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Abstract

The photothermal organic small molecules have advantages such as controllable structure, easily
tunable properties, and diverse functionalities. In recent years, they have been developed for appli-
cations in the field of solar-driven interface evaporation. Therefore, this paper reviews the research
progress of organic small molecules based on photothermal interface evaporation systems. The mo-
lecular structure characteristics suitable for this system based on the enhanced photothermal con-
version mechanism are introduced. Furthermore, three types of evaporation systems constructed
using organic small molecules including membrane-based, foam-based, and hydrogel-based sys-
tems are analyzed. These systems are further discussed in terms of their potential applications in
seawater desalination, wastewater treatment, and water-electricity cogeneration. Finally, the re-
view concludes by summarizing the current developments and highlighting the challenges that
must be addressed, which aims to provide references and insights for the design and development
of organic small molecule-based interface evaporation systems.
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Figure 1. (a) Schematic illustration of Jablonski diagrams [12], (b) Chemical structure of CR-TPE-T [11]
B 1. (a) FEFMERTEE(12], (b) CR-TPE-T S FLEHE][11]
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Table 1. The photothermal properties of small organic molecules for solar vapor generation
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Figure 2. (a) Structure diagram of janus evaporator, (b) Contact angle images of water on bottom and top of PM6:Y6 cellulose
paper, (c) The photo of self-floating evaporator [21], (d) The photograph of the core-shell fibrous mats, (¢) Schematic diagram
of fiber with core-shell structure and molecular structure [22]
2.(a) Janus R K BREMREE, (b) PM6:Y6 FFHERYRIPFIARAI/KEMARERIR, (o BFRBLRRA121]. )
AHELRA, (o) FEMNBRREHRS FEHREE22]
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R YRS ZR AR R T T O S SRR AER S Hh 3R AR ) e B R I SR R A R MR .
KB A o s R, R HATA NN PR B R AR RGN FER A —. HFEERK
FARML, IR FEE R RGWMF B NS, 72 IEERVE N E 22 S S iR R 2.

PARAEAERAE N ST 2L, AN T RERTE B 22 R IR ZE R R G 4% 07 R E o R mi e
H— R I T HUE S BRI F PE R BRI, BRI AR B L, AR R e A
193050 F AR ZE R A 35 PRI TR RAE A WA, B ARIRIE T R T,
RATE R T IR AR RSt A A BB PUEHK .. =ReE4%. £l
WL FRIFEEOR, ZKRVEREE S, LR —g fEE GG TRE. B, Chen S5Mid¥
afi PU JEARIE CR-TPE-T S Bl i 9F T8, #3245 B 4 PU K (PU + CR-TPE-T) (] 3(a)). 4
CR-TPE-T (68 ELE 0~30 mg If, PU + CR-TPE-T JEIK KW ZZH N, (59738 hnik
MR AR AL . PU + CR-TPE-T LK AT LAZE 60 s IR, X3 015850 B4ke S8 /e - #4777 H %L
(P4 7K . PU+ CR-TPE-T YK 28 K A4S 1 AR PH RS NI R 43°C (1] 3(b)), FH3R1T 87.2%MKBHAE
- PRV R AN 1.272 kgm 2h ! AR ZERGEZR (] 3(0)) [11]. R 5302 K, (HiZAh 7
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Figure 3. (a) Digital photos and SEM images of pure PU and PU + CR-TPE-T foams, (b) The temperature changes of PU and
PU-CR-TPE-T foams floating on water against sunlight irradiation time, (c) Water evaporation curves without (water only)
and with PU foam or PU-CR-TPE-T foam under simulated sunlight [11], (d) Photograph of all-fiber porous cylinder-like foam,
(e) A comparison between the temperature rise recorded from the surface and side of foam upon the vertical and tilted irradi-
ation of the 1 sun for 60 min, (f) The mass loss of water of foam under vertical and tilted irradiation [24]

3. (a) £ PU #0 PU + CR-TPE-T UREIRR F F0 SEM Elf%, (b) RFFE/KEAE) PU F1 PU + CR-TPE-T AAENXRT
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TR I>T MV WV B 2 18] (AR ELAE P3G 0 b 18] K S B R PR AR A P R BE R, AT B R T A8 A 26 JE
T R, ATRIAIHER O 7T 3R LIREE(PVA) B 1O SRR 271, KBTS E
HAG I, AR B TUATTAR BT SR (K] 4(a)). IZAKEER A A 2 N AR (5] 4(b)), RERESLBLIR
KA A AR . 1R 2 FLIM SR G5 SRR B RERII T FIME TR . A /KBRCR B L 3 UK g
T30 RKEUHEAT R 2OCTERAL, BR 7 H BREAESN, B E] P RK AR 4(c)). 2, K
BRI /N T 1400071, BEARTAUKKIZR RS . Rk, SRR, AR, K
P R AR AR AT A [ v BE AR KBEIAE 1A PR IS N R B 3.61~10.07 kgrm >h ! (AL 2K
R (& 4(d)). IFH, A TUENNZINER GG, IO S AT EBE WAL AT E i 26 2 K BeRE,  Lidbt
RHRBUH ST M 28 5 R (K 4(e))o Bz, XTUTARAMGIEN 1 BRI 52 e IRARIE F R B BE 2%
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Figure 4. (a) Photographs of the hydrogels with different 3D configurations. Scale bar: 1 cm, (b) SEM images of the hydrogel,
(c) Raman spectrum with fitting curves showing free water and intermediate water in the hydrogel, (d) The water evaporation
rates of hydrogels with different heights, (¢) Time-dependent mass changes of hydrogels based on PDA, PDI-DMP, PDI-DMA
and PDI-DTMA [27]
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PEBERISRT Y, I8 IL = 4R S5 H RE WS R SR R 28 A T AR S A8 BB A 3R T o i PR 2R e A O 5 W) T 42
AEWITHIFBA K LI, KBRS SRV REWS FRRAR A B8 3R 2R . 2 2 &
457 BT HIVN TR R R GVERE, 8T 34T EEAT 7 o

Table 2. Comparison of evaporation performance of organic small molecule based evaporators
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4.1. \IRWK

M KR AR ROV BN I 55, A Sl A I K SR SR K BRI, 2 = T K
PRIRATER A T PR SERRAE K IRAGEOR, Qi S NI F R EEMR LW EHE T 14 S(a) ke
BT KIRA[28]. I FH R & 25 3 ARSI 2 T I KR AL BT RN KR LSS 4 FIRIZES T Nats
Mg, CaZ Fl KM E . RLMFMHEEKF Naty Mgt Ca> Al KFKRE /254 1.94 x 105, 1.09 x 10°,
8.18x10%, 9.88 x 10°mg-L ™' Mi#hJ5, Na'. Mg, Ca?"fll KWKE /) HIFEMLE 3.0l mg L' 1.62mgL™"\
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Figure 5. (a) Schematic diagram of outdoor water evaporation, (b) Ion concentrations in seawater from the Yellow Sea of
China before and after desalination, (¢) Water mass change curves in 3.5% NaCl solution in five cycles and the digital photos
of the evaporator surface after desalination, (d) Evaporation rate for different salt concentrations under 1 kW-m™ simulated
sunlight irradiation [28]

E 5. (a) AIRTEMKELZNEREREE, (b) BRPEERSRUAENEFRE, (c)3.5% NaCliFRE 5 REL
HRRMKRETUHMERRRERLFRENRA, (0 £ 1 kW-m2 R RE TR EIRE &R R R LR ER28]

4.2. TIKALE

FEIVTRTH 28 R BT 28 SO R /K 5 9 0 0 s s aT F TG K AR B . AR AR G P BRI B . AL
EUTHE . B He . AV BR G AR B R, SR REIMR . BUAMRER . A TINBTE 3, Retd
WS EGEE T BRI VLGB 1K RIS AT A

HE RGP IR A R, HoR, R . B AR ES RS T s K. s Ak
g, Bk, EHESEE T E KT AR L E . Zhao 5 A\ DPP-2T 6 #AF EHR A PVA HE
e DS B 2 LG VR B IR [23 ] BRI A Z A& AR B T R K T b . S5 IR R, &
AR KRB B KTEEEE T(Ag's Zn?' Pb?'. Co®'. Cd*'. Ni*'. Fe*'. Cu*'fl Hg') & & & L,
BT RBRFAIER] 99% LA E(1E 6(a)), KT A DA AUNE M AKARAERRAE . DI, Se R 2% &
FORBE LA MM E SRS T 5.

FRBI R K BA BRI JE e, EAIA B ERAHRL, SRME RN T HEAKAE, Sk
(1) pH {E I s2ma K AE SR AR . DRI, R /K (¥ BB A DG o 5 R FH R T 228 A 4 AR Ak B ol
K, T RAFORIE 2R 28 BA TN BRI DR A0 RE I, BeOSERR IR . SR B AS Mm VEv H OR AR e o FRATT T BAHIT A
G TER 7 FEZ BN TR AR, BARFIEAERE . ik, #KH5 PVA
& HK B & R A T IR K AL BE[27]0 SRR, XS FRAE AN KV RAL B S, vtk HORI
OH IR JZ 2RI T F%, I pH EBEL 7 (& 6(b)), B IEAT WAZH AT BRBR /K AL [FFE A T AT

ekl BK BACRER . AN E RS AEMFEIE R DL SR B il SR i, AR PR AEFE UK.
S 2 R B FIRE AT LU B A HLAR R K BT AT . St b s, A ageRl R KA AT G, WH P
R KA B K AT RSO RS, AT LR A EEAKRE H TLF SIAS 26 LG R R R o a0, kAT
FIF R A KB A RN & A AR . PP B KT, 45 R AR IAC I 5 7KV R RSO B o 3%
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Figure 6. (a) Heavy metal ion removal before and after purification [23], (b) The pH changes of acidic and alkaline aqueous
solutions before and after purification, (¢) The UV-vis absorption spectra of wastewater containing organic dyes before and
after purification [27], (d) Photographs of E. coli, S. aureus, MRSA, and S. epidermidis cultured on agar plate supplemented
with or without TPA-BTDH based evaporator under simulated sunlight for 10 min [24]

6.(a) FUBIEEERBEFIRELN[23], (b) BRWEUKFLAE pH EREX, , (o) SANNEREKFUAIRINE
oh - AR AIE27], (d) FERRMBAX THRSHA . & TPA-BTDH £ FRIZL R 10 min /5, AFHE. £HEHD
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fl A . Bk, TESCILm AR K R 75 5 P 28 R s it Hal, WM SEARB R
BAMNET . B8, R CREEHAGUEYS B ORI REAM BRI ZE R 8 IR E ).
BN A BB [ I S ik e PR R R DG G 4 AV 1P A 7 i, Li 55 NS iH ¥ TPA-BTDH 43
THIRFNFOEE IR E BT 1k, HATREAFEEN TIeESR. KM AR, "The
57 NIE BN 52 BIFR AT BRI, T 7R A VP R RS P R A B R R A . BTG T 4R R AR
FHHRAT T YU FT[24] B KT B R A BREE . S (] 4 BR B R B 480 PG PR 4 3 (o A BR T 4 A
BURIAN B 43 Bl IR B R AR AR R, ERDERRNATPAS TR RSRIIPUETE R W R EIR, 15k
1810 238, FE 99% M4 B AR A0 6(d)). M2, 0 TIERER PR A, Wil mirgn
PRUTBERE 40 B B8, I AN A 7E 28 R 4% LB FOREE, W1 28 R 48 7= AR R AT I DL A= i 5 Yt 70
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AT B FE ATV 5 7K 2 2 SR8 = B BARG K, B AR 5, X R T AN FOLRE R R
Gt BT K A B BUR A FR it — 0 % 50, IbAh, ARKIETFEMARIEN NG FZ e RE, SLI6
AR JelABEfR . Bl IR R REAT, KA ER R A B 55 K T

4.3. JKEEKFE

RO FR 2 SR NI R B = AR B . B IR MU Sk, NE R BB S
I A R GG TS . H AT 5 2 K BB A U S 28 R W Rl 22 e R TG 1 38
b, SCFZFNIK AR 2 6] AN ] 3k G b TV RSl B2 6 82, A B T 2 D1 s RO mT SR I 22 7= L 22 BT 9T LA
F R ML A E T RE R R Z 8], @ik B R MRk S e A H e

BN FICIIEZE R B T DAAE K 2SR R RS BE R AR L. i, Cui S5 AR A A D-A 4544
ANFLHENI P T 15 42 1¥) DDPA-PDN 431347 1 /K LB Al AT MR ERE[16]. W] 7(a)s & (b)), fEk
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Figure 7. (a) Diagram of water-electricity cogeneration device, (b) The top view and side view of water-electricity cogenera-
tion device. (c) Temperature difference between the surface of the DDPA-PDN cellulose paper as well as the water and the
thermoelectric conversion capability under different light intensity [16]
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