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FE B 43 Tl Az 7= o A ALV 700 0 7K 2 T 2 25 BRI 2% 0, 8 R A7 K5 5% W) 5L ) 6 7 R R A ) A
SR e T R R e R R EG S ) R 2 A 4 1 K R S R U R ) s R kR, B U A S
W E e ARG AN 7 vk R R - BRI I TR L i AR AR AR N B A BT R AR AT
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H T CDs 9 % 65 % 7 52 W, T T 4F Fili 824 B 58 % A CDs Pt il s A AL F YK & . WEI Jianfei %
R A T A DR 3 R A 1 SR i A, PR D Y R e R A T B 8 98 0% CDs, B K & Y
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P2 388 3 7K B A5 B 214 9 CDs, B T 9l i B AR A 3 7K d 1.2 046 ~35 04 11 1l P A e G Y T 7 g
(Dimethylformamide, DMF) #1f7K , LOD 24 0.36 %6 ; H1 T CDs BA7 B 1 5 3% 75 AL R0, 5 CDs i 85 i 48 2k
R R AL 5 A I 2 A R U 4R 2% 19 PO B AT U L 7E 026 ~100%4 5 [ P 52 k) DMF o iy K &
Y RS E R CDs 1 98 60 B | & 56 U (57 FAR AR T UL 1 250 €6 28 Ak v ) — A S AR 52 B LI 7R
PR K B 0 S A T (L A A A I PR AR 28 L R T i — B R O T R b ) R, A S A T —
P& 4,556 CDs , K B CDs 78 A [ 7 570 b BLAT R ] A & 6 e R CDs 5t B & S e (37 LA 1 5% 6 77
i = AR FR PN B K 0 B0 7 A 0 A Ak SFe A I AT ALV SR T K

1 I§

1.1 FZH R

FrE R (99.5% ) SR & (99.0%) . B % (Methanol, 99.9%) . Z B (Ethanol, 99.7%) . Z — [ (Ethylene
glycol, EG, 99.0%) . — F 3 H @t % (Dimethylformamide, DMF, 99.9% ) . & Z 5 (Ethyl acetate, 99.5% ) .
4 H Bt (Dichloromethane, DCM, 99.5% ) ¥4 [ 18 2 vd kA (LB B A BRZA B o B AT i R 04 3500
VR JO s iE— 20 el Ak b 38, S50 BT P 2Kl ) 2K R 48 (Heal Force, 1) #i b
1.2 CDsHy#l &

DA 68 IR R DR 2R hy i 90K 1R 30 2o 7K 3R T 4% R 8,98 CDss, HLARERAE S - BRI 0.288 g #7152 R 1 0.600 g Jik
F(FE/RIE R 0.15) F 50 mLBERR A 30 mL /K G Hi bt A5 15 B AR G IR o FF BRI B 25 T 140
18 200 “C1F T A 3.5 h 5 MU , ¥ J) 2 2 IR A5 3 08 & B . n A & B F i 144, 78 28 kHz 25 7F Tl 5
20 min, Bl J5 7£ 10 000 r/min 2545 250 20 min £ BR KPURL AR P24 BT o B EIE WG 0.22 pm i 38 4% , 48
13 CDs W) L BER W, W 4 “Cilt IR AE
1.3 CDsHIRIE

i G B F % 8 8% (Transmission Electron Microscope, TEM) & & 43 ¥ & i& & 1 T W 5% (High
Resolution Transmission Electron Microscope, HRTEM) E% fiff 3% & 5 15 8 8 F & 5% Tecnai G2 F20,
(FEL, 22 [ ) K45 o 2840 n] DLW i3 4 A 48 40 T DL 43 56 56 B 3 TU-1901 (b 52 354, of ) 3145, Al i
K 200~700 nm . K A K SO RE A 2 43 66 BE T F-2700( Hitachi, H 4% ) 3K 45, #40% FN & 5 B 4% 55
5 nm, Y HL 53 4 (Photomultiplier Tube, PMT)HL R 400 Vo 26 % A fifi FH B8] 43 3256 6615 1 Tempro-01
(Horiba, 92 8 ) 345 , 52 A % & 14 B 1 326 1] 407 nm ik o & 5%t — #045 (Light-Emitting Diode, LED) , ¥ 6 1%k
3000,

1.4 AREEFF CDs Bl

B CDs i S BER T 5 mL AR b £ KT S I A A A9 3 570 (L6 K VHVBE L B \EG .DMF . 42 &
fis \DCM) E %, ffi /K 2 N CDs B 7 32.0 pg/ml. ZALES A5 BRI, 35 FH 395 nm 48 4T 18 5 45 31 K []
R CDs B 28 6 I8 F, 261 407 nm ik oh LED 175 CDs £ A [f] %57 b 19 2¢ % 4 iy (506 T80k 3 000) . %
ASEEH K R 407 nm , 15 3] CDs 16 A 7] 3% 577 v 1 % 51635 .

1.5 BHBEF PSRN

S B CEG HoK & A I B CDs By £ B9 W AT I s 700 | 0 v e, [R5 I W h CDs 0k i 2R
32.0 pg/mL, K& B (ELH) 4051 0% .10% .20% .30% .40% .50% .60% .70% .80 % .90 % F1100% . il
TR ST A K B A 400 nm, A FRE I 3K

DMF HrK & B4« B CDs B B W X I3 550 5108 4 % i DMF K IR 5 3 Wi CDs &4k i
6.4 pg/mL, K & (RBLEL) 20908 0% .10% .20% . 30% . 40% .50% .60% .70% .80% .90% 1 100% . il
it SO IS A B D 415 nm, B R RE I S 3 YK

2 FERMITiL

2.1 ZRBRIHCDsHIRA
f CDs 472 4E , 45 B E 1. K 1(a)h CDs B TEM K1% , 1 5 HRTEM K44 . H1 1& A %1 CDs
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Frequency

3 4 5 6 7 8 9 10 11
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(a) TEM image and HRTEM image (inset) of CDs (b) Size distribution histogram of CDs
1000 750

20F —— Abs -===360 nm
- = =3 N 380 nm
1% Em(2, =400 nm) | 800 S S 600} 7,
: - - - Ex(1,,=517 nm) EES
212} 600 £ £ 450
S 8 8 ;4
<08 1400 5 B 300F L7
5 9 SA
0.4 1200 2 2 150 + ///,,.
0.0 . 1 L - L = oL== et il it
200 250 300 350 400 450 500 550 600 650 400 450 500 550 600 650
Wavelength/nm Wavelength/nm
(c) UV-vis absorption (Abs), excitation (Ex) and emission (Em) (d) Emision spectra of CDs at different excitation

spectra of CDs in aqueous solution, the inset is photograph of
CDs under day-light (left) and UV-light (right) at 365 nm

B 1 CDs 7 5 f 0t i & 1
Fig. 1 Morphological and spectroscopic characterization of CDs

TGS — SR BRIE | 3 BOPE R4, FA T M 1 A A% 25 580, RS 8] 5 0.20 nm, 3X 5 47 8548 (100) ~F- T 14 5]
BE dARIE , 32 W CDs BA A1 82424 ™ iy 141 1(b) KA 43 A B 7 K AT, CDs (AL A2 K /NE 3.4~10.6 nm it
FLA 3 R F 8 6.5 nm , A 58 5 9 R F 43

P 1(c) 2 CDs 7K ¥ W58 S0 AT DL WSO % 30 635 A0 & 36635 4 6 S CDs ¥ W 7E H OB 365 nm %
SMOET R o H I 1) T, CDs B /KIS WRAE H OGS IR B (0, 76 58 A6 BT R & Hh & (0 5O, etk
5 A G 4 43591 R 400 nm A1 517 nm. CDs 7E 252 nm . 273 nm Al 410 nm &b A7 76 =AW Wig i, 76 252 nm
273 nm b B W g I T CDs B o>+ BR AT, 5 C=C 84 3¢ 5 7 410 nm &b B W i 19 T n—> o+ BR AT, 3X
5 CDs iy C=0/C=N # 5 F Mk [ A7 5. CDs WSO 5 b Wi e i 1) 07 55 38 % 6 18 b ik 0 1) 67 2 A
XN 3 T R A ELA AR ) B OBCR & vt o S5 80 R 15T 1(e) B SRAE S5 5 5 5 AR S #E 47 %) [, 4 I CDs
e o TA TS, BERE TREVO60 T 4- 5 -1H-MEE If (3, 4-—c Mt mE-1,3,6(2H, 5SH) - =i
(4-hydroxy-1H-pyrrolo [ 3,4-c] pyridine-1,3,6 (2H, 5H) ~trione, HPPT)"', [ 1(d) & CDs £ A [8] 3% £
ASCHOR T B B0 . AR, CDs BAT BUR MOBPE , 24 30 I M 360 nm 28 46 3] 480 nm I, %2 24
W 37 4 AR 509 nm A2 4k 3 536 nm, X FJ g J& CDs R AN 3 — 5k 3 CDs H A AN [R] (19 22 1 il o 3 B0y (AR
TR, 76 360 nm Gk F CDs bR 2 98 G A 7E 450 nm BiE T A7 76 K 5O 0 X n] e Ay FA £ S
KGFH CDs WAFAE I G905 TR
2.2 CDsHJ &L R

4 CDs I TARIE R (K EE B EG .DMF . R ZHBE A DCM) & 3L CDs BA AR 19 & OGRHE
WE 27 o 15 2(a) 5 CDs £ A S8 395 nm Ot BEGS R A W 57 o CDs B9 18 7, ¥ 57 76 B 4 Mk
DMF 4B W EG K LR LT, CDs 9 DCM W i T 96 55 30 BEAT L AL i IR0, T A3 0 A
H LR £ 9% B €4, (HAE 395 nm 6 IR SN A0 & AN [ 36 19 985 , CDs 78 DMEF il & R £ i vh 92Ot i 4%
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3600
——— DMF
3000 — — = Ethanol
Methanol
2400 —.—- EG
Water
1800F /=~ N me=me-- Ethyl acetate

DMF Ethanol Methanol EG  Water Ethyl acetate

1200 |
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Fluorescence intensity/(a.u.)

____
~~~~~~
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; Wavelength/nm
(a) Photograph of CDs under day-light (left) and (b) Emission spectra of CDs in different solvents
UV-light (right) at 395 nm excited at 407 nm
480 492 495 509510513 518
\ —— Ethyl acetate 1000

_ — — -DCM 3 EG
= - - - - DMF
\i — . — FEthanol : Methanol
= Methanol 2 100 ¢ : Ethyl acetate
A I AN S W - — EG 3
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= Water “ !
3 N 10F
3 R :
= N Ry -
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A A . lf =
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(c) Normalized emission spectra of CDs in different (d) Time-resolved fluorescence spectra and fluorescence decay
solvents excited at 407 nm curves of CDs in different solvents excited at 407 nm

B2 SR CDs & k4l
Fig. 2 Luminescence characteristics of CDs in different solvents

O TE O W EEFIEG th o g, 1R K i B 4 (5 0 3 i 300 B0 800 26 100 T A ML RE A “ I AL R,
— P U1 AT T R0 0 A DA R 43 A B A LA

1 2(b) 2y 407 nm G & T CDs 7EA [A) %57 b 19 & 563 o s, CDs 18 DMF w9 986 38 ¥ i
R, R Ol W JEG UK O R CBE A DCM., Kt CDs XU 535 T 6] %5 57 ) & 30 CDs 76 12 £ TR Fil
DCM ¥ W I fifp BE AR, 3 A1 5 SO0k RV 9G8R BERR . 151 2(e) M — A R 55615 , 78 407 nmOGUE T
CDsTER FIEF (K EG B 28 A8 7 (DMF) fEAERAE R FI (DCM L LR L 1R ) 7 19 & 55 1437 43 5]
27518 nm,513 nm 510 nm 509 nm ,495 nm ,492 nm A1 480 nm, CDsKH A F B A AR L eRebE X EE
JE T CDs JH Bl 00 43 7 0 0 st B sl i A 2 & S 8, BT e itk — 2D AR 4T se S 2 A B o s o (™
MRS Lippert-Mataga 5 B, ¥ 5 (B P B, 2B K™ . BiRatb 2 A 3 2o A6 5 & B CDs FE A [R5 77 11
P HF A A HNE L 32 A A A5 PR BR ], 8 407 nm ik v LED il i CDs 8926 % i, 18] 2(d) 2y 407 nm A
N CDs 7 A [R5 50 Hh i B 8] 73 3 ¢ 516 6 i 40 X8 17 B S 005 it 4 o A BT 7S, CDs A8 7K AR B 2 1 36 il e TR
(9¢ 675 it 7 5.29 ns) , HUJE EG(8.64 ns) . 1 B (9.56 ns) \DCM (10.15 ns) . £ B (10.93 ns) . & R £ Tig
(11.22 ns) , CDs 7 DMF ¥ 92 6 B il dee 1, 926 A7 i 4 13.47 nso i RAES R AT, 6 CDs ¥ T A R
F R DR B K S 3 L K 75 i 45 AN AT
23 AHBEFFKSENKRD

1T CDs 1A [F] 3 550 v B9 92 G B i S5 W 37 /0 22 1 7 i #10 EL AT e S 1, EL AT D 8 0 8 590 A 2800, 4
CDs 75 P i 2 I A HLIE ) bk & 8 05 T2 A BOREE T o T R QTR A DCM U T K, X IR E
T vk AT K B A 0 S RGN , 26 e 1 HA AU Y B9 R £ s AR BT VA R DMF AR SR X4, A
CDs B % 65 BE | 2 S 037 R 98 5 73 iy = A 75 ThT 1647 52 398 5 B i CDs s B A I A7 AL ¥ 9 v /K 25 By T
17tk
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FIH CDs i 2 5 oK & B 45 -4 3 TR o K 3(a) 4 400 nm e HE I & DK R A 6] & 7K B Y 2 -
KR AW CDs(32.0 pg/mL) B & S 638 o IR IR, B & R R K & B3I, CDs B9 2¢ 6 3 BE
2 008 Wi FEAK 2 706, & FHg AL N 509 nm ZE# #) 518 nm, & FF 65748 56 /4% i 76 nm 28 4 79 nm. /K
I BN S BOR AR Z M B 38 0, CDs J& RS 710 43— 1 375 390 st 74 A W 022 6 4 o — 25 1 0 307 46 o 17
(L BT = WE , R BOENL L0 5 I AR 1 B G A — B0, I LR R ARV R0 T K i R A S st 7 RT B
RGP ER E Y, L 3(b) 2 CDs W ZE G5 BE 5% W b K & i 6 &, 1l LR BIAE K & i 0~100% 18
Bl P 79 25 22 6] A A B A R R i 1 G 2L LA ith 2 o y = 2127.54 — 13.742(R*=0.984) ,LOD K 2.11% , }&
oy RGBT o R K SR (R 20 ) . FEF CDs R S 5K & B 2 M 6 2, 01 3(e) s L 1
K& O0~100% L N CDs I & ST 5K S EEEME LR, BIA ML N y=508.193 — 0.101x (R*=
0.977),LOD Jy 7.01% , Horpr y J& K S0 6 < , o /K & i o AR, Bl /K S s 38 m, S -—KIR A i
WP CDs M7 ZE W PR, 26 6 4 fir N 10.70 ns 46 %8 2 5.11 ns. |8 3(d) g CDs 1% 5% 45 fir 5 /K &5 B 22 6] (1)
KR HENH,TEK S B 10%~100% 35 B, CDs B 29 6 fr 5K & AR e etk m iy, Bl A # ol y =
11.664 7 — 0.063 7 (R*=0.988) , Hi 1 y j&t CDs W2 G A i , xS K & 8

2250
2100 Water content 0%
G - = —=10% ~2000F = = Data
LY I 44 A 20% 3 Fitted line
21500} T 2170
<] i 0 2
2 1200f 50% £ 1500}
g 50 g 1250
g ST 70% g
2 600} 80% 8 1000F  y=2127.54-13.74x
E X N — — —90% E R=0.984
= 300t N - 100% = 750t s
) L L ) ) ) " e 500 | L ) L L |
450 475 500 525 550 575 600 625 650 0 20 40 60 80 100
Wavelength/nm Water content/%
(a) Emission spectra of CDs in ethanol solution with (b) Relationship between fluorescence intensity and
different water contents under excitation at 400 nm water content
522 12
i . = Data
S519r  a Data ok Fitted line

Fitted line

Sl6F

Position of emission peak/nm
Lifetime/ns
oo
T

SI13 ¢
X
[]
510 b =11.6647-0.0637.
$=508.193-0.101x 6t U X
5 R*=0.988
5070 R*=0.977 .
1 Il 1 1 1 1 4 1 1 Il 1 1 Il
0 20 40 60 80 100 0 20 40 60 80 100
Water content/% Water content/%
(c) Relationship between emission peak position and (d) Relationship betwen fluorescence lifetime and
water content water content under excitation at 407 nm

H3 KEBEMLE-KEAERFY CDsWRABE KA URKEFHTH
Fig. 3 Effect of water content on fluorescence intensity, emission peak position and fluorescence lifetime of CDs in ethanol—

water mixed solution

FIH CDs £l DMF Hrok & &, g5 R an & 4 o o Bl 4(a) 2 415 nm S AL 3K T AR &K &
DMF-7K IR AW CDs(6.4 pg/mL) 0 & H16i% . WE TR, BEE R R MK & B3N, CDs /Y 2¢ 65 i
M1 099 F [ 207, & A N 495 nm £LFE 3] 519 nm, 2 @ 2 95t 73 nm 28 8 78 nm. 81 4(b) 2k CDs iy %%
JERBE 5K AR, T LLE BIAE K & i 0~100% T8 BBl N B & 2 [ A2 e R vk i 6 R, LA Mk y =
1099.74 — 9.57x(R*=0.992) , & E A& R 4F, LOD Ky 3.10% , Hrp y B2 B, o K. Bl 4(c)h
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1200 1200
Water content 0%
3 - - = 10% S 1050 = Data
= 1000 + =
A Y 47 0 20% < Fitted line
Z o0t —-—--30% | B 900F
5 R 40% 5 750}
£ 600k 50% g
§ 60% § 600 -
B ol —— ) 3 A
@ & ) » 450 F
g L AN 80% z 1=1099.74-9.57x
2 a0f Jhlrl s AT \\— g s ?80/3/ 2 300F  R=0992
AL a0 R A
U e, sop o, 0N
450 475 500 525 550 575 600 625 650 0 20 40 60 80 100
Wavelength/nm Water content/%
(a) Emission spectra of CDs in DMF solution with (b) Relationship between fluorescence intensity and
different water contents under excitation at 415 nm water content
525
E 14 - = Data
S 520t
% = Data . Fited line
2515+ Fited line w12
g x £
é 510 f g 10
S 505 | 2
5] — gl
=1
£ 500 = 1=500.203-0.196x 1=16.215-0.109x
S 05| = R=0.979 6F  R=0.999
490 1 1 Il I L 1 4 1 1 1 1 L 1
0 20 40 60 80 100 0 20 40 60 80 100
Water content/% Water content/%
(c) Relationship betwen emission peak position and (d) Relationship between fluorescence lifetime and
water content water content under excitation at 407 nm

B4 k4 EX DMF-/KE &% %+ CDs th 7% KB E K ST LR Kb & & %l
Fig. 4 Effect of water content on fluorescence intensity, emission peak position and fluorescence lifetime of CDs in DMF-water
mixed solution

CDs 9 & S WA 5 7K & it Z [ 9 56 &, b AT 0 ZE 7K & 6 1096 ~100 Y0 36 [l 9 & 39 6 067 5 7K &5 o M ¢
A 4l y=500.203 — 0.1962 (R*=0.979) ,LOD 4 2.00% , H v y Jy % B W i P K, o ok &
El4(d) Ry CDs 2 A 5K & i Z 1 56 & o i B AT FEIR A I WK & i 0~10% 31 il 2¢ % 75 4w A
12.89 ns 4 A3 14.00 ns; 78 10 % ~20 % J [Fl P M 14.00 ns ¥ /N F] 13.91 ns; 78 20 % ~100 % Y5 [l N, 98¢ 75 fiv
M 13.91 ns B /NF 5.24 ns IF 5K & BAMECR , MEMEL N y=16.215— 0.1092(R*=0.999) , H ' y
D CFF A e

S5G1E 3FNE 4 0T LA B, RS K fE B CDs W R0 5R BE K S I8 A7 R 9% G 55 5 R R K & &t
FERAFAELANESC R, CDs MR G VA VR HP AR 3 7K o 1A 3R 22 L o 3 7K i A 3 50 K 5 o 1 728 A T Rk Al
FEPAE K ik 0~100 %6 3 B P9 3 25 25 i 2 e ML il 2k, 26 W6 AS W) 9 LN CDs % 7K B dk 28 1 1 R 8
JEAR 1k S B 42 ] R R R CDs 23 1 Je = oo i TR & W0 v A TR A R 2043 i s a4k 1 iR & S0
R K M AEAE S BOA LW CDs 1Y 26 BE R AR, K S WL 218 DL K 9 0 75 A A8 o

R T BT CDs R A AL I oK & B0 7 0 A B S PR X BE AT EG i K A EEAT T AR,
GEARMES PR o B 5(a) W EE-K (EG—/KIE & H W H CDs 965 B 5K & B Z MR &, T LUA B 1E
KA 0~100 %0 38 F P9 9 5 A7 A2 2 P e B, 18045 1 26 23 5] D y =1 561.38 — 9.38x (1 %, R*=0.993) .y =
1303.72 — 6.88x(EG, R*=0.984) , Hovft y 5L 0R BF , o /EK & f o (81 5(b) iy & S A 5 /K % & =2 ([ 19 ¢
F L AE K 0~100 %0 0 il N PR A7 AR v ma 7, #0065 il 424350y y = 509.798 — 0.083x (W i, R*=0.997) .
y=>512.888 — 0.0512(EG,R*=0.985) , Horfr y J& K PP A2 P 4, o 7K 3% o o 32 AN S P IR, A SOl 3 vh
4 I8 K ) B [, B B 1 D K B R 25 K . B 5(0) WP FAr SRk S B R R, H Z I fE R4
PE W R 8L A 2R A S y=9.903 3 — 0.049 22 ( H B, K & & 10%6~100% 35 [l N, R*=0.993) .y =
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1600 520
e Data (methanol)

Fitted line (methanol)

| »=512.888-0.051x

I 518
14001 « Data (EG) R=0.985
Fitted line (EG)
1200 F ¢ 216
1=1561.38-9.38x
1000 k / R>=0.993 R*=0.997

1=509.798-0.083x
* Data (methanol)
Fitted line (methanol)

()
—
[\S]

800+ —1303.72-6.88x
R*=0.984

W
—
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Fluorescence intensity/(a.u.)
Position of emission peak/nm
W
N

600 = Data (EG)
L | . . . - . . . lFitted liI‘lle (EG) |
0 20 40 60 80 100 0 20 40 60 80 100
Water content/% Water content/%
(a) Relationship between fluorescence intensity and (b) Relationship between emission peak position and
water content water content
10
® Data (methanol)
ok e Fitted line (methanol)
= Data (EG)
2 . . Fitted line (EG)
E 1=9.9033-0.0492x
b / R=0.993
g I
6k 1=8.4041-0.0334x
R*>=0.997
5 L
1 1 1

0 20 40 60 80 100
Water content/%
(c) Relationship between fluorescence lifetime and

water content under excitation at 407 nm

H5 K&EEMFE-AMEG-ARAERFY CDs K K58 E KSR R K F 6 %8
Fig. 5 Effect of water content on fluorescence intensity, emission peak position and fluorescence lifetime of CDs in methanol—-
water and EG-water mixed solution

8.404 1 — 0.033 4x(EG, /K & & 0~100% L N , R*=0.997) , Hoth y 23t Hfr o Bk & &, W .28,
EG F1 DMF 5 7K 1) 1R G 1 W T i o5 09 5 65 B & SR W A3 LA R 5@ Y6 7 iy — 3 5 7K 5 k22 ) 49 7 78 2 P i iy
KR AT A

Bl 25 K B B BN TR A VAV D R A K UK CDs WY 58 58 3 | & S e A5 R 9¢ S'6 77 i 3146 ¥ A AH
7 ) A AL TR 3 K HE I 50 B B A K CDs 53 70 22 [A) S A e i ol ook S 72 Ak ) D A - Bl 25 A
B - 7K TR A 1 T K 5 i 34 0, CDs 5 7K 22 81 T8 1 1 S0 8 7% 7 BUIR CDs 5 43 LI ) =22 18] T i i) &
SHEC s E T AR IR B A R TR T R P e P i I e 8 8 T T 8, 5k 4 S 23 5 i F1] CDs A 2 18I
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Detection of Water Content in Organic Solvents Using Green
Fluorescent Carbon Dots

DENG Min, YE Manping, JIANG Xin
(College of Optial and Electronic Technology, China Jiliang University, Hangzhou 310018, China)

Abstract: The traditional detection method of water content testing, Karl Fischer titration, cannot be
widely implemented due to the inconvenience of requiring professional instruments and operators. Carbon
dots are photoluminescent zero—dimensional carbon nanomaterials with sizes between 1 and 10 nm. Since
the luminescence of carbon dots is easily affected by solvents, researchers have used the fluorescence
intensity, emission peak position, and visible color changes to the naked eye of the carbon dots to quantify
the water content within the organic solvent, but often the detection range is narrow and sometimes
segmented fitting is required. These shortcomings mean that the experiments need to be further optimized.
The green fluorescent carbon dots herein were prepared by hydrothermal method using citric acid and urea
as precursors, and characterized and analyzed by transmission electron microscopy, UV-vis absorption
spectroscopy, fluorescence spectroscopy and time-resolved fluorescence spectroscopy. The particle size of
carbon dots is 6.5 nm, and there are absorption peaks at 252 nm, 273 nm, and 410 nm. The optimal
excitation and emission wavelengths are 400 nm and 517 nm, respectively. It is presumed that the
fluorescence of carbon dots mainly originates from the green fluorescent molecule 4-hydroxy—-1H-pyrrolo
[3,4-c] pyridine-1, 3,6 (2H, 5H) ~trione according to previous studies. Carbon dots were dissolved in
seven solvents of water, methanol, ethanol, ethylene glycol, dimethylformamide, ethyl acetate and
dichloromethane and found to have different luminescence properties including fluorescence intensity,
emission peak position and fluorescence lifetime. Based on this principle, the carbon dots were used as
fluorescent probes to detect the water content in the proton solvent ethanol and the non—proton solvent
dimethylformamide. With the increase of water content, the fluorescence intensity of carbon dots in the
ethanol-water mixture decreased, the emission peak position was red—shifted from 509 nm to 518 nm, and
the fluorescence lifetime was shortened from 10.70 ns to 5.11 ns; the fluorescence intensity of carbon dots
in the dimethylformamide-water mixture decreased, the emission peak position was red—shifted from
495 nm to 519 nm, and the fluorescence lifetime was shortened from 12.89 ns to 5.24 ns. The experimental
results show that there is a linear response between the fluorescence intensity, emission peak position and
fluorescence lifetime of carbon dots and the water content, and the detection range is as wide as 0~100%.
It is speculated that these phenomena are caused by the change of polarity of the solution and the formation
of hydrogen bonds between the carbon dots and the solvent. With the increase of water content in the
organic solvent-water mixed solution, the hydrogen bond formed between carbon dots and water gradually
replaces the hydrogen bond formed between carbon dots and organic solvent. In addition, since water has
the highest polarity in the solvent, the polarity of the mixed solution increases with the increase of water
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content, and these affect the surface groups of the carbon dots leading to the solvation effect of carbon dots.
In order to verify the universality of the method, the carbon dots were dissolved in methanol-water and
ethylene glycol-water mixed solutions with gradient concentration of water content. The results showed
that the fluorescence intensities, emission peak positions and fluorescence lifetimes of the carbon dots also
responded linearly to the water content of the system, and the method was universally applicable. The
linear response between fluorescence lifetime and water content is rarely seen in other studies related to the
detection of water content in organic solutions, providing a new detection pathway for the determination of
water content. The linear response between fluorescence intensity, emission peak position and fluorescence
lifetime and water content all indicate that the carbon dots are potential probes to achieve rapid and sensitive
detection of water content in organic solvents.

Key words: Carbon dots; Fluorescence spectroscopy; Fluorescence lifetime; Water content; Organic
solvent
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