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Pyrenyl Peripheral-Decorated Polyamidoamine Dendrimer for Fluorescent
Temperature Detection in Aqueous Phase

Qin, Tianyi*” Zeng, Yi*“" Chen, Jinping“ Yu, Tianjun* Li, Yi*
(“ Key Laboratory of Photochemical Conversion and Optoelectronic Materials, Technical Institute of Physics and Chemistry,
Chinese Academy of Sciences, Beijing 100190)
(® University of Chinese Academy of Sciences, Beijing 100049)

Abstract A protonated polyamidoamine (PAMAM) dendrimer of generation 2 with pyrenyl attached to its periphery (G2
PAMAM-PyH) was designed and synthesized. G2 PAMAM-Py was synthesized by a condensation of the terminal amino
group of the PAMAM dendrimer and the aldehyde group of 1-pyrenecarboxaldehyde followed by a reduction of Schiff base
through “one pot” reaction. G2 PAMAM-Py was further protonated by adding HCI, giving the target product G2 PAMAM-
PyH. The structure of G2 PAMAM-PyH was characterized by NMR, FTIR, and MS. The functionalization extent of the
peripheral amino groups of PAMAM by pyrenyl is 100% according to the "H NMR and UV-visible spectra. The amphiphilic
G2 PAMAM-PyH is soluble in water with a critical aggregation concentration of 3.3 X 10~ moledm>. Absorption, dynamic
light scattering (DLS), and transmission electronic microscopy (TEM) studies demonstrate that G2 PAMAM-PyH exists as
vesicle with a bilayer membrane and an average hydrodynamic diameter of ca. 184 nm in aqueous phase. G2 PAMAM-PyH
in aqueous phase exhibits dual fluorescence, pyrenyl monomer and excimer emission. The pyrenyl monomer fluorescence
increases slightly and the pyrenyl excimer emission decreases monotonically upon temperature raising from 1 to 70 C.
Meanwhile, the fluorescence color changes from green (low temperature) to blue (high temperature). The monomer emission
enhancement is mainly attributed to less formation of excimer when rising temperature. The fluorescence intensity ratio of
pyrenyl excimer to pyrenyl monomer (l495 ym/l308 nm) Changes with varying temperature recoverably, and the relationship
between 495 nm/l308 nm and temperature can be expressed as 495 nm/l308 nm—28.23—0.68¢+3.21 X 10734+ 1.83X 10 °7. The
accuracy for the measurement of the temperature is better than 0.9 °C in the temperature range of 1~70 °C, facilitating in
situ gradient temperature measurement. The temperature gradient of aqueous phase in a glass tube is investigated by using G2
PAMAM-PyH, which is consistent with the detection result by using a thermocouple meter. This study provides a potential
strategy for developing fluorescent temperature sensing system.

Keywords temperature detection; fluorescence sensor; polyamidoamine dendrimer; pyrene
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1B ) SR B - b R T 58690 G2 PAMAM-Py (16 %
LN 1 FToR, G2 PAMAM 4374 ME A i A 1-26 H
T R A B R 5 I B, FRATEENEE “—47 ]
LASEIRL =4, A=) TR LR A R AT 40 B
atifh, SNEEEFRE EHER 100% 07 (HEAE "H NMR Al
RO e 45 5 G2 PAMAM-Py P25 33%. N T HE N
G2 PAMAM-Py 7E7K VA AREE, ¥ G2 PAMAM-Py ¥
FA PR, N B SRR AT R F Ak, BT
JERVA R FALE RIP2Y) G2 PAMAM-PyH. f:A4L &%)
(Model) } H 5 FAL = (ModelH)Y T 1-EE I EEAN 1-P5 %
IR AR SR 2B ). BrA a7 4
AN R R AR U R R 1) %5 (] S1~S14), G2
PAMAM-Py Fl Model ¥ T~ VY S WA (THF ) F1 S0 55 AL
W, B4k fE #) G2 PAMAM-PyH Al ModelH A% T
AHUEF, HERET K
22 BRESKERBEMRIE

AR T ModelH A1 G2 PAMAM-PyH 7E7K H1 )48 4h
WSO TE, W 2(a) TR, KB F ModelH Fl G2
PAMAM-PyH A 2 RSO TS FRHAIE, (HAH R EE 2R 4]
W F([Py]=1.0X 10" moledm *) G2 PAMAM-PyH [f]
WG FEAAEL ModelH KOKFRA, FF A B AL S A 20
(%1 6 nm). A TN G2 PAMAM-PyH Wi () FEARAS
W TR BT, #—20E T ARKRE G2
PAMAM-PyH {E/KHHIRISOGIE(E S15), fE[Py]=2.0
X107°~8.9X 10> moledm ° JEFE N, BEFEEHWRIERERE
Hok EEsghnm 2t in, HEFR 7 G2 PAMAM-PyH At
ModelH W' FE FRAR 2 AT Hh BT 8 R, HEM G2
PAMAM-PyH Wiz i) B ARG 2 PR A AR K R T A T SR 4
s, EEIE ATE SR AR A R PR AR IR 4L

2505 T ModelH i1 G2 PAMAM-PyH 7£ /K1
7% 6 R S 6 ([Py]=1X 10> moledm ). & 2(b) X
WOREK 350 nm AEMRWSOR— 10 S 7 61E, Kok
FEI{E 368~428 nm, 1fj G2 PAMAM-PyH HGEM 25 1)
SHITEE B RO, ARAERIEA T ) W52 B 1R 3 ) BRI
EEEMINIRG, BOKRSTIETE 495 nm &b, #E— DIk EH
BLIGFRM G2 PAMAM-PyH 7E 7K FH % J B 3t 4
WA o3 IR RSy, Wi G2 PAMAM-PyH 77K Hf T
BT SREEAR. M T AFRIVREE T G2 PAMAM-PyH /Ki%
TWHIRICHERE, K 495 nm Kb I EEBSE G B0 iR S
398 nm b EEERAA G 5 FE 0 HUAE (Laos i/ Tros nm) ¥ G2
PAMAM-PyH W FEAE ], 15 2140 B 2(b)4f A B s i 2.
ith 2] 2 2 PSSy, AR BE I EE 2R 5 I FE PR R
/NN, TE B e TR FEE X335 L %6 5% e I R 52 348 Jm 28 4 348 o,
AR G2 PAMAM-PyH R4 Sk UL R AE T R, M
R FEE AR v R PR DX 3 4 1 0L 2 1 A8 X 45 B s 57 5%
FEWRE(CAC) N 3.3X 1077 moledm ™ ([Py]=5.3X10"°
moledm™>).
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Figure 2 Absorption (a) and normalized emission (b) spectra of ModelH (solid line) and G2 PAMAM-PyH (dash line) in H,O (Lx=350 nm, [Py]=
1.0X 10"° molsdm ). Inset: Ratio fluorescence intensity (Zs9s nm//308 nm) @s a function of the concentration of G2 PAMAM-PyH
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BAVEHUT (Dynamic Light Scattering, DLS)SZH it
—ESE G2 PAMAM-PyH 7E/KH 2 EEEDIRAS. DLS 5L
552 W (K S16), G2 PAMAM-PyH 7E /K H - 200
9 184 nm, WMHDIREREXIFE. N TH G2
PAMAM-PyH TE/KH i R ERAR B THE4E(E 2, I i2 4t
HL - R (TEM)X i AT 1 3RAE, B3 9 TEM lllit4s
K. G2 PAMAM-PyH 7E/KH3RE 5 B ERIE BURERE 45
¥, AR AR R o W R R 2, HANEEJE LN 5
nm, 8 G2 PAMAM-PyH 7> 7 RSP IWifs, 98 G2
PAMAM-PyH 7E/KHE AL T B A X5y I 25 0 B i,
TEM W %22 830 R 515 DLS M4 R —5

B3 RTUKAH G2 PAMAM-PyH 4 & TEM [y, AR P4 EEE Ny
5 nm
Figure 3 TEM images of G2 PAMAM-PyH vesicles with a 5 nm thick
wall

2.3 G2 PAMAM-PyH b 3R %5¢ 5K 545 B Ml 2
TP A A I A A E B, R T A
FI TG EE R, Rk, A RgEE G2 PAMAM-
PyH FEIER R EIE S A5 kR 6 EL il i A k3=
TER R, WE T AFTEE N /K G2 PAMAM-
PyH &K R([Py]=2X 10" moledm >)iI%¢ 6 K 5t
i, Wl 4, NET WS, B R L
(365~426 nm)BUN T VUfE. FHEREFE(1~70 C, Fik
75 ) R AR AT /INIR G 5, TR AR S Y R R OE R
MR PR, T v U P B AR R L 4 5 1 A S R 35 3
5, {HLEE B DR B i 4 i 3 5, HLR R AT A 45
FHRAE— R E LI T B4 SRR, ¥ 495
nm Kb B EEBEEE S G ) DO R B 398 nm AL TEER RS
558 P5E PR EUABL (Laos o/ T3os nm) MR E(OIEFE, 321U 4(b)
FsrIiiek, 76 1~70 CYaE M, %2k nr i 2 Wit
Lios am/Tos nm=28.23—0.68¢+3.21X 10 +1.83X107°F
(A DIATIA LA I LB 40)h L Bsi], %%
T AL HEZ 5 e (Laos wn/ Tros wm) T UIE ¢ 0] B4R
ik, JELBRIEE R L, ANFENRE T &R R 1Z
TR IR RAE CCh Sk, FeATRT L i
MR W LR R NRIEAR R IR . &5
TR EAS B LR TR 22, HEE O R 2
SA i drde BB RD 9% 36 5 T RIle R 8,
THEAR 1 CH 70 CHRIDIE RBUE S RN 0.8 CHI
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K4 (a) G2 PAMAM-PyH 7E/K P AR IR 56 W (1ex=350 nm, [Py]
=2.0X 10" moledm ), 365~426 nm JHK 4 f5H I HHLE, kAT
TROTRIATHEIE . (b) PeBE2E I Lios n/Tros ) BHIR FEIIAEAY,, BE € 6T
RTIHER, ALAMG L. FHAKAS CRI60 CH 365 nm il
KRR
Figure 4 (a) Emission spectra of G2 PAMAM-PyH in H,O at different
temperatures (s =350 nm, [Py]=2.0X10"° molsdm *), the emission
spectra in 365~426 nm are enlarged 4 times. The arrow indicates the
heating process. (b) Temperature dependence of the ratio of fluorescence
intensity (Z49s nm/l398 nm)- Inset: Fluorescent images of the G2 PAMAM-
PyH aqueous phase under 350 nm excitation at 5 ‘C and 60 ‘C

0.9 C, WHTE 1~70 CIREVEREN/KA G2 PAMAM-
PyH FEV 1A R BIIE R EERTIE 0.9 CLL L. Bl 4(b)id
ANER 5 CHI60 CHE/KH G2 PAMAM-PyH ZEi 1A &R
B G, B I T = e R AR Nk B B L)
FHAR RBAKM G2 PAMAM-PyH 3304k & ()58 61
P N AT AT AR, #E S TR 60 C 2 IRIGHA T %
I, WRAPILZERIAE Los an/los am FA REFHIAT[EIE
PE(E 5), 1 BIKAH G2 PAMAM-PyH &304k 2 2E MR IR
P 9 EA R pIRR e 1, A AT RRAE o B R A
AL FH T35 B 0

9T IEHIKAE G2 PAMAM-PyH 2304k 2 AT i F T
T AR PN TS U P P T, FRATHE KA G2 PAMAM-
PyH ZififA R B TS H,  FumAT o 43 ) i #4F0 H
VKAKAED, ik 6 Fias. #RIRRIAT SRS E i R
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Figure 5 Reversibility of ratio fluorescence intensity of G2
PAMAM-PyH aqueous dispersion at 5 ‘Cand 60 C

B6 i /KA G2 PAMAM-PyH BBk R I FEBE RE U 6 50 A1 B
Figure 6 Photograph of fluorescence at different temperatures and the
gradient fluorescence of G2 PAMAM-PyH solution in a glass tube
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DA VYA AL B () EE R R YEAE (Lags am/T398 am) 771N
2.64. 7.10. 1591 F1 27.57, \oazN()itHEAE 2 PIAML
BHN AR 59.7. 40.00 20.1. 1.0 'C, fEiR%E
Y0 ] PN 5 A R A 2 SR 5 A — B, I ST R R e 1
AT N AR P A AR

3 g

RSB T A Bl R A AR TSR
Wk - K2 T R &%) G2 PAMAM-PyH, #F7% T G2
PAMAM-PyH 7E 7K AH HR ) 23 800 BT S 3 58 06 6 18 s
FEW R, 45 E B, G2 PAMAM-PyH 787K H i 1 V- 2kl
12 184 nm WX T2 FEMEEH, KT G2 PAMAM-
PyH HE1R R 5 I LG SR R 4 A W R X008 6 K
1~70 CYaFEIAN, BB e ol AR 5 R i s, i
PRI AR B RO ERRES, S A S Rk K
HEE Laos am/Tros nm IR RN AY, BA RIFH AT ELE
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PE, W T AORIR BERR R AORALE, 7E 1~70 CYuiE
M REPZ T 0.9 C. A TAE IR BT B Gk R
PSRt ¥ HE S,

4 LIERSY
41 RFS5EE

S P AR M T&K, Acros 258 FI W SE, s
BV AT 25 S E . AR TH NMR (400
MHz) 1 °C NMR(100 MHz)f#i ] Bruker Avance P-400
G FEHRA. B 14 F Burker BIFLEX 1T B € 47°F+f
8] 5 #%4 (MALDI-TOF), GCT-Premier (HR EI-TOF), Q-
Exactive (ESI-TOF), 9.4T Solarix % {8 37.H-45 ¥ 55 7~ [A] fig
JLR i % { (HR ESI-TOF). 2L 4h )63 {# H Excalibur
3100 IR ZL Ak e i 4. 8 b W 0 % 15 o 5
UV-1601PC B84 AT LR OG . Fa S e e 4
F H AL F-4600 Z7%¢ 6 k4. IR SE5 4 H Huber
Ministat 230-CC ¥ #IE IR A . 27 6 B il kA8 H
Malvern Zetasizer Nano ZS 7S Y6HS Y. S5} d s
F JEM-1011 & 5 7 B B 8E . e 4F kg A
Ava-2048TEC K& GIEAX.
42 EYE AR

Model 7E 100 mL =[EHIA 1 g 1-EEHEE
0.36 mL IEN %, A 1.2 g Jo/KBREREN, S mL CH;OH F
5 mL THE, N, f£47 N INIE 45 C/RM 5h. AAEFIR
JEIIAN 0.48 g AL, B3 hEik g, K iemie Tt 5
BT /T b, AR KEeE =k, YU ALK
T R AN T8 I DO B 259 70, L= e T e e S
B, Ve V(CH,CL)/V(CH;OH)=20 : 1, 3 097 g
WO EAE, P7F 83%; mp. 66.2~67.2 C; UV-vis
(THF) Amax: 329, 346 nm; '"H NMR (400 MHz, CDCl5) ¢:
8.38 (d, J=9.2 Hz, 1H), 8.20~8.13 (m, 4H), 8.06~7.98
(m, 4H), 4.50 (s, 2H), 2.78 (t, J=7.2 Hz, 2H), 1.62 (dd,
J=14.6, 7.3 Hz, 2H), 0.95 (t, J=7.4 Hz, 3H); IR (KBr) v:
3424, 3029, 2953, 2872, 2817, 1645, 1585, 1435, 1137,
845, 796, 709 cm '; HRMS (EI-TOF) calcd for CyoH;oN
273.1517, found 273.1517.

G2 PAMAM-Py £ 100 mL =i MA G2
PAMAM 0.39 g fil 1-EEHI S 1.68 g, HoHb 1-EEHEES G2
PAMAM #hHE BRI E N 4 1, A 2.1 g oK
PR, AN =& MRS 5 mL, MBAES
40 C, Ny fRE N HiPE N 24 h. FfF I BRA I B = iR 5
TINBREA AN 2.2 g, IR 3 h.

SN &5 IR S ek Bk B R 2 (1 A, A LA R RN
KBRS =R, FH TG /KB R BN T 158 5 98 1 ok 259 771,
FH= P ZOR M e (AR (GPC) 7 &, 1521740
WG E A, Hh EER 100%075Y) 200 mg, FEER
33%; UV-vis (THF) Ama: 329, 346 nm; 'H NMR (400
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MHz, CDCly) 6: 8.08~8.01 (br m, 48H), 7.93~7.83 (br
m, 80H), 7.74 (br d, J=7.2 Hz, 16H), 4.18 (br s, 32H),
3.14, 2.98 (br s, 56H), 2.63 (br s, 32H), 2.36 (br s, 56H),
2.18 (br s, 84H), 2.01 (br s, 16H), 1.44~1.05 (br s, 20H);
IR (KBr) v: 3424, 3293, 3045, 2928, 2853, 1639, 1540,
1434, 1131, 845, 729 cm '; MS (MALDI-TOF) calcd for
CaraHus5025Nsg 6824.8, found 6849.0 (M+Na").

ModelH AR 54 0.3 g %1 2 mL FHEE, A
2 ERERER, BEFEISS) AN R AT Y, B
TTEREEMRE 025 ¢ REEREMAE, M~ 75%; mp.
181.0~183.0 ‘C; UV-vis (H,O) Amax: 325, 341 nm; 'H
NMR (400 MHz, D,0) ¢: 8.09 (dd, J=17.2, 7.4 Hz, 2H),
7.98 (d, J=7.2 Hz, 1H), 7.89 (dd, J=8.9, 2.9 Hz, 1H),
7.83~7.73 (m, 3H), 7.60 (t, J=9.3 Hz, 2H), 4.42 (s, 2H),
2.98 (t, J=8 Hz, 2H), 1.64 (dd, J=15.3, 7.6 Hz, 2H), 0.89
(t, J=7.4 Hz, 3H); IR (KBr) v: 3449, 3381, 2953, 2779,
2689, 2562, 1899, 1750, 1583, 1434, 1131, 833 cm /;
HRMS (ESI-TOF) calcd for CyHpN 274.1596, found
274.1588.

G2 PAMAM-PyH & J§77%5 ModelH #H[F], ¥ 57
i DA, i & SRR AT UiiE, B TERES
WA, P2 75%; UV-vis (Hy0) Ama: 331, 346 nm;
'H NMR (400 MHz, D,0) J: 7.46~6.87 (br m, 144H),
4.34 (br s, 32H), 3.34, 3.09, 2.84 (br s, 168H), 2.49 (br s,
60H), 1.45~0.65 (br m, 20H); IR (KBr) v: 3445, 3276,
3044, 2921, 2774, 2640, 2104, 1655, 1563, 1397, 1114,
834 c¢cm '; HRMS (ESI-TOF) calcd for CasHy730,5Nss
1365.8, found 1635.7573.
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