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Abstract  Hydrofluorocarbons (HFCs) and hydrofluoroolefins (HFOs) are mainly employed to
substitute hydrochlorofluorocarbons. In order to evaluate whether the HFCs and HFOs are ideal

alternatives for hydrochlorofluorocarbons or not, it is necessary to fully explore their atmospheric
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transformation, especially the information atmospheric persistence. To date, the quantity of second-
order reaction rate constants (kqy) for chemicals reacting with hydroxyl radicals (-OH), which are
essential parameters to characterize the atmospheric persistence of HFCs and HFOs, cannot meet the
needs of atmospheric persistence assessment for HFCs and HFOs. Therefore, it is necessary to
develop a method that can predict the kqy values efficiently. Considering the efficiency and accuracy
of quantum chemical calculation, quantum chemical calculation is an important way to predict the
ko values. However, the quantum chemistry methods used in the current research are complex, and
it is urgent to screen the quantum chemistry methods that are suitable for HFCs and HFOs. In this
study, suitable methods for predicting the atmospheric kg values of HFCs and HFOs were selected
from a variety of thermodynamic parameter calculation methods and kinetics calculation methods
based on the experimental data of 3 HFCs (CF;CF,H, CF;CH,CF;, and CF;CF,(CHF),CF3) and 2
HFOs (CF,CH, and CF;CH,CF3). The research results show that by comparing the mean absolute
error (MAE) between the experimental lgkg; values and the lgkgy values calculated by different
theoretical methods, the method employing the traditional transition state theory (TST) modified with
the Skodje-Truhlar tunnel effect correction coefficient(xg) and combining with the density functional
theory (DFT) at the MO06-2X-D3/def2-TZVP//M06-2X/cc-pVDZ level has the best effect on
calculating the kg of HFCs accurately, whose MAE was 0.17; The method employing TST method
modified with Wigner transmission coefficient (xy) and combining with the M06-2X-D3/aug-cc-
pVTZ//M06-2X/cc-pVDZ (MAE= 0.50) showed the best performance for calculating the kg values
of HFOs; Both of the two methods that TST modified with the xy, correction combine with M06-
2X-D3/aug-cc-pVTZ//M06-2X/cc-pVDZ (MAE = 0.34) or M06-2X-D3/jul-cc-pVTZ//M06-2X/cc-
pVDZ (MAE = 0.35) were suitable for the kg prediction of HFCs and HFOs. In this study, the
selected methods provide efficient and accurate methods for the kg calculation and atmospheric
persistence assessment of HFCs and HFOs.

Keywords hydrofluorocarbons (HFCs), hydrofluoroolefins (HFOs), OH radicals, quantum

chemical calculation, density functional theory (DFT), kinetics.
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TEIX LAV G Wk A KSR Z 00, 75 2 7003 1 H ORI By 5 845 R, TR R A,

KA -OH H A7 38 A8 A P AR 2 B, 2 AR 2205 e W S04k 5 ik 1 O S 1y ), DR ot s e
55-OH [ W i 9% [ 7 3 288 50 (koy, cm® molecule™-s™) J2 3P 15 e ) RS IR A PR R E S5 55
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1,1,1,3,3,3-75 % A BE ( CF3CH,CF3) | 2H,3H-1 % 1% %t ( C,F5(CHF),CF;) 1 2 4~ HFOs: 1,1-— % & J&
(CF,=CH,) . 1H,1H,2H- 1t - 1-2 4% ( CF5(CF,),CH,=CH, ) 1 WA EIAL A W, LLHE kopy SCIME R 5%,
i 26 35 T 1195 HFCs Fl HFOs A koy 1B I 1 16 22 05 15 B AR 7 B i BT A5 koy 5 S5 B i
TR, K& J@ KT HFCs Ml HFOs ) HERR M FILE FH Y ko THE 5 15

1 MRLE 7 (Materials and methods)

1.1 AL &Y ik

Sy e G 06 0 35 5 2 BE % Tz W T HECs F HFOs 9 M kg 3155, ASBF 28 DA SCHik E 41 38
kow ") HFCs Fll HFOs ", R 48 filk 6 1< B A1 B RE A1 47 & 19 A [A], 3 3% i CF;CFH,™, CF;CH,CF5!"™,
C,F5(CHF),CF,!" 3£ 3 4~ HFCs il CF,=CH,!"", CF;(CF,);CH,=CH,"* 3t 2 /> HFOs /£ W &Itk &1, H
T A TR, Ha5 i anEl 1 s,

A

0251 " 111 656° 0.236% ¢ H

25 "t

J J CF

Jm 657) 0 26
113.560°
CF:CFH, CF{CH,CF, CF5CF,(CHF),CF; CF,=CH, CF5(CF,);CH=CH,
LLL2-sg gt LLL333-AmMALE 2H,3H-+-58 ekt LI-Z 24 1H, IH2H-4-H 5 - 1-589%

Bl 1 2% HFCs fll HFOs HI MG BE B A 52 (S 27 4 nm)

Fig.1 Global minimum conformations of HFCs and HFOs as reference ( The unit of distance is nm)
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1 T 1E R HECs #ll HFOs 77 7E Z M4, AR R 5 -OH /Y S BEPEAN ), PR ik >R FH i 8L B AR Vi
B3 F 3 J1 2% (BOMD) ™ B ALUR & 1k 27 i H S AR 45 5 09 J7 2ok 3RS H Atk & W i i fa e i 42
BOMD # ULl ] CP2K 8.2.0% {41, NVT & Z5, | FH| Nose-Hoover 4l J7 1244 ifit B2 £2 4 18 300 K, )
Fi BLYPD3/DZVP-GTH J5 115 5000 4, 24K 4 0.5 fs. IS4 B J7 22 300308 v e B 22 Fh RE AR A
4, SR 5 8 M06-2X"/ce-pVDZP 158 7 i R a5 A AT DAk, e 28 30 HURE B S AR A A H bk
G YR RREM G, HRZ 28 5 -OH W, SefRRE M A 1 iR, & #1HA7E Gaussian
09% B - v AT
1.3 rEiit s

MO6-2X {Z bR 2 UE B RE B AR 4 3 1] T A58 S35 WU B 24, PR, ASBIF 5 v A S o B 1 s )i
Y. SO HTES B RS L ROVESE A R T M06-2X ce-pVDZ K- AT 451k it
b, il it M06-2X/ce-pVDZ 512 T35 A BL N A s 36 T 5o 8 28 1) T 12

XF TR RE A TT B, BT 2 Bl RE 8 25 54 (0 HUPE H B9 72 pR(M06-2X-D3 Hl 0B97X-D) ! 55 8 fift 3-
zeta F& 4 (aug-cc-pVTZ, may-cc-pVTZ, jun-cc-pVTZ, jul-cc-pVTZ, def2-TZVP, def2-TZVPP, pcseg-2 Fll
MG3S) P2 JEATLH A, BTt 16 P45 1.
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AP, o AURBEE A IE REG o AR TIFBE; A AR W S0 H £ (6.626 x 107 J-s); TR
(K); kg RRIURZE 2 W8 (1.381 x 107 J-K™); RACREE /R TR £0(8.314 J-mol '-K™); Py fRFR KUK
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58 (10° Pa); AGH AURFRUENG AL F HHRE (kI mol ™), Jyach i 2855 A 87 9 b BRI 2 S W 400 o A 35 I FRRE X
TR F N An A 1, BRI A4 HFCs F1 HFOs B koy N I T IR 838 Koy 2Z A

XFF i B, SEHE PR 7 7 :(Wigner R 18 2500 4% 1E R 2 (rey ) 2 F1 Skodje-Truhlar f% 18 250 A% 1E &
B (reg) 23N HEATTESRL, F 0718 11 e B 1 P T HIRL e TV

1 hv! ’
KW:1+ﬂ.(kB~T) 2
A, o0& TS BB (cm ™).
ks TR ITEIT
2n
1
B= T (4)
Ma >f it s
_ mBla L (B-a)AV
= Sn(Bla)  B-a’ )
a =p I
ks = aAV = BAV (6)
o< BHt:
Ks = lg'f;ae[(ﬁ"’mv]_l 7

Hod, AV Ry #5225 B (kI-mol ™), AE Ry o 8 25 0k 25 S 7 9 14 RE 2 (kJ-mol ™) , 24 AE > 0 kJ-mol " i,
AV R 0kI-mol™'y |22, AV Ry =¥l 2 N ) i RE &

2 %5 59718 (Results and discussion)

2.1 BEHGEW) koy AL

i I, -OH 5 HFCs, HFOs A] L& 4= 25 H Ji £ 5 F J5 19 S bz, i AT DAAEAS TR R 68 %2 2 -OH il
. Fif AAEBESE CF,=C(CH3)CF3, CF,=C(CHy),. TH--E 53 M 5 -OH /9 2 7 & BL-OH X LZF
HUF JE700 13, K ABFSE AN % & -OH ZF U HFCs Al HFOs |1 H J& 1. X F 3 4> HFCs, H W HLEIAT
KFBCHET LM HIEEF. T HE T 00 8 0] 68 25 i -OH 25 BUARE 1, T DL ik $& CF5CFH,.
CF;CH,CF; Pl J C,F5(CHF),CF; fE NI & ). % JEF| CF,CFH, H (RS B A C X FrPE, 5-OH
R 1 22 A B A2, 1 C,Fs(CHF),CF; #il CF;CH,CF; 73 T B S AR M G2 A B4 X BR ik, 7 2% i e
A1) & 37 U N i85 4% . X T HFOs, -OH 5 H f i WL AL 45 H 25 BURT-OH hn A% % J& %] CF,=CH, Fll
CF3(CF,),CH,=CH, 73 T B X FR ik, W9 5 -OH [ 43501 7% & 3 4% (1 A& 3R HL+2 2% -OH Jinug) #il 6 5%
(3 & ZF U3 45-OH ML) RV ig 1%, Fi A SR A 95 -OH U 1) i I i 448 DL ] 2.

RIS TEARAFFETFTIHTENBERASYH ko . 7 LLF 11, CF;,CF,H, CF;CH,CF;.
CF5CF,(CHF),CF;5. CF,CH, fl CF5;CH,CF; ) koy YB3 51°4 6.79 x 107 — 4,93 x 107 cm® molecule s,
847 x 10" —5.99 x 107" cm®* molecule s ', 2.10 x 10> — 5.65 x 10" cm®> molecule "'s ', 4.81 x 107" —
8.90 x 107" cm**molecule 's'; 7.27 x 10— 1.08 x 10" cm’ molecule s, ‘B ITXF I A A 2 U6 71 [l
39 4: 0.40 — 29.00 a3 3.29 — 232.83 a; 0.34 — 9.39 a; 0.08 — 14.76 d; 0.65 — 97.66 d. FWI R[]+
8575 1% HFCs 1 HFOs 11 koy {EL A AR DEAL 0 52 M 32 K. e Ak, HFOs B9 koy fH 3 3 K T HFCs /9
kop TH BIBFFE 45 R W ZEXTR 2 451, HFOs 5-OH S P, T 455 4% -OH “E Ak 22 1%
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A SN i JE
Fig.2 Possible pathways for the reactions of CF;CFH, (A), CF;CH,CF; (B), C,Fs(CHF),CF; (C), CF,=CH, (D),
CF4(CF,),CH,=CH, (E) with -OH.

AN IE (o) RIS R B 5 B 7 AT H S BB AL & W 1Y kop (cm’ molecule™-s™)

-s™") of selected compounds calculated by the combination transition-state theory (TST) with

F 1 AESHS(TST) 4 & RE

Table 1 kgy (cm®**molecule™

different transmission coefficient (x) correction and single-point-energy calculation methods.

o (s
$E ey i Compound
Zero-point energy method CF,CF,H  CF4CH,CF, CF+CF,(CHF),CF, CF,=CH, CF4(CF,),CH=CH,
SCE 6.25x 107" 9.57 x 107 329x 107" 249 x 107" 1.36 x 107"
ks 411x107" 1.16 x 10 8.55% 107" 1.58 x 10" 134 % 10"
MO06-2X-D3/aug-cc-pVTZ
rw  127x107 1.79 x 107 3.98 x 107" 1.55%x 10" 1.84x 10"
ks 3.19x107° 933 %107 6.86 x 107* 8.18 x 107" 122x 10"
MO06-2X-D3/may-cc-pVTZ
Ky 9.22x107° 1.35 %107 2.96 x 107" 1.02 x 10" 1.48 x 10
ks 3.50x 107" 1.01 x 10" 7.28 x 107 1.23x 10" 124 x 10"
MO06-2X-D3/jun-cc-pVTZ
Ky 1.03x 107 1.49 x 107 3.20% 107 120 x 10" 1.55%x 10"
ks 3.78x 107" 1.10x 10 8.05% 107" 1.51x 10" 131x 10"
MO06-2X-D3/jul-cc-pVTZ
rw  1.14x107 1.67 x 107 3.67x 107" 1.48 x 10" 1.73x 10"
ks 2.96x 107" 9.03 x 107 6.51x 107" 8.07x 1077 133 x 10"
M06-2X-D3/def2-TZVP
kw840 % 107 129 x 107 2.75% 107" 9.62x 10" 1.88 x 10
ks 427 %107 1.12x 10" 8.28 x 107" 7.25% 10" 1.14 x 10
M06-2X-D3/def2-TZVPP
Ky 1.33x 107 1.71x 107 3.80 x 107" 8.58 x 107" 134 % 10"
ks 2.50x 107" 6.47 x 107 531 %107 481 x 107" 7.27%x 10
MO06-2X-D3/pcseg-2
Ky 6.79x 107 847 %1077 2.10x 107" 557x 10" 7.52%x 10
ks  4.16x107" 1.18x 10" 1.18 x 10™ 1.59 x 10" 132x 10"
M06-2X-D3/MG3S
w129 %107 1.82 x 107 6.08 x 107 1.56 x 1072 1.71 x 107"
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- e
$'Ji REJT p Compound
Zero-point energy method CF;CF,H CF;CH,CF; CF;CF,(CHF),CF; CF,=CH, CF;(CF,),CH=CH,
ks 3.99x107 443 x107" 3.45x10™ 5.10x 10™ 472 %107
®B97X-D/aug-cc-pVTZ _
Ky 2.72x107 1.08 x 107" 2.96 x 107 4.99 x 107" 454 x 107"
ks 3.34x107" 3.65x 107" 292 %107 3.51x 10" 3.84x 107"
®B97X-D/may-cc-pVTZ
Ky 2.08 %107 8.32x 107" 226 %107 3.44 x 10" 3.69 x 1072
ks 3.57x107" 3.97x 107" 3.09 x 107 417 x 10" 410x 107"
®B97X-D/jun-cc-pVTZ
Ky 2.30x 107" 9.34x 107" 248 x 107 411 x10™" 3.94x 1072
ks 3.75x107" 424 x107" 331 x10™ 488 x 107" 451 x10™"
®B97X-D/jul-cc-pVTZ i
Ky 247 %107 1.02 x 107" 2.77x 107" 478 x 107" 434 x107"
ks 3.43x107" 449 x107" 327 %10 2.94 x 107" 5.78 x 1072
®B97X-D/def2-TZVP i
Ky 217 %107 1.09 x 107" 271 %10 2.88 x 107" 5.56 x 1072
ks 4.29x107" 529 x 107" 3.70 x 107 2.99 x 107" 456 x 107"
®B97X-D/def2-TZVPP i
Ky 3.07x10™" 1.36 x 107" 3.33x10™ 293 x 10" 438 x 107"
ks 253 %107 293 x107" 2.35x10™ 2.06 x 107" 2.58 x 107"
®B97X-D/pcseg-2
Ky 1.40x 107" 6.24 x 107" 1.63 x 107 2.01 x 10" 2.53 x 107"
ks 4.93x 107 5.99 x 107" 5.07 x 107" 8.90 x 107" 1.08 x 107"
®B97X-D/MG3S
Ky 3.75x107" 1.59 x 107" 5.65x107™ 8.71 x 107" 1.04 x 107"

22 koy VT LR

2 51 T HFCs #1 HFOs S0 53509 1gkoy P #4148 %5 5% 22 (MAE) , * MAE /)T 0.500 1A
J T BT ) ko BRI BT % T HECs, 0B97X-D 454 «s 18 1E 14 TST MR A HAH (MAE 193 il
9 0.692 — 1.003); M06-2X-D3 454 kg 15 1E A9 TST J5 12 55 HAL#, H MAE {539/ T 0.250. Hr, SR H
4l def2-TZVP(MAE = 0.169) . may-cc-pVTZ (MAE = 0.170) . jun-cc-pVTZ (MAE = 0.178) . def2-
TZVPP (MAE = 0.182) , jul-cc-pVTZ (MAE = 0.193) fl aug-cc-pVTZ (MAE = 0.197) 115 Jr i3 R B 1.
U, 241155 -OH F1 HFCs 1) J i B, a3 80fl B 1 38 48 IE TST A F 53 5 4 68 19 J7 % 1145 HFCs 19
ko TH. %} T HFOs, M06-2X-D3 454 aug-cc-pVTZ 5435 B 5 B, IR 1 roy 1B 1E M9 TST 3 kop, 19
F (Y Igkon 19 MAE f2/N(0.497) . R, s 3UH JH rey 18 1E 1Y TST J5 545 & M06-2X-D3/aug-ce-pVTZ/

M06-2X/cc-pVDZ 1155 HFOs #Y koy 1H.

R 2 HUSHE 1gkoy P4 NT 1R 22 (MAE) (koy: cm® molecule ™)

Table 2 Mean absolute deviation (MAE) values of theoretical Igkgy for selected compounds. (kgy: cm* molecule™s™)

B BT MAE (TST X xy) MAE (TST x xg)
Zero-point energy method HFCsHIHFCs HFCs HFOs HFCsHIHFCs HFCs HFOs
MO06-2X-D3/aug-cc-pVTZ 0.47 0.45 0.50 0.34 0.20 0.56
MO06-2X-D3/may-cc-pVTZ 0.57 0.53 0.64 0.39 0.17 0.72
MO06-2X-D3/jun-cc-pVTZ 0.53 0.49 0.59 0.36 0.18 0.63
MO06-2X-D3/jul-cc-pVTZ 0.49 0.46 0.52 0.35 0.19 0.58

MO06-2X-D3/def2-TZVP 0.58 0.56 0.60 0.38 0.17 0.69
MO06-2X-D3/def2-TZVPP 0.54 0.44 0.69 0.41 0.18 0.75
MO06-2X-D3/pcseg-2 0.78 0.69 0.91 0.50 0.21 0.93
M06-2X-D3/MG3S 0.51 0.51 0.51 0.37 0.24 0.56
®B97x-D/aug-cc-pVTZ 0.74 0.59 0.95 0.91 0.87 0.97
®B97X-D/may-cc-pVTZ 0.63 0.50 0.83 0.81 0.80 0.84
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SR MAE (TST x Kw) MAE (TST x KS)

Zero-point energy method HFCsHIHFCs HFCs HFOs HFCsHIHFCs HFCs HFOs
®B97X-D/jun-cc-pVTZ 0.66 0.52 0.88 0.85 0.83 0.89
®B97X-D/jul-cc-pVTZ 0.71 0.56 0.93 0.89 0.85 0.95

®B97X-D/def2-TZVP 0.68 0.55 0.88 0.86 0.85 0.89
®B97X-D/def2-TZVPP 0.73 0.66 0.83 0.89 0.92 0.84
®B97X-D/pcseg-2 0.51 0.43 0.63 0.67 0.69 0.64
oB97X-D/MG3S 0.97 0.79 1.25 1.11 1.00 1.27

Xt He BT A A AL A 9 (3 /) HFCs Fl1 2 4 HFOs) Igkoy B9 MAE {E, & 8 M06-2X-D3 fil ®B97X-D
Z MRS AN R R A5 B (Y 1gkoy B MAE 3 il 5301 4 0.34—0.78 F1 0.51—1.11. xg IEIE Y TST J5 445
A M06-2X-D3 {7 PR 1153 8 5 BEAY MAE {EYEH A 0.34—0.50, $4<0.500. ¥4 18 MAE {6 HEF, FIH «s &
1E TST W3l J 27 7 L 456 A A B0 S BB 1138 0 v b, B0 2 Fh 5 ik 43 33 o 45 & M06-2X-D3/aug-ce-
pVTZ (MAE = 0.34) fil45 4 M06-2X-D3/jul-cc-pVTZ (MAE = 0.35). xy 18 1E TST B 8h J12¢ 5 k45 & A
] B RE 5 07 i v, A Y 2 B 940 ) O 45 B M06-2X-D3/aug-cc-pVTZ (MAE = 0.47) Fl 45 &
MO06-2X-D3/jul-cc-pVTZ (MAE = 0.49) . A I, AW 5% #E 7 g 1 1E 1) M06-2X-D3/aug-cc-pVTZ/MO6-
2X/cc-pVDZ B # M06-2X-D3/jul-cc-pVTZ/M06-2X/cc-pVDZ J71%:11 8 HFCs F1 HFOs A koy.
2.3 HFCs, HFOs 5-OH K5 1 Ll

& 3 ik 43035 T HCFs #1 HFOs B 1153 7 i L 1H545 209 [ i 38T 2 8l ) 22 244
Hid HCFs AV 124 0 kI-mol . %FF 3 f HFCs, 7] LI i -OH - H HFCs _E 1% H JEFB, %578 (AH) )
JNTF 0 kI-mol ™!, B S Al H & #EAT. AR T A E % (12.75—23.16 kJ-mol ™), 7F 298 K &4+ F 2
N AR ME & A= . F B HFCs 7] BB A KA H Rf AFETE. ILAk, X)Lk 3 HFCs (CF;CH,F. CF3CH,CF; Fll
CF;CF,(CHF),CF3) i koy fH, 7T LA AR EE BEXT HFCs Y ko JLT- 1A 520,

#®3 BRALEYS-OH HIfE2 (AE: kI-mol ', 0 K) . FrifElfifk A HIBE(AGH: kI-mol ™, 298 K) . K348 (A H:
kJI-mol™, 298 K) | i ¥ A MM (0,7 em™) Al kgyy (em® molecule™ s, 298 K) A {15518

Table 3 Calculated energy barrier (AE: kJ-mol™, 0 K), the standard Gibbs free energy of activation (AG*": kJ-mol™’, 298
K), enthalpy (AH: kJ-mol ™, 298 K), frequency of TSs (v,": cm™) and kg (cm®-molecule™s™!, 298 K) values for selected
compounds reacting with -OH.

S 3 TE T

Reaction pathway K Zero-point energy method AG® AE AH o kon
CF,CH,F SeMko: 6.25 x 107 8 kon: 2.96 x 107
la, 2a Ks M06-2X-D3/def2-TZVP 5290 17.71 —62.67 146149 1.48x107°
CF;CH,CF, S kop: 9.57 x 1071 T8 ko: 9.03x 107
1b Ks M06-2X-D3/def2-TZVP 58.07 23.16 -46.48 157573 4.00x 107
2b Ks M06-2X-D3/def2-TZVP 57.61 22.83 —43.77 160020 5.03 x 107
CF;CF,(CHF),CF, SeMkop: 3.29 x 107 8 kop: 6.51 x 107
lc Ks M06-2X-D3/def2-TZVP 52.08 1542 —73.12 1486.68 1.79x107°
2¢ M06-2X-D3/def2-TZVP 4877 1275 —7471 142922 473 x 1078
CF,=CH, M ko: 2.49 x 10712 8 koy: 1.55 x 1072
1d, 2d Ky M06-2X-D3/aug-cc-pVTZ 67.08 822 -3.11 134444 1.23x10™"
3d, 4d Ky M06-2X-D3/aug-cc-pVTZ 33.54 —0.15 —128.79 437.72 4.00x 107"
5d, 6d Ky M06-2X-D3/aug-cc-pVTZ 33.62 —0.64 —186.12 39238 3.76x 107"
CF5(CF,),CH=CH, SeMkoy: 1.36 x 10712 8 koy: 1.84 x 1070
le Ky M06-2X-D3/aug-cc-pVTZ 59.06 25.11 -25.63 153235 3.73x 1077

2e Kw MO06-2X-D3/aug-cc-pVTZ 61.97 2533 2434 1619.52 1.25x107"




10 4 TR A SRR AN S R R -OH IV 1 1Ak A 313 ik i ik 3263

2k 3
e P
Reazgfaltiway * Zero—p(i?:iibefgfmethod AG® AE AH i kon
3e Kw MO06-2X-D3/aug-cc-pVTZ 60.40 2527 -23.02 1527.16 2.16x107"
4e T MO06-2X-D3/aug-cc-pVTZ 4350 634 -12920 53644 7.76x107"
e Kow MO06-2X-D3/aug-cc-pVTZ 3572 0.64 —127.38 497.65 1.74x107"
6e Kw M06-2X-D3/aug-cc-pVTZ 46.68 8.99 —118.41 470.14 2.04x107"

XFF 2 # HFOs, W] LUE H A ROV AH B/ 0 kI-mol ™, & B S N2 e B N . il HE 25 B
AR AE B W = TS s, 2R BT -OH I 1 & -OH 5 2 Fft HFOs J )i 1) 3 28 [ 1w 3 3 . %o L3
J1% 840, CF,=CH, Fl CF3(CF,);CH,=CH, XUEE N AL 19 77 ) 3 3 L 43 51 2R 99.99% il 99.96%, [F] A1k B
XU o8 32 B A S AL A, RUEE N (3d, 4d) F(5d, 6d) B2 v 38 38 Y kg (B3 5110 3.76 x 1071
cm’® -molecule '-s™' 1 4.00 x 107" cm®-molecule s, WiBl—CF, F1—CH, X} ko BYFZH /N AHAS T B /Y
J&, -OH Ji 3] CF5(CF,);CH,=CH, XU A [AI7 B i, H ko MERF B2 AR, Se 1Y ko A (1.74 x
107" cm® molecule™-s™) Bl i = T 4e (7.76 x 107 cm® molecule'-s™) Fil 6 (2.04 x 107" cm® molecule's™)
SV IE . Se Jz 38 1 7P 0 3R 94.62%, X #2 B -OH B %5 5 5 CF5(CF,);,CH,=CH, VA Se [ & i
IR G 3 de, Se Fil 6e B JE A R, -OH 76 B #2 v, W RESZ Bk [ F R 25 [l fH
)52 ).

JH @c @ IF

4e

0.205 L4 0.223

B 3 -OH ‘5 CF5(CF,),CH=CH, S )i {3 J¥ 254544 (HF 25 B0 0 nm)
Fig.3 Transition-state geometries for the reaction of -OH with CF;(CF,);CH=CH, ( The unit of distance is nm)

3 %58 (Conclusions)

AHFFELL 5 A~ HFCs, HFOs 1 koy SCMMEVE RS BR, I\ 16 Fh S RETTHE 5 f 2 Fpsh 12435307
P i iE A& HFCs Fl HFOs 1Y koy fHBYF T 228 1 2808 . LA MAE 1R 6 S H55 07 v
OB B bR AE, HFCs HEFE T kg 18 1E TST 454 M06-2X-D3/def2-TZVP//M06-2X/cc-pVDZ 75 38 kows
HFOs #E#18 F kw 15 1F TST 454 M06-2X-D3/aug-cc-pVTZ/MO6-2X/cc-pVDZ J7 T ko HEFE1H
Ks 1B 1F TST J5 1 45 4 19 M06-2X-D3/aug-cc-pVTZ//M06-2X/cc-pVDZ 5 M06-2X-D3/jul-cc-pVTZ/M06-
2X/cc-pVDZ J5 #1158 HFCs. HFOs [ koy. MCAH 580 28 118 H 73158 HFCs Fl HFOs [ ko 1H 1Y & F
2205, e, HER TN HECs Al HFOs FY kop AT H KA RF AR AL T 7k S0 .
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