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Preparation and characterization of J-aggregates nanosheets based
on amphiphilic Cu-azadipyrromethene dye

ZHAO Mingyao, ZHANG Yongjie, SU Junjun, PAN Hongfei, CHEN Zhijian'
( School of Chemical Engineering and Technology, Tianjin University, Tianjin 300350, China )

Abstract: An amphiphilic Cu( Il )-azadipyrromethene (ADP) complex (dye I ) was designed and
synthesized from coordination of one ADP ligand containing two hydrophobic dodecyloxy chains and one
ADP ligand containing two hydrophilic poly ethylene glycol chains with Cu(Il). Dye 1 was then
characterized by *HNMR, MS, and elemental analyzer for chemical structure confirmation, while dye [
aggregates were further evaluated by UV-Vis, AFM, TEM and small angle X ray scatterer for morphology
and structure analysis. The results indicated that the dyel self-assembled into Jtype aggregates in
ethanol/water with the maximum absorption peak redshifted 89 nm. Moreover, the dye 1 aggregates
exhibited atwo-dimensional nanosheet morphology and was stacked in bilayer form.

Key wor ds: functional dyes;, Jaggregates; molecular self-assembly; azadipyrromethene; nanosheets;
functional materials
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&R ERKEER ADP iR Ccu(D)iEFT

SguR T, @it THNMR., MS Kot ZE s braest Hifk 2
,nﬁn_ﬁ%%ﬁ, FERFSE HO BT T LA S AE 2 K IR A

BOfL, Ao —Fii iy Cu(ll)-ADP BUAMIELL  HIm 0 A PET . Yokl T 02 I A F iz
C12H250 Clezs C12H25 OC,,H,s
o Crls Q
KOH, EtOH/H20 DEA, CH3N02 NO: ch COONm
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IV —
I: ; O O
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—[4-(3,6,9,12,15- FL A 2% T /N be S k) AR HE]-3,5- K
FEAEZ e A4 (1) Jekt (1),
1.21 sV e h &

PR (12.02g, 100 mmol ) i T Io/K 2B

(50 mL) Hr, mH A 2218 N KOH (22.40 g,

400 mmol ) /KA (30 mL ), 2 E$HiHE 30 min, ¥
Xof + T A EE Y (29.04 g, 100 mmol ) A TG
IKEE (50 mL), ZEigima) ik &=, Eilx
N 24 h, A BUOKRUTTE, b 8RR 20 AT 20 ™ 5t o
FL= KGR S 3 WA, ] V(& P Ee) « VOED
fe)=1: 5 IRGVEFEL N, EE T HS T 24h0
RENR B A E ARG RS DIV(34.949), 775 89%,
'HNMR (400 MHz, CDCl3), §: 8.01 (s, 2H), 7.79 (d,
J = 15.6 Hz, 1H), 7.58 (m, 3H), 7.53 ~ 7.48 (m, 2H),
7.42 (d, J = 11.6 Hz, 1H), 6.93 (t, J = 5.8 Hz, 2H),
4.00 (t, J = 6.6 Hz, 2H), 1.86 ~ 1.74 (m, 2H), 1.52 ~
1.40 (m, 2H), 1.35 ~ 1.24 (m, 16H), 0.88 (t, J = 6.8 Hz,
3H).
122 &4V esH &

¥k &IV (7.85 g, 20 mmol ) IF T Ik 2
(100 mL) , BfJEHKINAREEH & (6.10 g,
100 mmol ) 1 2% ( 7.31 g, 100 mmol ), 7£ 78 °C
BEFk 20 ho W 2RI IR 25 L1, i S AR R
BHUA K BER 3k, Jo/k MgSO, THEG , IR
TR BR 2R BORL & o K™ S A AR IR AT A T
B, BRGNS V(& W ) - VOECKE) =1 1 2 YR
AR, FHE T ES T 12 h 52045 5 O P A
&MV (852¢g), 7% 94%, 'HNMR (400 MHz,
CDCl3), 8: 7.90 (d, J = 10.5 Hz, 2H), 7.57 (t, J = 7.2
Hz, 1H), 7.46 (t, J = 7.6 Hz, 2H), 7.19 (d, J = 8.9 Hz,
2H), 6.84 (d, J = 8.2 Hz, 2H), 4.80 (dd, J = 12.2. 6.7
Hz, 1H), 4.64 (dd, J = 12.1. 8.1 Hz, 1H), 4.17 (m, 1H),
3.91 (t, J = 6.4 Hz, 2H), 3.50 ~ 3.34 (m, 2H), 1.81 ~ 1.68
(m, 2H), 1.42 (d, J = 7.0 Hz, 2H), 1.28 (d, J = 14.8 Hz,
16H), 0.88 (t, J = 6.3 Hz, 3H).,
1.2.3 s I eH &

ERE R mA GV (454 g, 10 mmol )
5 2. W% (30.80 g, 400 mmol ), f#ZE 130 °C, Jx
N 3he (A A H B AL, A AL KRS 31K,
Ji/K M@SO, TG, V80 2848 bk 25 v 700 A5 BDRL™
fho ML A AR EATHE T 0B, YRR V(A
FEE) : VAECkE) = 1.0 : L5 IRSER, i FHE
Z T 2h R AEEAEW T (2.629), 7%
32%,. 'HNMR (400 MHz, CDCls), §: 8.01(d,J=8.8
Hz, 4H), 7.92 (d, J = 7.3 Hz, 4H), 7.48 (m, 6H), 7.09
(s, 2H), 6.96 (d, J = 11.1 Hz, 4H), 4.03 (t, J = 6.6 Hz,
4H), 1.91 ~ 1.77 (m, 4H), 1.55 ~ 1.44 (m, 4H), 1.30
(m, 32H), 0.88 (t, J = 6.8 Hz, 6H).

1.2.4 Aaw Ve H &

¥ 4-3 35645 SRS 11.20 g, 50 mmol )l K,COs

(16.56 g, 120 mmol ) i€ & T DMF (20 mL ) 1, 7&

ARESAT, #AZE 100 °CHidk 30 min, HER L
TR R R R R R (20.30 g, 50 mmol )
T JC/K DMF (20 mL ), fff 73 5 #% 22 12 ik m 21 )
NARZR S, EIRAYTE 100 °CI B 4 ho ffifH—
AHBEREI, AP RK VRS 3Kk, oK MgSO, T
FEIe, R ZRIRR 25 RIS S = o R R
EMTAYES, RN V(R ZER) : VOEC k) =
3: 2MRAER, FIR T ES T 12h M 8E A5
FIW AR S VI (20.88 g), 7= 91%., "HNMR (400
MHz, CDCls), §: 8.01(dd,J=5.2. 3.3Hz, 2H), 7.78
(d, J = 15.6 Hz, 1H), 7.65 ~ 7.54 (m, 3H), 7.53 ~ 7.47
(m, 2H), 7.45 ~ 7.38 (m, 1H), 7.04 ~ 6.81 (m, 2H),
4.17 (dd, J = 11.7. 6.7 Hz, 2H), 3.94 ~ 3.81 (m, 2H),
3.76 ~ 3.60 (m, 14H), 3.54 (dd, J = 5.7, 3.6 Hz, 2H),
3.38(d, J = 3.6 Hz, 3H).
1.25 Aad Ve # &

PAEE VI (9.17 g, 20 mmol ) ¥ T Jo/K 2 B
(100 mL) H, FffERUMAGHE P L (6.10 g,
100 mmol ) f1 —Z.#% ( 7.31 g, 100 mmol ), 7£ 78 °C
PiFk 20 ho VR ZRIR R 25 1, i S B AR R,
A MU KPS 3K, Jo/k MgSO, T )5, I
TR 2 R0 A BRL A o K™ b e A 2 AT A T
B, BENRICA V(SR CTR) - VOECEE) =2 1 IR
B, FIR T ES T 12 h 15 2005 3 26 i A
&MV (9.78 g), 77 94%, HNMR (400 MHz,
CDCly), 6: 7.89 (t, J = 10.7 Hz, 2H), 7.57 (t, J = 7.3
Hz, 1H), 7.44 (t, J = 6.6 Hz, 2H), 7.18 (d, J = 7.9 Hz,
2H), 6.93 ~ 6.79 (m, 2H), 4.79 (dd, J = 12.2. 6.6 Hz,
1H), 4.69 ~ 4.57 (m, 1H), 4.22 ~ 4.12 (m, 1H), 4.08 (d,
J = 4.2 Hz, 2H), 383 (t, J = 4.1 Hz, 2H), 3.71 ~ 3.61 (m,
14H), 354 (d, J = 3.7 Hz, 2H), 3.42 (dd, J = 13.8. 8.8 Hz,
2H), 3.37 (s, 3H).
1.2.6 Ao ey %

FERR B AL &V (5.20 g, 10 mmol )
5 2. W% (30.80 g, 400 mmol ), M#ZE 130 °C,
N 3he (M ZEH L AEEL, ALK BES 31K,
JorKk MgSO, THJ5, 8 R 7818 B 25 7 70 45 21 kL=
fho KL A AR R AT AT AR, VR V(TR
Hke) - V(HEE) =30 : 1 FIRAHR, FiRFEs T
f 12 h 15920 85 A AR G T (3.23 g), 7% 33%.
'HNMR (400 MHz, CDCl3), 6: 8.02 (d, J = 8.9 Hz,
4H), 7.97 ~ 7.89 (m, 4H), 7.49 (m, 6H), 7.11 (s, 2H),
6.99 (t, J = 8.4 Hz, 4H), 4.27 ~ 4.17 (m, 4H), 3.95 ~
3.89 (m, 4H), 3.73 ~ 3.57 (m, 32H), 3.37 (s, 6H).
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127 #4194 &

Fia T (113.94 mg, 0.12 mmol ) 5444
Ml (98.18 mg, 0.12 mmol ) I A% 250 mL () [& & 4%
o, AIE T EE (50 mL ), 7o 8 f# . K
Cu(CH5COO0),#*H,0 ( 28.75 mg, 0.14 mmol ) & T/
HIETEES, S2Rma kRS, 117 °ClHl
Ah, WRZERER LN, &P, AL
K BES 3K, Jok MgSO, T, T8 ZE 1R R
RS BRI o K™ S AR 2 AT R T 4 B
PEWEF R V(A H k) - VIFEE) =30 1 iIRAH
), T oS T4 12 h 155 76.85 mg #5 (0 [ Ak g
BT, 772% 35%, 'HNMR (400 MHz, CDCl3), : 8.50 ~
6.75 (Fil4, 7H), 5.28 ~ 4.68(FilE, 4H), 4.40 ~ 3.93

Feld, 4H), 3.90 ~ 3.46 (m, 32H), 3.37 (s, 6H), 1.74 (s,

4H), 1.37 (m, 36H), 0.88 (t, J = 6.0 Hz, 6H).
ESI-HRMS, Ci10H136CUNgO14, m/Z: [M+Na]™ 3t {H
1851.9342 ; I it ff 1851.9326 ., T X 4 #r
( CuoH136CUNgO1, ) = FE i fH  w(C)=72.20%,
W(H)=7.49%, w(N)=4.59%; i {5 w(C)=72.33%,
W(H)=7.57%, w(N)=4.69%.
1.3 RESHK

HNMR 138 . %8 T RURACEDT (CDCls) A
R, VADUH 3RS (TMS) A NFRfE &Y. g
MEL . A TR BT, =R T L, %
AR-FI L (UV-Vis) WBOEREM: B IR IO 2R 50
i Lambert-Beer A5, R+ 1 BB (AFM )
FEAT A . BRI 1.85 mg [EfARGL R T If-44F 2 100 mL
ZEE A, A 50 mL JCK C AL 5 58 A
AW IMA 20 mL L& K, fEHIKCEE
25,1330 %e 5 K 10.0 pmol/L Yek T 159 FERAERIA TR .
# 20 pL RERB WA SR b, FREFE R
S a5t CRIRE . B ETH T BT (SEM ) BE 4
VB SR A X A SR AR W IR I 2 min, FH B4R
W, FEBERRE A IR 10 min E T 4L,
HUEARE AR, EFERE /KR 30s, ek
HilFE . /N X BFZEBU I ( SAXS): JElEH CuK,
(A = 0.154 nm), LA E 0.5°~30.0°, RN
1.5 (°)/min; fm#F] 180 °C/5iB k 2 h BZE IR 52,
il

2 HRSIE

21 &8I HERSRIE

FER R A& e rt 1B, B HARr=9
I AhT e A A B AS 2 iR T AN 3 B 5 Cu( 1) A
WECAY, mTFXMAEE S 1 05 F et
ZSK, AR AT AT MK SR A B

Mgt Tt 0, ImSRfraife gkt 1o HTT
EEME, SR TR LRARE R "HNMR
BRI EE B H A5 T DL afy UL 31, i
5 Cu( IN)5E L YR ER LU R - 5% B H 1R 5 A
R Mtk , HARIANERG, HEh R 530 Cu
B A i LIRS R, AT T4 F b Cu( D)
IR B A

B Rt T ke, OB, . WA
Wi, S5, WA RO 7 BRI R
5L Sh-AT LIRSS . & 1 R T A [l 30
AT TR IR

10 . 5 .6 2-0.0682¢+0.001
W] S [r-09998
08+ —&fr 2
—HIZE =03
R TR \
0.6 & L L

2 4 6 8 10
3/ (pmol/L)

IR 2 $0/[10° L/(mol-cm)]
o
~

300 400 500 600 700 800
Bk /nm
K1 Gukl I EARRRAMER WP (cr = 10.0 pmol/L )
UV-Vis OGS (4 1E . Gurt T &P beid il
WL (583 nm) SikERELMELXR )
Fig. 1 UV-Vis absorption spectra of dye 1 in different
polarity solvents (cr = 10.0 pmol/L). Inset is a

linear relationship between absorbance of dye I
in dichloromethane at 583 nm and concentration

wmE 1R 1R, Gkl 1%+ 500~800 nm
PR BRI TR T 1 S ST S MU SRR
TR, HAR R I K AF 579~586 nm P, iR Y
JE IR SC 2 %L (&) M 6.5%10%~6.9x10* L/(mol-cm).,

F 1 Yok T AEAR R RO e R
Tablel Spectral propertiesof dye [ indifferent solvents

T Amad M emax/[*10* L/(mol-cm)]
e P 583 6.8
L 581 6.5
ZhE 579 6.7
Y Sk M 585 6.6
A5 585 6.7
LB 586 6.9
LR T 582 6.9

R ] UL, VAR PR X el T AR I WAL K 52 i)
AR, HEERS PALMA ZU8F BESSETTE %19
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B 25 T2 . TR AN-T UL A Y BE X AN R ik
BEGRE T A bes st ar A, 255 an &l 1 45
IR, IR BEYLRE T 1 50 e worE 583 nm
Ak B R 5 R R S R R S R, A
AHMA-t R, Kk, aTHERTYeR T 2071 &
e DI RIE U FE . i TY9R T 76 LR A%
Frp B 5 AT LA U RRAE R, R Ykt
T 753 B9 5] o 35 DU ST A E
22 M BEITERNEHAR

Kl 2 J27E 283K T, A[EWKEL YR [ /) S EEIK
REWW (VOEKZEE) : VoK) =4 1) fygesh-ar
LSO o aniEl 2 s, 249k T 2SS 1.0 pmol/L
I, o KM g T 581 nm &b, B Yukt 1 Mk i
B3, Hd KW & i 581 nm KIR4I R &=
670 nm, ZIF T 89 nm, FIHYE 1 78 LKA
WP KR A, BT I RERN,

0.8
1.0 pmol
— 2.0 pmol
i 5.0 pmol
061 __ 10.0 umol
—— 30.0 pmol

041

0.2

JBE SR SGA$/[10° L/(mol-cm)]

4(|)0 5(|)0 660 760 860
BK/nm
K2 KFEEEEGR T 0 CBEKIR G (V(CE) @ VK)
=4: 1) B UV-Vis It
Fig. 2 UV-Vis absorption spectra of dye 1 in ethyl
alcohol/H,O [V(ethyl alcohol) : V(H,0) =4 : 1]
with different concentrations

K 3a Yekt [ #E (cr) o4 10.0 pmol/L 12
FEK A 283~343 K T AR T 584/ 0- ] WL %

ATLE Y, BEE R T, 78 670 nm Ab YR
ARVRAREAE WL WS 0 58 A T AT, 581 nm Ak g BALAA IR
g WA e R T T T v

e
o

o
»
T

L
&)

IR SE 2R $%/[105 L/(mol-cm)]

(=]

1.0 12.5F=11576x23.7
B12.0rR=0.9994

5 08F gusp
1\5 0.6k . 000301 0,00308
ﬁ» . 1/T/K™!
®
& 0.4 0 4.0 pmol/L ©
B o 8.0 pmol/L A

02} 5 10.0 pmol/L

0 20.0 pmol/L 9
ol ®008B0ooBgooo

300 310 320 330 340

K
K3 et I MBI KEm (V(CEE) - VoK) =4: 1,
¢r=10.0 pmol/L ) AY7Z8 ¥ UV-Vis WIOEE (a);
AR et T TH il il 7 1 A A B 5 i 46
(4 B AR In(Ler) 5 UTe KAREA Van't
Hoff JrFELG 4521 ) (b)
Temperature-dependent UV-Vis absorption spectra
of dye 1 in ethyl alcohol/H,O [V(ethyl alcohal :
V(H,0)=4: 1, ¢t=10.0 pmol/L) upon heating (a);
Nucleation-growth model fitting curves of different
concentrationsdye [ heating process [Inset isthe

relationship between In(l/ct) and 1/T, of aggregates
and the fitting results of Van't Hoff equation] (b)

Fig. 3

MR TR 343 K 5, GG HAE L, RV
IR T8 R RO B, RIS Xy 343 K 1Y
PAURYS AT R IR AT R A T I, AR B Bl A TR
JEREAK, 581 nm AbBAAR W AC UG % 5 20 T AL, [) B
670 nm Kb A PRI S I 2 i i, RIAYLRL T S
BT FRAEM, HmYr 1 fE b m [ 42
ALY

Kl 3b EXTYukt [ RERIEAFIKRET (4.0~
20.0 pmol/L ) 4 FHi i R HEA T A IO 18 5 25 o
MR8 SCHR[20- 22 £8 ) % iz - A KAl (5 (1)) X
ST EE HEAT 3T -

Otagy(T) =asar{ 1-exp[-AH(T-T/(RTH]} (1)
T aagg(T) A [RITRLEE T 14 R rp SRR AR IBE IR 43885
asat F2 MR Olagg(-r)/(lsATg 1HSEG T NIRE, K;
R R IR ML, 8.314 J(mol-K); Te Wil A 54
W, Ks AH MK B, Imol,

AR RS 3F1EE IR 38 ( 0tagg(T) )
AR AN RIELRE FVa R B RO R B TR 32 B

0agg(T) =[(T)~€mon]/(agg—Emon) (2)
s emon Al £agg 730147 670 nm b ekl T AR FiT R
FEARAYBE SR 2%, L/(mol-em); e(T) N AS[a] i B
T 670 nm &b ekt T B EE/RIOEFR %L, L/(mol-cm),

WNE 3b AR, ekl 1Y AR KB B 5256
BE S SRR AT, R YR F AL AT
A - KR, STk T kB 10.0 umol/L Y 2/
KW (&l 3b, Bk ) A H IR TR L (Te)
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329K, AHe H—102 kJ¥mol., #ifE Van't Hoff J77%
In(1/ct) = —AH®/(RT) + AS®/R (3)
Kol o A RERIFBOIREE , mol/L; AHONYLEL
RAETFERRUESSAE , Jmol; ASC® MYkl [ RELFE
PRUERAE , J(mol-K); Te MimARAERE, K.
PLIn(Uer) SRR EE T UTe FERIIE X T 728
PELAT, Al ekl T R RG2S (AH®)
MERAEREAE (AS?) 439 4 -96.2 kImol F1-197.0
J(mol-K). Ykt T REEITFE G A FRIERS AR FAREAR AL
T, SRR IR . MRS (X (4)) A
298.15 K FYurt [ RAE LM bRAES Al F il REAR
( AG® )H—37.5 kI¥mol . HHE( (5 ) Jnl 151 298.15
K R4 K 4 3.72x10° L/mol .,
AG® =AH © — TAS® (4)
InK = —AG®/(RT) (5)
K. AGOMFRUET il A FAEAE, Jmol; K KHE
S E K, Limol,
23 M1 BEAEEREN
Bl 4 Shiuk T iy FRERK AFM JESE 1
TEM K. ME dan]hl, Jukt 1/ FREMRZI T
TEARAHN B9 —HEZh oK Rtk , HIR/MNE 300~500 nm
W, QKR EEZ 4.0 nm (IRE ), ek T RER
) TEM &R P d g 28] TR gk e s (I
4b), HRBEAE 400 nm 247, 5 AFM 25538 —3,

‘. 600nm
Kl 4 el 1 BEKRK ARM & (a, 15 B S 28 ah# m 43
Mrébif ) X TEM E (b)
Fig. 4 AFM image (a, Inset is the cross-section analysis
aong the red lines) and TEM image (b) of
aggregates for dye |

Bl 5 JEYekl T EARFES/INA X S4B
( SAXS) kA .

JAIE B AT UL, FEHC I I ULER B 3 NI,
SRk 20=2.34°, 4.69°, 7.05°, 3 NHUGIERY 20
A 1:2: 3MLAIER, KGR T HF)2R
25K, 20=2.34°%F 1 3.8 nm 12 MEIEE, 543 TRl
X T HEA Z B PR (4.0 nm) e BRAER YK F R
JE ) AFM 25 8 (4.0 nm) A —3, H4E X
w1 ADP-Cu(NELS Y4~ ADP Bz (i

HABKNEE M (29 60°), Hgukt T n]RELE M4
Jria ERAE wen HERL B EIGERE T PR T
L5k, ATLAHED , GOkl 1 2r11E S BRDKIR S35
A R KB AN L K S 1) A Y 5 SOHERR U
RS gk e (&1 6), [, ETRPIETRH
<BEY ADP JLIC AT FE x A1y W5 1o A T AR Y
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