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Synthesis of Polythioimides via Esterification and Sulfur-Oxygen Exchange
Reaction of Hydroxyl-containing Polyimides
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(College of Textile Science and Engineering, Wuyi University, Jiangmen 529020)

Abstract Sulfur-containing polymers possess unique physicochemical properties and diverse functionalities,
making them promising candidates for applications in thermal protection, membrane separation, and precious
metal recovery. Polythioimides, as a new class of sulfur-containing polymers, feature rigid molecular backbones and
distinctive thioimide repeating units, and are expected to exhibit both excellent performance and rich
functionalities. However, conventional synthetic methods are inadequate for the efficient preparation of high-
molecular-weight polythioimides. In this work, we proposed a combined strategy of side-chain esterification and
homogeneous sulfur-oxygen exchange reaction. A hydroxyl-containing soluble polyimide was used as the
precursor, and low-polarity alkyl chains were introduced onto the side chains through esterification to improve the
polymer solubility in weakly polar solvents such as p-xylene. Subsequently, Lawesson’s reagent was employed as
the thionation agent to achieve the quantitative conversion of C=O0O to C=S within the imide rings under
homogeneous conditions, affording polythioimides. Fourier transform infrared (FTIR) spectroscopy, nuclear
magnetic resonance (NMR) spectroscopy, and X-ray photoelectron spectroscopy (XPS) characterizations
confirmed the occurrence of near-quantitative sulfur-oxygen exchange. The resulting polythioimides exhibited
good solution processability, and the glass transition temperature of the obtained films reached 230.1 °C.
Moreover, the polythioimides displayed excellent adsorption selectivity (removal efficiency: 83.6%-99.7%)
toward Au’*, Pd>* and Pt*', as well as in situ reduction capability, enabling the formation of metal nanoparticles
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with small dimensions (2-4 nm). This work expands the synthetic methodology for polythioimides and offers new

insights into the synthesis and functionalization of high-performance functional polymers.

Keywords Polyimide; Polythioimide; Sulfur-oxygen exchange reaction; Precious metal adsorption

SR WikEE, RUL, B, HAL5, sk, 50, T . i 1% PR SRt U e 1) T A 5 8 LSS 8 S 4
R BB TS . &2 F F 4R, doi: 10.11777/j.issn1000-3304.2026.26233.

Citation: Meng, Y. H.; Wu, J.; Chen, S. Y.; Tian, L. Y.; Zhang, Y. F.; Wu, Y. C.; Gan, F. Synthesis of
polythioimides via esterification and sulfur-oxygen exchange reaction of hydroxyl-containing polyimides. Acta
Polymerica Sinica (in Chinese), doi: 10.11777/j.1ssn1000-3304.2026.26233.

MBSV - FREBENRE RS TR,
KEE. e, HAPRORmEE. REAEER
1Rl ORGSR B S AR R AR )
FHO2L S50 A VI D e 22 R PR IR T 0 R ARE (1
PIEAL T, TR B AR R BT B
HIR AL R DL B R IR RS, X L Py 7E R A
HBORT T R G W) 2 H IR Ok 245 40 el B
U, BRI EE R T 5 EE(R=7.9 em?/mol )izt i T4
JiF(1.6 cm¥mol), %7 Lorentz-Lorenz 772, 43
FINEEVTA BT EHOHOE RS, AR T
REWEIT R rEe: Han, BmAAHREEC=S)1EN
SR OB, T AR BR(HSAB)#i8, 7]
SEPLHRIR B 51 4R 25 T (AuP*y Pd> . P55 ik
PEVEBCATIRPHSY, oAb, THREE. BRESHESE L H H
AahALMERE, TR TRAEMAEBE. TR
fift. &N EUEE TS, B TS MEASMEE W
ThEEMERIT RN AT, SRR S ST
W5 G BROT IR R O8N i 4 T R A ) 2 2
587 18] .

£ BT VB BT A2 1) 4% T B i SR A ) O
HAEl, SRSV EES S O R R B 46
R, HAERE. NE. ETFREBKES LSRR
HILRBENMZ o R H, DEbas =
ARG T ) 4% TR TR AR IR (1 28 HL 48 5 s i
Tl APl FFIRRAFI AT BRAR P B S5
PRI SEEL > 5 S5 F RS HE R 000, T BLRER Bt
PRSI R ST B 2R ARG G
PRER, PP i s (AT IA 50%~90%) 6 45 ¥
Gy SR 1T RO I AR R T ST AR 02l ghdh,
F ZBRAAR (CS) 3L 58 DA il i SR & W e 18 1 45 7
% WE—SEE T EmE s FEgEsE, H
PR T A G T AR R B Th R i o T 1 e 8
FRAE1, FR AN I RE S R R AW T K B
BT EEE R, IR E T a2 A S T
BE RV FH ¥

BB ACHE I J% (polythioimide), J& — JS 47k 1)
RS, HoT X8 EA S ENIER S L1
AR B A B S oG, #e B e R R
R RE R & I ThaetE . R, SAMESmES
VISR, AT ZeIR 2546 1 S AR I e M DAk
FITEA . B RS AT, DASR I % A i 3%
M, R B A TR AR T B N R T, A
¢ SR B AR I i ) — 25 T AT i A2 (B 1a). X — L%
CE N TR G E PR BI50IE, 55 AR
FIREMS /A . R WERRSE N A& i Bk
(C=0)RAITEBMBALZ DL, FAIRA
F(C=S)UeT SRTf, S T+ 73 1 5 0 2R i i
5, HEEERNIEH S PR R, ¥R
SEPER,  RIAE R 291 2 T SE IR = AR B A A R
AT TG SRR

AR R I, TRV e 5 57 ARl 2 [A]
(R AR AN T T 2 G M DL IR ATt 4 A2 i s 0 P O
DRI ZRUS)L, BRI 5, e 1t e 2R e I il o 300 T —
FH D T8 IV fl - IN- P b gt I 52 2 AR 2 S ol 7
A, TS AR TR AR F R SRR VA R R
AU UL, T I R T R R A R O 2238 10
T, B NAR R EIEMRE, FEERAE K
R DA BEAT . BRI, S SR I i 15 55 AR )
TEIEFIR R A RS, FEAREE L IR 1) ) B A
22, SR S AR ST e s L) S L R HA A
CLE BHUSY, 368 o 0] B e Tk e 5 e T i R R T T fe 72
TR A RO A, DT SIS SR A
A B SR, AFN—FH & s, 2RI AETT
e LR EAVE R, RERRANIE N 2 AT e
eE TR Rz —, HAA S AR 2 T R
RElgSCIIX — B AR, M= RERE.

EExbt, it — D4 e SRR A T V2
5, AT DA R W O AT IR, SR T
— Pl G M B R e S A A 4 S B SRS
e R (B 1b). Bficoh: Eok, DA



WS T

Ak 3

(a) Proposed strategy: direct sulfur-oxygen exchange from polyimide to polythioimide
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(b) This work: esterification-assisted conversion of polyimide to polythioimide

Etherification

rcagcnt
N Ar 1 —ArZJ\J—>v* Arl NfArZJ\J

Hydroxyl-containing polyimides

Lawesson’s

;>|Ar 1 |<:NA1F2J\J

S AN oAy

Novel polythioimide

‘3

Fig. 1 (a) Idealized sulfur-oxygen exchange route for polyimide and (b) the combined esterification and sulfur-oxygen exchange

strategy proposed in this work.
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(a) Synthesis of hydroxyl-containing polyimide
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(b) Esterification reaction of hydroxyl containing polyimide

PI-OH

rt, 12h

(c) Sulfur oxygen exchange reaction of designed polyimide
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Fig. 2 (a) Synthesis of polyimide (PI-OH); (b) Esterification of PI-OH to PI-Oc; (c) Sulfur-oxygen exchange reaction of PI-Oc.
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Fig. 3 (a) FTIR spectra and (b) 'H-NMR spectra of PI-OH and PI-Oc.
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Table 1 Hansen solubility parameters of polymers and related

solvents.
Entry 04 Sy On So'lubility
(MPa'?)  (MPa'?)  (MPa'?) in PX

PI-OH 18.7 5.0 32 -
PI-Oc 17.9 2.0 2.1 ++
PTI-Oc 18.4 59 3.9 ++
DMSO 18.4 16.4 10.2
CHCl, 17.0 7.4 7.1

P-xylene 17.8 1.0 3.1

Toluene 18.0 1.4 2.0

Benzene 18.4 0.0 2.0
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Fig. 4 (a) FTIR spectra, (b) 3C-NMR spectra, and (¢) XPS spectra of PI-Oc and PTI-Oc.
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Table 2 Solubility of the polymers obtained in this work in common organic solvents.

Polymer 1 2 3 4 5 6 7 8 9 10 11 12
PI-OH - - ++ ++ ++ ++ ++ + - - - -
PI-Oc - - + ++ ++ ++ ++ ++ ++ - ++ ++

PTI-Oc - - + ++ ++ ++ ++ ++ ++ - ++ ++

1: EtOH; 2: MeOH; 3: DMSO; 4: NMP; 5: DMAc; 6: DMF; 7: m-cresol; 8: CH,Cl,; 9: CHCl;; 10: acetone; 11: p-xylene; 12: toluene.
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Fig. 5 (a) Photographs of polymer films visible light and UV irradiation (365 nm); (b) Fluorescence spectra, (c) XRD patterns, and

(d) temperature dependence of DMA loss tangent (tano).
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Fig. 6 (a) Comparison of Au’* adsorption performance among PI-OH, PI-Oc, and PTI-Oc; (b) Adsorption performance of PTI-Oc
toward various metal ions (Au*, Pd?*, Pt*, Co?*, Cr**, Ni*¥, Fe?*, Cu?").
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Fig. 7 High-resolution XPS spectra of PTI-Oc after adsorption of Pd*", Au3", and Pt*": (al-a3) Pd 3d, S 2p, and N 1s spectra;
(b1-b3) Au 4f, S 2p, and N 1s spectra; (c1-c3) Pt 4f, S 2p, and N 1s spectra.
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10 nm

Fig. 8 TEM images and lattice spacings of the metal nanoparticles formed by PTI-Oc after adsorption-reduction of Pd?** (al, a2),

Au’" (b1, b2), and Pt* (c1, c2).
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(a) Proposed strategy: direct sulfur-oxygen exchange from polyimide to polythioimide
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(b) This work: esterification-assisted conversion of polyimide to polythioimide
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O Novel polythioimide with a high T}, of 230.1 °C, adsorption selectivity toward Au3*, Pd?*, and Pt+*,
and in situ reduction capability for the formation of metal nanoparticles.




