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It AR 5T % 58T BPTAP B WL ISOG 1% L & 5l
T B FE v 3T 07 B8 S SO R B, F AT T OR [ L LA K
i X pH X BPTAP 24T By 52, 2 2% SCHk[17-18]
1 5 AT AN DG IR R EE  pH A i [ 4 T BPTAP
B 2 e E M 5T, B8 98 T BPTAP ZE B M R 85~ 19 2¢
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1.1 KF5M0HE

KA BPTAP, 4 J#>98.0% , ' [ T2 4 B AF 5% B
A& T 0 B 58 7 5 £ 1% (ACN) B B2 (MeOH) , HPLC
G, Bk TH AR ] A Wk (THF) R (AC) ,
AR, 2 s MAE LB AT BR 2N 7] 5 $h R (HCL) . =& H
$t (CHCL,) , AR 9%, AR T BHRE AL 2% T A BRA W £ R
L TR (EtOAC) , AR 9%, [ 2 48 A b 2 3 700 A7 BR 28
N, N'-Z F L H R e (DMF) AR 2%, ) ARG HE R4 %
Py A PR F]; LA (DMSO) , AR 2, K 1T Eiit
fh2E 50 B W SR LB (NaOH) AR 9, BT R T
AR RAE

A% LS-55 ¢ 6 4y 6 BE i, 32 [ PerkinElmer 28
H] 3 Cary 100 5 4h-0] WO 43 66 FE I, 56 [ Varian 24
) s PLS-SXE 300 fi AT G ¥, & #5 ik ; Millipore-Q i# 4l
KA, & & Millipore /A F] ; Thermo Fisher Scientific Q
Exactive T3k FHAY , 26 [E 3 8K C /R BHE A IRA R .
1.2 BPTAPHMIRRXEBEEXMEZLR

FRHL 3.89 mg BPTAP A T 10 mL (1 DMSO
o ECH 107 mol-m LT IR AVE I i A . BL0.1 mL
BPTAP fi# 45 W , 73 % 1] CHCI, \EtOAc . THF .ACN .AC .
DMSO .MeOH ,DMF #i £ £ 107° mol-mL™", DL # %
AR TR BPTAP GRS B 5200 . #F ACN 7 Hh i
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ARE T E K (0~100%) , 5 48 AN[R] & K & %] BPTAP
DENCHRFERIFZ . FEK A NaOHF#(0.01 mol-L™)
¢ HCI ¥ ¥ (0.01 mol-L™") LA 15 BPTAP i ¥ 1Y pH
{8, % 2R [A) pH {E X BPTAP Y63 5 1 520

1.3 BPTAPHIRR X EMXMERZER

0 2% 520 BT BPTAP 9 6 Fa i M 19 2 i, BP-
TAP [ ACN ¥ Wi 28 A [A] I K % B O 38 11 D0 A5k 5
H5.5 mwe-cm™), G HE B 4r 58 254 nm 365 nm |
450 nm FIA BH G, I35 B 1 40k 6 S2 58 1 S X BR 4 .
IR BPTAP I BOE R 5.0 h, [ B& 1.0 h ) % 375 T 10 5
JER

2 SR BE T BPTAP 98 6Ha 8 M52, % BPTAP
) ACN ¥A W 73 3 B T 5.20.35 .50 “CIREHEE T LK
W 5E 0.5.1.0.1.5.2.0 h ' BPTAP #9965 & o

b LR W pH E X BPTAP ¢ Y6 K 1 19 5% i
P4 % BPTAP % Wi (% /K & 4 10%) ) pH {4 (2.0~
12.0), %k 10 min il 22 BPTAP % ) 1) 96 JG 58 o
1.4 BPTAP B9 St i 4 il ik

BPTAP Y 52 SM G5 I 5 S 1 em Lo (3t , 7 Cary
100 840 -1] W% 43 9656 B i 1 & 200~800 nm J% K
10 [ Y 58 A I IO o

BPTAP 1Y 2¢ 5t 0t 1% W & i FH 1 em A7 353t , 7F
LS-55 2 643 Y BE T 1l o2 350~750 nm P K 3 Y
KWEEIE B K N 460 nm ik B 4k R A S 4k
Ay 10.5 nm A1 3.0 nm.,

1.5 BPTAPRAXFIRHMBEREA S

K 8 RO AR 3 - 4 B BT Rk ] H R
(UPLC-HRMS) Xf BPTAP £ A ] pH ¥ 55 T 1 29¢ G 5
B HLEIBEAT A A5 A BPTAP YA M2 0.22 wm JEJIE
T UE 5 H#E AR BTER FHA 354 T BPTAP B 43 A 4544 1 1k
G3AT o RO 835 25 < B35 A Syncronis C18
(100 mmx2.1 mm, 1.7 wm) ; H N 30 °C; i M
0.5 mL-min™" s HEFEARFR ]y 10 L Uit 3l AH S K A2 i
TRARFR ;K BB EE BRI 73 B A2 : 0~7.0 min, 35%~
75% ZJ37.1~8.0 min,100% ZJi%3;8.1~11.0 min, 35%
O ZAEFESIR I 45 3 K 210,230,254 .360 .
460 nm #1500 nm,

A B IS A KRR LA LB R (APCD) , &
Y45 TR B 320 °C, #RET R 350 °C; #5135 arb,
W 10 arb; 7 8 X H Full MS/dd-MS? IE it
BB E] I T A B R (m/2z) 43 438 D 50~
750, — 2% Ji 5% 4> ¥E K Ol 70000, 9 F 1G4y B RN
17500 H—{L Al 8 fiE 5 24 20,40 eV A 60 eV,
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2 HR5iH

2.1 BPTAPRKHIEBEMHIEE
2.1.1 AT AT BPTAP KL 14 R & i

T 5% BPTAP 1£ 15 W T 19 58 A1 W0 3% 1 28 6 &
SEIEA BT T BPTAP (6% et . Ik, BT
BPTAP 7£ CHCI,. EtOAc. THF, ACN, AC. DMSO,
MeOH DMF 1 (1) 55 AW SO0 1% Fn oo & 4tk oAb
W G T G 1R 1 IS, BPTAP 6 K0 20 1 7 v i o K
W P KA T 457 ~464 nm, 2R 1T, DMSO fil DMF £
T EBPTAP 1Y 52 ARSI e A= BT 41 8% , BPTAP 7
DMSO F1 DMF 1Y f5z K W W i K 73 511 24 474 nm Fil
512 nm. BPTAP 7 K &8 43 ¥ 57 i) B8 ZK W O 3R 5k
3.23%10%~3.90x10* M™'-cm™ , {2 7E DMF H i1 B8 /R 1)
R, LR 2.02Xx10° M- em ™',

5 ——CHCl,
— EtOAc
03 —THF
g ——ACN
& ——AC
£ L5 ———DMSO
| ——— MeOH
0.1 — DMF
0.0 : ; ' :
400 500 600 700

wavelength / nm
B 1 BPTAP {5 o A MO 1
Fig.1 The absorption spectra of BPTAP in different solvents

BPTAP 174 ¢ %3 W 18] 2 fF 7%, BPTAP 7835 /0 A
BLVE 7 B B 1 9Ot R ST B G , RIA R A0
BPTAP 7£ A [F] ¥ 71| v 19 2¢Ot & i 6 1% 4 [ oy 450~
650 nm, fix K2¢ 6 K G K 491~519.5 nm. BP-
TAP (18 55 K9 ' e S8 e A i 175 790 Bl P 185 o vy 90 s 210
B It fa #, an e CHCL (1 4.1) 201 28 491 nm, 7£
ACN (H t 5.8)2" I 21 £ % 508 nm, 7£ DMF (# 1%
6.4) 2 £ F % 519.5 nm, X £ 32K K BPTAP
352 VORI R S LS AT TR AR | T AR
PERY 1S KX BPTAP UL A BRI R E B . sk,
BPTAP 75 K8 435 7 b (9 T 46 5w 3 67 #8 2 34~48 nm,
{HYE MeOH (1 i 46 52 107 7 # 28 K (60 nm) , 7E DMF
HTFE s I A BN (U 7.5 nm) .

T3 AN B ST K BV R 2R BPTAP 98 38 B B A
BRFI . BPTAP 7E ACN 1 % 't i 5 (A %o 58 )3 52
4 100%) , £ EtOAc . AC Fl MeOH H. A5 4 5% 5¢ )t (#
XF 5 I AE 90% LA ) o SR, DMF #1 DMSO 2x & 5
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BPTAP Emitting
fluorescence

a. the fluorescence of BPTAP in some solvents

3901 ——CHcl,
2 S ——EtOAc
2 2504 ——THF
£ 200] ——ACN
8 ——AC
§ 150 ——DMSO
g 100, ——MeOH
< 501 ——DMF

0

400 500 60 700
wavelength / nm
b. fluorescence spectra of BPTAP in different solvents
2 BPTAP 5L UG K AE AN TR) 8 70 v i 2 1%
Fig.2 Fluorescence of BPTAP and fluorescence spectra in

different solvents

BPTAP %¢ % K i Vi 55 , BPTAP 7E DMF il DMSO H ()
AF T 5 5 43 1) 4 % 5.55% F10.58% ., 1 UL, B4R
BPTAP ELAT 4 /Nl 56 58 A, 0 L AE 38 40 A WL 77 b AT
HABRITEE S, BPTAP R34 N 1k i A BA %
AL IR JE K2 . % T BPTAP7E ACN LA #% 1%
(R B, 18 T ACN P A i SE B 58 IR 71 .
2.1.2 &/KEX BPTAP 38 EHI &

H T BPTAP A £ o B3 B 45 ¥4 3¢ B 1 5 A4 i /K A
FH 8 700 2 7K B £ % BPTAP (19 98 % 8 B 1 Bl 488 K %
Wi o A, BIF ST T % 2K B 4T BPTAP %€ 6 5k B (1 52 i)
SERNE 3R . B 3R LLE L, BPTAP & Wi 1 7%
i it K R 10 TG ST SR S . A D

600

500

P— N w P
o O O O
L=} Lo o = )
N N N N

fluorescence intensity

o
N
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water content / %
B3 BPTAPfE LI W F 5t o I B 25 /K it i 22 Ak
Fig.3 Fluorescence intensity of BPTAP in acetonitrile solu-

tion varies with the change of water content
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I, BPTAP A 2 G0 B 25 Frsifin o & 7K 4
10% ,BPTAP 2t B L IC/K G &L F3E /N 1 53%. X Af
R KM S TR & KkES R
KR A I B B (5 43 BPTAP B9 n—ar*BR AT /9 i
WK, mom BRAT 19 B A B AIG, DT BPTAP %5 2
eI . ARSI KSR AT, BPTAP 3 ) 19 2¢Ot i
JEEIPUEE T . & KM 10% 38 2 40% , 9Ok iR JE
R T 36%. 48 KN 90% I, BPTAP I LT 1%
B2, WA R MR R D BUEN . mE
KEAE LT BPTAP %6 KR 18 55 , 3 2252 [H 2 BPTAP
H B HA BRI R 7573500 b i K P o W i
PR 22, P2 I ) & /K i 25 5 3 BPTAP I fif J K i [
I, 3105 30 BPTAP 43 F MW W P DL vE b7 i, 51 i %
WA EIES . I, 10% M9 & 7K & 23 15 5% BPTAP 928
6, T Ak 22 1 K K i ) 25 5 BUBPTAP 28 G il F
R, DR BE B 3 K i R 10% AT I S0 5% .
2.1.3 pH X} BPTAP 3¢ S¢ 1% iR HY 2% 0

7 B 5 K R A SRR L 2R — S T 10%
G KR AR pH X BPTAP 56 1E R 5% 0 . WF 5%
SrHT T pHAEAE 2.0~12.0 Y5 B N 1) BPTAP % 6L % &
AR AL G5 AN B 4 TR . fR B 4 AT J, BPTAP #£

500+ 2 ——pH225
——pH6.70
2 400+ ——pH 9.57
g H9.95
5 | ——pHo.
£ 300, Pl pH101
e ——pH 10.26
: 200 — pH1051
S 100- jg ——PHTL%
0

500 550 600 650
wavelength / nm

a. fluorescence spectra of BPTAP in acetonitrile

solutions at different pH values

100+

80+

60+

40

relative intensity / %

0]  R=098452
204 k=-10081127

relative intensity / %

9.50 9.75 10.00 1025 10.50

0- pH
2 4 6 8 0 12
pH
b. relative fluorescence intensity of BPTAP varies

with the pH value of acetonitrile solution
4 pHXF BPTAP Y 1 5 11 5% 1
Fig.4 Effect of the pH value on spectral properties of BPTAP
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pH{H 2.0~8.0 G H N , A K & oot , H pH{E
B RN 2 W1 9 el AR JLB iR B . 24 pH>9.0 if, BPTAP
WG AR N . 2 pH{Eh 10.5 1), BPTAP
WL T A %6 . BPTAP By %GR ¥ (y) 76 pH
(X)7E 9.5~10.5 i [l N B B hF M2 PE G R R
H y=1065.10-100.81x, R?=0.9845. i iF Boltzmann
bR B L & BPTAP 28 S0 JE 5 pH 1 56 272777, 18
BPTAP /) pKa i 10.08. Ik, 5% & BLRA % pH {E 1)
Ham , BPTAP % W 2560615 K £ #E#% . pH=2.37 i,
BPTAP 1 e K& G4 i 513 nm, pH 14 % 10.51 1,
BPTAP ) fie K & S 4 7% % 500 nm.,
2.2 BPTAPHIRKXFEEM
2.2.1 FEX BPTAP % FaE MY &

BPTAP 5 74 ¥ 06 MU T A 8 & 0t 906, i ¢
I e PR BPTAP 261 B 1 2P M F8 b5 2 —
S WEFE T BPTAP B MAE A [ 6 BEZR AT 1Y 2 e 1
SEME . 5N R TR U KO B 6 BPTAP ¥ i 9% 6 5 J
M52, & 5 TR, KB GRS 4 3 1.0 h 5, BP-
TAP ISR E A R TR, FHET 1.32%, M4
254,365,450 nm 255G 1.0 h, BPTAP (175 S5 J
SR T 3.68%,2.26% H16.03%. 4E K 6 B i 1a]
(M 1.0 h % 5.0 h) , ARG BE S48 X BPTAP 92 % 5t
() 52 Wi R BE HE P N - 450 nm 2248 6>254 nm 486>
365 nm EAME> K BHG~R I IR EE . A T H Al 3 K
JEIR 450 nm G IR BPTAP 28 158 i T I 13 3 K,
X JE K 450 nm 6 BT BPTAP (9 e KIS
450 nm PR EH 5 BPTAP il , 2L BPTAP 43
T2 450 nm G TR fR 28 AR e TR .

100
= 904
=
é go]  —* 254 nmimadiation
GE> —e— 365 nm irradiation
% 20 ——450 nm irradiation
© 1  —e—sunlight
—a—dark
60 . . , T T T
0 1 2 3 4 5

time/h
B 5 AFEDGHE ST BPTAP AR 2GR B K I k] (14 28 4k
Fig.5 The change of relative fluorescence intensity of BPTAP

with time at different light conditions
2.2.2 BEX BPTAPRIaE MK ZMH

TR R R G Ot R R R
Z— NI, %57 BPTAP £ 5.20.35.50 °C 41

Sttt
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B e e BE AR AL 45 R 6 TR . FIE 6 AT LA HY
765,20 °CFALBE 2.0 h, BPTAP ¥ W 1Y 9% % 58 J& 43 )
T REN.37% .3.67% , 3% LUK IR 5 T BPTAP I
PR E MR AT . Bl PR B IR 09 T BPTAP I
PG FERE R T N T . 7E 50 CHEE PR EL 0.5 h,
BPTAP % G5 & ik F & T 5.22%,2.0 h 5 , % Gk &
TRENIL9.79% , FRERE LS CHEE T 752 L
AL, Th R E 4 S EBPTAP Y286 Ra E ME T R, X
=N N T R R £ IR BPTAP R g ¥ R 4 178 IR
F R PGS 3, 8K T BPTAP RV 7 40 1 il 18 1 K
B L, BETHI 55 T BPTAP & W75 6 Fa s 1 .

=
.%‘
£ 80 —e—5°C
§ ——20°C
B 70l ——35°C
[&)
= —e—50°C
60 . . T T T
0.0 0.5 1.0 15 2.0
time / h

6 AIANR LT BPTAP X 9% 't 5 B2 B ik 1] fr) 28 £
Fig.6 The change of relative fluorescence intensity of BPTAP

with time at different temperatures

2.2.3 pHXIBPTAPZ LR E MMM

PE— % 88T BPTAP I 9 V676 AN [R) pH (H 7 T
AR IR E T . WE 7 FoR B 7a G E AN IE TR
HO I AR 60, 18] 7h Ry 52 A0 0 BRI B0 I8 TR 5 Ot I
% . BPTAPFEM M rh ik (55 M 21 B8 T ¥ oA i
4% 8 90t o 1Y SRS MR L BPTAP 2 428 6 1H 2%
IEZ W R LA AR B . B 7¢ AR pH F R
T BPTAP % ¥ 1) 7€ S 5ik B Bl 15 (1] 4 25 Ak, 7T LA 2R
Al pH "~ BPTAP %5l 5 J8 145 i I 5] 1 o i 228 87 T~ I <
W pH (E B K, BPTAP 2 5 i FE il ] 1] 42 £k (9 °F %
A o W E ) b A R BE Y, BPTAP 2 6 i
(y) SAE B (x) B ARGt xR (K1),
BPTAP %% % il 1 5 (k) bl pH i 3% i ifi 12 i 3 K
pH=2.08 % k> 0.015X107 min™", 24 pH 1 K %] 10.39
W, kB2 35 2 3.211x1072 min™' A, B8 PE FR B R
{053 BPTAP 2 G5 B T [, ib 23 82 55 BPTAP 93
JEE 11 R AR R
2.3 BPTAPRKAFIRHFIFAR

g AT BPTAP 76 A [A] pH {E 3R 55 F 56 % 58 )& 19 A8
FEHLED , i — 25 R T 548615 OO0 R
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() pH 2.08
100

80+

60+

40

relative intensity / %

[ ]
H 1039
20] P

0 20 40 60 8 100 120
time / min
7 AHAE(a)FETE (b) 55 G U N ASH] pH (9 BPTAP ¥4 i
VAR 8 WA 0T ¢ Sl 5t 32 I I [] A9 22 46 ()
Fig.7 BPTAP solutions of different pH values without UV
light (a); under UV light (b) ; the change of relative fluores-
cence intensity of BPTAP solution with time at different pH

values (c)

F1 ANIE pHIREE T BPTAP I W1 AH X %€ > ot B [ BsF (1] 119 22

RS 28
Table 1 Linear fitting parameters of relative fluorescence in-
tensity of BPTAP solution over time in different pH environ-
ments
pH linear fitting equation R? k/min™'
2.08 y=99.9463-0.01478x 0.9896 0.015%107?
5.65 y=99.4382-0.03130x 0.9725 0.031x1072
9.23 y=99.7732-0.13859x 0.9934 0.139x1072
9.79 y=98.3953-0.27728x 0.9839 0.277x1072
10.27 y=98.1922-0.75115x 0.9963 0.751x1072
10.39 y=95.1180-3.21100x 0.9352 3.211x1072

Note: R is correlation coefficient, k is the fluorescence decay rate of BPTAP

solution.

A o B B3 X AR A i B AT T IR A . W
Kl 8a T 7, 4 7 TR 1k A2 9 Bl BPTAP % L 7 K 5
P AU B 9 DA [ R P, SO R BB &, SR W] BPTAP
iR RE A T . AnTE] 8b BTN W RN R PEE
Bl PR I6F, BPTAP B 58 S0 W ' 1% K AR 2088 , 4 K56 b
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100{ =— = R
pH 2.08 A
< 804 |
-~ 1
1
z o X
2 4 ’ :
£ 2] :
2 ik
pH 10.69 pH 3.06
0 1 2 3
time / min

a. the change of fluorescence intensity after adjusting pH

0.6
460 nm 9
0.5 ‘ ——pH2.25
04 ——pHB6.70
g ] ——pH9.77
8 03 503 nm PH| ———pH 10.11
5 309 nm ———pH10.26
2 024 ———pH 10.51
0.0 : T ;
300 400 500 600 700
wavelength / nm
b. UV absorption spectrum of BPTAP
in different pH conditions
/\ pH 2.08
/
/\ pH 3.97
= A pH 597
;c; Bh pH 8.50
E 1.1 pH 9.55
| pH 10.24
K BPTAP pH 1041
0 1 2 3 4 5 6

time / min
c. the UPLC of BPTAP in different pH conditions

100 359.0121F
80 o, NRAS on

= 50l N/ \

3 N=

=

S 40 ON NO,

2 1
20+ 208.0100
0] y JAuIJlJ.l.AL.Ill.l ,

100 200 300 400 500
m/z

d. HRMS of compound 1

8  BPTAPZOLHEIB AL R AL Hr
Fig.8 Characterization of fluorescence decay mechanism of
BPTAP
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a. single crystal structure and C—N bond lengths(A) of BPTAP
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b. possible fluorescent decay mechanism of BPTAP
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Fig.9 Analysis of fluorescence decay mechanism of BPTAP
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Fluorescence Properties and Fluorescence Stability of BPTAP

LOU Ying-jie', CHEN Jian-bo*, DING Huan’, LIU Yu?, WANG Tao'
(1. School of Nuclear Engineering, Rocket Force University of Engineering, Xi'an 710025, China; 2. Institute of Chemical Materials, CAEP, Mianyang
621999, China; 3. Hubei Sanjiang Aerospace Jianghe Chemical Technology Co.,Ltd. ,Yichang 444200, China)

Abstract: The fluorescence properties and fluorescence stability of 2,4, 8, 10-tetrabroitro-benzopyrido-1,3a, 6, 6a-tetraazapentylene
(BPTAP) were comprehensively investigated. The spectral properties of BPTAP in different solvents (acetonitrile, methanol, tet-
rahydrofuran, acetone, trichloromethane, ethyl acetate, N’-N’-dimethylformamide, dimethyl sulfone) , content of water
(0-100%), pH (2.0-12.0) were studied in detail. The effects of light, temperature and pH value on the fluorescence stability of
BPTAP solution were investigated, and the mechanism of fluorescence decay of BPTAP solution was analyzed by ultra perfor-
mance liquid chromatography-high resolution mass spectrometry (UPLC-HRMS). The results show that although BPTAP has four
nitro groups, it exhibits strong green fluorescence in some organic solvents. The fluorescence intensity of BPTAP in acetonitrile is
the highest, and its maximum absorption/emission wavelength is 460 nm/508 nm. Low content of water (<10%) can increase
fluorescence intensity of BPTAP, while high content of water (>10%) decrease the fluorescence of BPTAP sharply. BPTAP has
higher fluorescence in acidic, neutral and weak alkaline conditions. When the pH value is above 9.0, the fluorescence of BP-
TAP decreases rapidly with the increase of pH value. BPTAP shows good stability in room temperature and natural light. The clos-
er the light wavelength is to the maximum absorption wavelength of BPTAP and the higher the temperature, the worse the fluo-
rescence stability of BPTAP. The increase of pH value not only reduces the fluorescence intensity of BPTAP, but also accelerates
the decline of BPTAP fluorescence. The mechanism of fluorescence decay of BPTAP under alkaline condition is based on nucleo-
philic substitution. The nitro group at para site of pyridine ring is replaced by the hydroxyl group in alkaline solution to form a
new compound 1 (the elemental composition [M-H]™ is C,,H,N,O,).

Key words: 2, 4, 8, 10-tetrabroitro-benzopyrido-1, 3a, 6, 6a-tetraazapentylene (BPTAP) ; fluorescence characteristics; fluores-
cence stability; fluorescence decay mechanism
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