEZN)REE
KA 50%BmERBRE, Ait, gL, T=&
BRELXEMERSSUAIZELASHE, BEBR
A ETENT WEXARBY (CAS), UEUAERK
RGN EREFEETFTHMYT Dd, LLMASET (ZnS)
%. B/, Chou er alPHIXERRY, SRUMAE
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$@BY VPIE 2+, FEIMRIKBE#H R CdS(s). 2
Et Davis et alP*'JIHEBBEANARER, EEUR

ZHANG Ji-xi et al.. Theoretical estimation of vapor pressure isotope effects



6 ot % 2014 4
*4 BRI EHER(U(H0)s 57 FiE A6 E K1 NS EE 83 te
Table 4 Comparation of the theoretical results ((H,O),g) with experimental ones
1n(PH2016/PH2017) ln(PH2016/PH2018)
() INGESES 5K H A EGESE S S H A
lnys4 . w s . .
AR LHEHE (I E 1) AR E 1)
0.9688 0.9604 0.9688 0.9604
20 0.0070 0.0069 0.0132 0.0131 0.0094
40 0.0061 0.0060 0.0046 0.0115 0.0113 0.0081
90 0.0044 0.0043 0.0030 0.0083 0.0081 0.0054
£S5 RSKUZRBKEFES|SERZLIIER RPFR 1 VPIE
Table 5 The RPFR of dimer water and the JPIE between (H,0),s and (H,0),
RPFR VPIE
i]%.rg(OC) H2017-H2016 H2018-H2016 H2017-H2016 H2018-H2016
O-1 0-2 FHME O-1 0-2 FME
20 1.0346 1.0363 1.0355 1.0663 1.0696 1.0679 0.0055 0.0104
30 1.0332 1.0348 1.0340 1.0636 1.0667 1.0652 0.0051 0.0097
40 1.0319 1.0335 1.0327 1.0611 1.0641 1.0626 0.0048 0.0090
50 1.0307 1.0322 1.0315 1.0588 1.0616 1.0602 0.0044 0.0084
60 1.0296 1.0310 1.0303 1.0566 1.0593 1.0580 0.0041 0.0078
70 1.0285 1.0299 1.0292 1.0545 1.0571 1.0558 0.0039 0.0073
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