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The degradation of greenhouse gas sulfur hexafluoride by
triphenylphosphine under electrochemical conditions

ZHAO Yue' ZHU Shan' MA Fengxiang' ZHU Feng' CAO Jun' HANG Chen'

ZHANG Lijiao® CHEN Yifeng®  XIE Langui® ™
(1. State Grid Anhui Electric Power Research Institute, Hefei, 230601, China; 2. School of Chemistry and Materials Science,
Nanjing Normal University, Nanjing, 210023, China)

Abstract Sulfur hexafluoride (SF¢) is one of the greenhouse gases, and is highly stable, almost
impossible to be degraded naturally. Developed processes for the degradation of SFy generally
require extremely high temperature and pressure, which result in high cost, and the products of
degradation contain toxic and corrosive gases. This investigation shows that utilizing electrochemical
conditions, SF¢ could react with triphenylphosphine (Ph;P) efficiently under atmospheric pressure
and ambient temperature, thus achieving its degradation. By detailed studies on the electrochemical
reaction system and the isolated products, final products of the reaction have been confirmed as
triphenylphosphine oxide (Ph;P=0) and triphenylphosphine sulfide (PPh;=S), which are raw
materials in organic synthesis.

Keywords sulfur hexafluoride, electrochemistry, degradation.
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[, SFq 4> F 2 1E /T R A 78, FLAR— VR 5 e e, 2 —FPPE AR | e L B SR B A 1) TR == S0,
H 4Bk T T BE1H (Global Warming Potential, GWP) =ik 24300, 75 S A 9 F iy il 3k 3200 41, itk Y
FI KA 1 kg SFe #0224 T2 243 t CO,. 2Bk KRS SFg IEFEA W SR, Hk B C 2 M\ 1994 4E (1
3.67x10° g-L™" [+ 5] 2020 4/ 10.5%107° gL', 177 H3X A F0E 340 76 A 45 1l 1 T+ 4, A G A i 92 3=
B, B AT Mk A2 SFe AU Y 32 220l A 32 R R0 = B HEBOUR . TS BV 2 R ML X 2 2 R 2R #
SFy T 2 0N () A0 1 7 5 1, 4R MR T 8 ) SFe 7= A 19 24 f i HE I 2 19 2R B8 F 2011 4F DAk,
SFe 1 ARV HECBR (B 2 289 FR ) A AR 4 % B 25 25 5 1 10%, I ELIZ BRI E B4R Il b 1%, Ak, 172
U E 22 FF IR KT SFg AR BTN, LAZO0R Al 92 HEC®. B, i SFg 2 Ak 24, /> SFg AR HE
JC, %o T A 1R SR = SRR H s B T X Rl A S AR Y T RS R RIS R B IR A
SFe MR 2 4 Y HE C) 38 76 JE BEOL TN X — (Al R, B AR I T % SF S MRISHE R A S 52

Hodr, BB R B4R R SFg RS TCE LA FRER (L 7RI 45 (0 . B AT, Ff SFe I iEA
SRTTSE IR | W Btk S | SRR | RS | SR TR, R B AR SR
JO7 FH o i R — e A B AL, n AR [ R P 32, — P 0 AR T i e o0 3 4 h 19 SF AR
O 48 2 6% SR P 2% B (HE— B R R A KT 50 7 AR, 4 i &, L e
Wheke B IR SFg SR BT AR ELEE AT, T ZLlE 4T — R A I A A B T ml F ) FH 5 W B vk o &5 1)
FEFERG | RERA L WAL 6 MR SR AN KA 45 L R T B R A R B SF UM, 1B HREAE T/
It SFg AR, XU EE . KA SFe JoTt Al it P 7A 75 B = AU TRLEE, SFg 7E 1100 °C DL I 9 il 4518
AR A I3 il BRI, XT3 28 1SR o 5 DGR AR M #E SFe M RIACS, H B HTE JF & M7k
F R FRE A VLA Y0 1 2 Fe 4k, 0 fE = Y Wagenknecht B2 38 T 7E 365 nm 45 7h Al
520 nm GOGAILFEERTT, L N-AE My BBV Ry AR AR A VE AR B i SRR AEAL ), S0 17X 3)
PR Ko s A 1 L R B Ak 2 17, S B 21, P2 3R AR (30%—40% ), HALFR T o-F LK 2@ RS
Yy, WA BR. 5 E 1Y Jaminson 51 DUKS TN REEE N IEY), #5 ( LED AT RMOGIE, (4.4 RUT 36-2,2"- Bk i
WE ) R [(2-ME e ) ZREE 18K () 75 FUBs R 46 e & 0 Ry e A, 20T SR 14 h AT SF B AR, I 58
BT Aot 7 O KT s AT T %) 8 4R TRU A5 e T AR A 2 P A R 75 A s T B BE N A R I 3 v 0 i, I
TR REFER K, H BB XTI VR B Y SFe 1E FH, G Xu S5 AF 58 T ML 975 VR 7 &5 i (600—700 °C) Xf
SF, MR AR T, Jorh SF (408 FH YR BE Sl 29—174 mg-L "0 45 g - fAk vk 2 H BT A% SFe 80T 19 77 15,
{E R 55 S T A A PRSBSOS, SRE S N T R AR

i, 38 2o F Ak 2% 7 B A SF O RIFFE I8 i AR 2 L2 2 A SCR R LA 22 7 vk, R IR TE T,
DA =R 0 Ry SO IR SF g AT ik, 15R) UAR R R REARR; P AE A 2 S8 T LAJREIST ] | o 5 Al 38 %F
IS IACHR SRS T RE AR . AS T AT 2200 R A 75 00 & Jm AL ), BLREAR S 09 =9 Ak TR, o S
P72, A BB AU s i, A B T A RA A Tk, D3R IT Sl AR SR 52 i 2 b 23 11 DR 35 LA R S s 1Y)
AREMLEIEAT T — R AR,

1 g@g’ﬁ%ﬁﬁj&(]ﬂxperimental section)

1.1 #hk

B S G %E R F s 2l B, ELAR 2.5 mm; A i 2 UV B, AR 1.2 mm; 8 mL 37 B 3% 5 0%
FIT0 23 0, ) 47
1.2 Hfb2ede s

PSR B L 95 4120 85C1-A BLRE XL 20 mA, A0 F) 5 (UNI-T) %5 (5. v A% B v] B ik s v
JR =381 UTP3303 [0—32 V, 0—3 A].
1.3 ortrimi #%

{ii F§ Bruker Avance 400 spectrometer [ # (400 MHz) X} 'H NMR, *C NMR, *'P NMR FI'"’F NMR i
A3 A2 . 052 R B R R, VR R AR ST (CDCLy) , AL 24 67 % 2 %l 'H NMR, CHCL; 7 7.26 ppm;
3C NMR, CHCl; A 77.0 ppm. i J1] Agilent 8860-5977B %I AH (23 /5 33 Bk FH AL (GC-MS) % AH X437
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I, MR R 300 °C, 5 HPLC ¢ H iz
1.4 LRk

TEREAT R S PE 709 8 mL RSB AIA 131.1 mg (0.5 mmol) =4 5L (PPh;) . 329.3 mg (1.0 mmol)
F g 5 DU T 35 Y S PR 44 ("BugNBF ) A1 5 mL PU S PRI (THF) , 1R A5 JE B = 28 55 9 RN O T 32 pd Je i
PR A% WV T, o5 L RE RIS, FE K BE 200 12 em 445 i R 3 0o R 26 48 - b 3 A RE A T A
SFe MR SRSV WA TE, F-5E 5 min J5, DA IE M, e Ry St e AR TR, FH PR 30 2 4 o Pl
TR/, TR HEAT AR SO, S ik 72 rp B2 3% (TLC) #E A7 M. 7 28 50T B G T (365 nm),
A LAWER B TLC (a3 b W — 2R B B A 50 s T 2, IR AERR M3 R DX B ™= ) B 9 i R
7 58 JE DA H TR, 1) SRV A S mL BRI R B WO Ak S i P K A% 2 b, FH 30 mL AR RS Ak
VS R B S TR B, LR U8R (3 mLx 15 mL) A HL, A HL)ZZead TosK NaSO, T4, 1 U8, WE R L1
G HATHE RN (RERCAE, A Mk A £ R R TR A WSS 380 45 274, 4393 0.5 mL SRS 05 i i
2510 mg W), IR BAAREE , VOB ALREIIRISR A R 40, XTRE S HEA T 3 TR A A8

2 5B 5308 (Results and discussion)

2.1 YR RAE
2.1.1  =IRFELAE AL
SR ) 53 5 72 0 B o 2R, AT 1 TR, — o e e = RIS SFy I OT R 4 A Y
Y. R ORI (PhaPF, ), &) & A K it i Ak R e e 1) = R L S8 AL B (PPhs=0) 7= 4.
Zn(+)/Sn(-), Et;N

Zn+3PPhy+SF, Ph;P=S+2Ph;PF,+ZnF,
THF, "BuNBF, : :

PhsPF, Hydrolysis

Ph;P=0

B 1 Al SFe SIL )
Fig.1 Electrochemical degradation of SF¢ and the products

&1 2 4300 2 77 ) — 2R B A AR A% 2R 4R & k. B, 'H NMR (400 MHz, CDCl3) § 7.70-7.60
(m, 6H), 7.54-7.48 (m, 3H), 7.47-7.40 (m, 6H) ppm. *C NMR (101 MHz, CDCl;) & 132.9, 132.0 (d, Jop =
11.1 Hz), 131.8 (d, Jop = 4.0 Hz), 128.4 (d, Jp = 12.1 Hz) ppm. *'P NMR (162 MHz, CDCl;) & 29.2 ppm.

I AR £ 335 5 335 K A (GC-MS) X = 28 35 80 A0 I 7= W A & o A, A D00 1) JHG AR 6 43+ 8 R
278.1 g'mol™!, 5B AHAT.
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B2 SRREEBE R RR S (a) | B (b) | B (o)
Fig.2 'HNMR (a), ®C NMR (b),*'P NMR (c) of triphenylphosphine oxide
212 =RENEm
JIE ) o5 — 3R a3 7= i = ORI S SFe BT R 45 A 0 m: — R AR (PPhy=S) . &l 3 4351
) = R R AR R LR AL B . BERE. 'H NMR (400 MHz, CDCl;) 6 7.78-7.67 (m, 6H), 7.55-7.46
(m, 3H), 7.46-7.38 (m, 6H) ppm. °C NMR (101 MHz, CDCl;) 6 132.7 (d, Jop = 84.8 Hz), 132.1 (d, Jop =
11.1 Hz), 131.4 (d, Jop=3.0 Hz), 128.4 (d, Jop = 11.1 Hz) ppm. *'P NMR (162 MHz, CDCl;) 6 43.3 ppm.
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(b)
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B3 =3RRI IR AT (a) | BRI (b) | B (o)
Fig.3 'HNMR (a), ®C NMR (b),*'P NMR (c) of triphenylphosphine sulfide
FIF GC-MS Xif = LB 7 Wy A it EA T 3 A, A0 ) AR X 23 7 B o 294.1 grmol ™, 5 BB ME
FAAF.
22 FALECRRIAL
BEX =R 0 AR BT W5 B Al 7 W o = R BRI R = R AL I (e W), o =
AT B =R I B 25 B AL AR SIS SR, i I A R AR B | SN B, LA R S g I [ A5
Xof N B RCR AR A 2 E B s . AR A R AN 2 1 R, LA R A B A DY T VR K B ("BuyNBr) 5 U T
FE AL 2 ("BuyNF) # AN RE (5 — 48 i Jjh e A6 % Ak VO S0k IR (THF ) 2 500 4 3 10 SR 14 322 Fa Ak 2
I8 5 FELIAL A 10 mA i, Sz o7 Al ik B4 AT T 280K,
Zn(+)/Sn(=), BN

Zn + 3PPh; + SFs Ph;P = S 4+ 2Ph;P = O+ ZnF,

"BuNBFj4, THF, then hydrolysis

F1 RN
Table 1 Optimization of the conditions
#%H LA WA WEE/R HUE mA P(S)Phy/™ 4/ % P(0)Phy/™ %/ % BPEFR %
Entry  Electrolyte  Solvent Time Current Yield of PPh;=S Yield of PPh;=0 Overall yield
1 "Bu,NBr THF 8 10 0 0 0
2 "BuyNF THF 8 10 0 0 0

3 "BuyNPFg THF 8 10 23 45 68
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%H HLfPE 5T R OBHAE/h EH/ mA P(S)Phs=%/ % P(O)Phsf=2/ % TR %
Entry  Electrolyte  Solvent Time Current Yield of PPh;=S Yield of PPh;=0 Overall yield

4 "Bu,;NBF, THF 8 10 15 66 81

5 "BuyNBF, DCM 8 10 0 0 0

6 "Buy;NBF, THF 10 5 15 45 60

7 "Bu,NBF, THF 4 15 18 60 78

8 "BuyNBF, THF 8 10 20 49 69

9 "Buy,NBF, THF 8 10 15 55 70

2.3 N LA

AR DA 1 SEB 25 5L, FRATD0 R B MLBREA T HEI. 1 28, 7S ARBR 5 = R SR R N, ik TLC Wil
R LN ) — R B T ke 8 A TH A6 AR FL AL OB R R v VAR B T — e e, L E AR R A B
THFE (et 45 1F B e B B A8 Ak IOV AT 2.5630 g, SOV S 2.5520 ), #1225 107 Al B 26 4k BH % 1)
FL AR S L. A P AR S T 3 0 i A P AN ] 1 T 8 7 0, A i PR it A L 85 4 4 ol Ry — R B S AL i A =
REEREDR. 256 O A R T NTALIAE . A A 4000 T & AR e AL 0 mT REAIL I 01322, X532 )N 1) W] e D
FEUEAT T HE S B R 5 S TR & A2 SR, IEMR AR AR 25 172k VR 1, AN kA fS 21 i1
AR VU SR AL BRI R B0 B, B S T 5 U B T4 B A R B JE LR, B S DU SRR 5 — R S
O BN, 08 L2 A oAy = 2 R Bl R R = 2 SRl /I Aot i o Iy YR A% o S 7 JL RS Ak 2% 051 82 24 F NMR
(376 MHz, CD;CN) § -38.10 (d, J = 655.6 Hz) ppm, 5 3CHR#iE —3"21), Horp, o =R EREATRE 4
K AR5 Ak R 247 ) = R B AL .

3 %518 (Conclusion)

(D ZEE R REILIRIEE . GC-MS MR 3BT 7, = R B JRE A A — 0 = R Bl Ay v Al 2 S B 1) 7 4
Forp TR IR FE I AT i KR A R B 2 ) — R SR AR AL

Q) TSN, =R A FAL, Az Bl = PR R IR AR AN — 2RI AL I 0 238 5 R T 38 81%, 51
LT HARSE SR e R N SR B A 8 i

(3) LA SR AR IE | HLUR R/ o FEL SR IR S0 X e A 30 - 23 T 2L B2 W0, 7 WL S5 "BuyNBE,
T THF, FLIRCA 10 mA, =R BEBE A FE AR 55y, 7S SO B O R AP S8R i

7V RERETE HL AL 2 A5 T I ] L 8 2 A 38t 0T 1 R B N SR AR A HEA T A, DTl A £ B2
KA, KRFRAR 1 B AL BRAY I (] JSCAS . ]I, R A 27 5 ¥ T DL a0 — 20 DS B, L e g v ] 7
Wtee A ] o3 B B A AL TISORE, AR b T AR AR O i, AT BT A O34
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