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Sulfur-sulfur bond plays an important role in tertiary struc-
ture of polypeptides and proteins. Disulfide compounds
(RSSR, R= alkyl and aryl) behave as a radiation protection
agent in biological systems as well as cystine and related
compounds. Pulse radiolysis studies of these compounds
in aqueous solution have been focused on the formation
and decay of the transient disulfide radical anion (RSSR*~)
with a characteristic optical absorption in the visible wave-
length region. Decay processes of radical ions are named
as ‘mesolysis’ where two mechanisms are proposed: Con-
certed and stepwise. In our research, by means of pulsed
electron radiolysis of aromatic disulfides in organic sol-
vents, optical spectroscopic and kinetic approaches were
caried out to unveil the mechanism and the chemical fea-
tures of the mesolysis processes.

Keywords: pulsed electron radiolysis, transient absorp-
tion spectroscopy, diaryldisulfide, quantum chemical cal-

culation
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LTIPANET=F U DFHET 2BBEN (stepwise)
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AB + e A- + B
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Scheme 1. Two mesolysis mechanisms

on one-electron reductive decomposition
of AB. Reproduced from Ref. 38) with
permission from the PCCP Owner Soci-
eties.

SRS IR

=MeO (MeOSSOMe)

NpSSNp x1 =X,=CN (NCSSCN)
=MeO, X, =CN (MeOSSCN)
Figure 1. Molecular structures and abbrevia-

tions of diaryldisulfides used in this work.

32

CFI7FNTANT 4 FEHNCHRET S, BETIEE
TG X OB TRZAMOBEREZ ZEB LY 7 =
SVPRANT 4 FEDO XYY > AR OFERRRE R
L, XV UTRICL D S-S & EEE DAY
IZOWTRHT 5.

2 B

W72 7 VNP AN T 4 POl & W%
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Figure 2. (a) Absorption spectra upon anneal-

ing from 77 K to 100 K after y-radiolysis of
a MTHEF rigid glass of NpSSNp for 30 min at
77 K. (b) Transient absorption spectra observed
at 50 ns (1), 100 ns (2), 500 ns (3) and 1 ps (4)
after an electron pulse during the pulse radiol-
ysis of NpSSNp in DMF at 293 K. (c) A ref-
erence absorption spectrum of NpS*® in acetoni-
trile. Reprinted with permission from Ref. 34).
Copyright 2024 American Chemical Society.
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Figure 2(a) Tl 77 K 26 7 d % 12241 T 540 nm
RIS B N S . 2 ORI X =R TE OV
ARG 50 ns #2102 BN S 7z (Fig. 2(b)). RIGE (1)
BLY Q) IZhEV, Z OWINAIZ NpSSNp D 7 ¥ AL
7 =4 ¥ (NpSSNp*~) & [HE Z41%. NpSSNp*~ D
MZIY (% 293 K T 2.3 x 10° s™! O ETHIET 2 — 17,
450 nm FHEDWKINAS 2.3 x 100 5! DHEEETHRM L 72,
Figure 2(b) 178 3 TH SV ZHHGT 1 ps B DML R
X7 MWL, Fg. 200 WRTF7FAFANT AL
DRI —F L7z, DA EOBIHIK D, NpSSNp O—
FIICHOGIZ & D ZERK L 72 NpSSNp*~ & S-S #&5 & D fif
WAL, F7FAFANLITHALEF7IL VT
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Figure 3. Arrhenius plots of the decay rates,
kq of NpSSNp*~ obtained during the pulse radi-
olysis of NpSSNp in MTHF in the temperature
range of 160 K-293 K. Reprinted with permis-
sion from Ref. 34). Copyright 2024 American
Chemical Society.

%118 5 (2024)
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WCTHEITT B2 EBbhotz,

NpSSNp*~ DIRE DML kg 2 160 K 25 293 K D
MR CIRE L, 7V =7 Af@HT %2 1T > 7. Figure 3
kg D7 L= A70y F2RT, 70y FIIERR
ZIRLIDTh 13X Q) ZHOTEI NS,

Inkg = InA — AE,(RT)™" 3)

ZZTA L AE, IZ NpSSNp*~ O S-S #5 & o R4 %
L EOHERT Gt V¥ —2R Y, ey b
DRTEMOYUIA EHED» S AE, & A DIEIZZNZ
1 1.8kcalmol™ BLUW3.4x107s7! LESI NI,

PANT 4 FDTITZANT = D S-S fEEHREEC
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KT ¥ v )b AERY 1X NpSSNp*~ D S-S #& £ fid i —
F )V ¥ — (bond dissociation energy, BDERA) % HI\»C
K@ DE—AXRT YL TRIND,

AERA = BDERA(1 — exp(—B(r — 1e)))* “)

[a—
(=)
L

AE* / keal mol™
w

=
-

00 05 10

r / nm

Figure 4. An energy profile for the S-S bond
cleavage in NpSSNp*~ as a function of the S-S
bond distance, r. The solid curve was drawn by
eq. (3) using BDERA = 6.7 kcal mol™! and 8 =
12.8 nm~!. The data points (e) refer to the cor-
responding stationary-point calculations at the
B3PLYP/6-31G(d) level. Reprinted with per-
mission from Ref. 34). Copyright 2024 Ameri-
can Chemical Society.
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Scheme 2. Plausible mesolytic processes of MeOSSCN radical anion.
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D AH; 2GR L, & (5) )% & NpSSNp*~ @
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fili (6.7 kcal mol™!) (Z3T\>,
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Figure 5. Transient absorption spectra at
500 ns upon pulsed-electron radiolysis of
MeOSSOMe (a), NCSSCN (b) and MeOSSCN
(¢) in MTHF at 295 K. Reproduced from
Ref. 38) with permission from the PCCP Owner
Societies.
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Figure 6. Absorption spectral changes upon annealing from 77 K (black line) to 100 K (blue line)

via the intermediate temperature (red line) after y-ray irradiation of MTHF solution of MeOSSOMe (a),
CNCSSCN (c) and MeOSSCN (e) at 77 K. Transient absorption spectra upon pulsed-electron radiolysis
of MTHEF solution of MeOSSOMe at 200 K (b), NCSSCN at 180 K (d) and MeOSSCN (f) at 180 K. The
insets are temporal absorbance change for the corresponding radical anion of MeOSSOMe at 440 nm
(b), CNCSSCN at 490 nm (d) and MeOSSCN at 420 nm (f). Reproduced from Ref. 38) with permission

from the PCCP Owner Societies.

Table 1.

Arrhenius parameters for the mesolysis processes, bond dissociation energies (BDE), the S-S

bond length, and charge distribution on S atoms in XSSX*~. Reproduced from Ref. 38) with permission

from the PCCP Owner Societies.

XSSX*- Afs™! AEfkcal mol™!  BDERA/kcalmol™' S-S Bond Length /nm  Charge Distribution
St S,

MeOSSOMe 1.1x 108 2.6 6.8 0.3053 —-0.400 -0.399

NCSSCN 3.4 %107 1.1 18.8 0.2949 -0.314 -0.311

MeOCSSCN 5.5 % 10'2 4.8 2.52(25.5)¢ 0.3024 -0.319 —-0.397

a) The index of S atom for MeOSSOMe and NCSSCN is alterative, and that for MeOSSCN is as shown in Fig. 1
b) BDE for forming MeOS*®/ NCS™ pair.
¢) BDE for forming MeOS™/ NCS* pair.
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CAHNTH D ERNTES, DF D MeOSSCN*~ D X
V') > A% Scheme 2 TR L 7230 (6) IZfEH 2 LD
N7z,
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BRSOV A RS L 7B X N 2 RINA R 7 b V2L
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(Fig. 5 2Z2M) IcBATT 2. 77K TBIllI 7
WA RZ FVIET7 22V F AN TP ANEERD K
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SCHANT A VST 2 NFANT Y H I GELERE
DWINA XY FUAELT 20BN S, I
5DEMD S X1SSX, I AN T =AY (X4SSX,*7)
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Figure 7. Arrhenius plots of the decay rates,
kq, for the radical anion of MeOSSOMe (a),
CNCSSCN (b), and MeOSSCN (c).
duced from Ref. 38) with permission from the
PCCP Owner Societies.
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