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Abstract

A novel fluorescent monomer, 4-butylamino-N-(2-N’,N’-dimethylamino propyl)naphthalimide allyl
chloride quaternary ammonium salt (FT) was synthesized from 4-bromo-1,8-naphthalic anhy-
dride and N,N-dimethyl-1,3-propanediamine via amidation, amination and quaterisation. The flu-
orescent tracer acrylic acid/itaconic acid (FT-AA-IA) was prepared by copolymerization of FT,
acrylic acid (AA) and itaconic acid (IA). The effects of FT-AA-IA on fluorescence and scale inhibi-
tion were researched. The results showed that the excited and emitted wavelength of the FT-AA-IA
is 447 nm and 546 nm, respectively. The relationship of fluorescent intensity and concentration of
FT-AA-]1A is linear. The lowest determined limit is 0.19 mg-L-1. The FT-AA-IA scale inhibition per-
formance was studied by the static method. The scale inhibition ratio of CaCO3 is 89.3% when the
concentration of FT-AA-IA is 12 mg-L-1. Other water treatment chemicals have no effect on the flu-
orescence properties of FT-AA-IA.
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1. 51§

Tolk A= rp, PEFRAEIK M & T /K1 70% 7 4 . RAE SRR A, (HZ RAGH
G, AHUKEGSESIE, AT SE T IERAHKE WSS S8 AR A A K45 e . BHIR 771
2171 DA B 7% T 750 R ARG IR A HK R 45 Y5 . TSR E M AE KRB 5 o Gl W i S /K b B 2
FURI &g, HA RGUHATSER N2, BT TolkyKAbER o &40 B DG . AR G722 il e S i & &,
HEEEBE, FETRBTIN G . SR 2 MR B L K A 38 24575 v] DA G M Ui AN I R[] Bl TR BRI 58
PR EE S KA FR A IR B R OC R, tHAOGIR AL T DAAS B /K AL BR 255 R FE, - AT S 3 pRsAsr A0 5
hnZ§[2] [3].

IR B K AL B 257538 R DU I =7 iE R R AR R [4] [5], RUKEAA R NRER D)
RE 2 771 5 7K A B0 2 7 e B — 5 T LB AT VR A, AR A I 280 PR 5 Dt s B 791 09 8 T e O o 7K Ak B 245
PRI EE o X PP, AR FrA B A ORI MY R S BAE RS, s BRI R AR
JHRIE E . NGB LTRSS . BB MR R A, RK K A B 24 7 (I AR R TR A )
5B @IS 2 NS BI[6] . B =R, R ESEE IR TR, R KA 2 Ak S
FOCEARTE SR TRHATR A, B2 IREF BRI ZG7[7] [8]. IXFh vk fbis, il & M2 R
M, AREEREE, BIRROGRERR KA B 7 AR R R R TT IR . %A R & AT R E
WU H. 5 B 0% = (R B4 [9] [10]

AL 4-1R-1,8-25  HIERETAT NON-— F3E-1,3- 15 oM RRE, 2t Bhitl . b it i =45
SN, 45385 7 T B8 A U 1) 5 ' BAA A= T e JE-N-(2-N7 N- — B 5 ik 7 i) 25 — R T fe s 7 ik G A
(FT)o FH DAIRGZE G B A 5 K Ab B 247 751 PR A TR R B AR R R AE 51 R AN 24 N AT 5, B RA %Ok
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IRERINREMIKALEE 2G50, FFRIETE 1 AEAEIA VS FNK A BEYGE 73 BRI RE 12798 6o B 7K Ak PR 2457 A SR AE S bR
TREPAEINA .

2. SCIGERSY
2.1. FEFERNFNE

4-R-1,8-ZE " HIREF . NN-FHJE-1,3-T5 i I EEEON Tolk i, (EF AT T3ea. HRE. ZFE.
TEHRE IET R LR EE, N N- T R S 2 T A AR . ATMP (G0 = X TR)
HEDP (1-F245 4 5E-1,1- B R) . HPMA (KfE R SRR ET). PAA CRINIAIR) SN Tk .

Bruker DRX500 MHz #Z i3t 4R (*H NMR): 42 [E Bruker A, #6066, F-7000, HAH.,
2.2. FT-AA-IA HRERFIR AR

22.1.FTHEmR

1) FT A A= BT
| ~/ ¢or
~ N+
\/\
0._0._0O Hﬂ J
N(CH,),CH,CH,CHNH, O N CHBCHQCHZCHZNHQ N _HC=CHCHCI Oy N0
OO CH,CH,OH reflux CH LOCH,CH,0H,130°C_~x_~~,  DMF,110" C g
. O
Br
NH NH
L&) L&m©2) L &H(3)

2) tEWIL)HIA R

FREC 4-1R-1,8-Z5 15 10 g (36.09 mmol) T =B, A 30 mL £FE, Z2ig4ite, b N,N-ZH %
-1,3-74 —#% 9.1 mL (72.18 mmol) 1 20 mL ZFEERIVR AL AN 5, R8T E R, M
JEEIEIRER, HERNEEH, AHEIE, 530 AE K, EYQ) (R ETR ST R = 10:1).

3) thEMQMIA K

FREX AR B = 4(1) 5 g (13.84 mmol) T- = HBelid, oA 20 mL & —FEH K, Zeigdidt, winik
THEMZ 2.7 mL (27.7 mmol)F1 10 mL ZEEFR-AW, [FIR 22187 2 130°C, HHEZEGIiEmREE, HE RN
W, UREADE, EBREEN O RERES, AMEEET S, G2 EH A TR) (BRI &R kR
HEE =10:1).

4) LEME)FT)HIE R

FRE_E 32 ml i =94k &490(2) 0.5 g (1.415 mmol) F =68, A 5 mL DMF, ZEMEH+E,
JTN LS 0.46 mL (5.658 mmol) il 5 mL DMF (iR, FIRZEA 2 110°C, H#EZAIERE, HEk
IG5, JIEZE, LRI RN DMF, A1, 15208 5, RIS, 520 H R Ea23) (FT) (R
BRI Z BT & b B = 10:1).

2.2.2. FT-AA-IA R REFIN &R
TERAT NN AR SF o IR BE TR IR A S 1 DY VRS N — & B E B Tk . KRR
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TEARF . VORI S 98 W B (FT), FEHEHE FINIE 90°C, ZERSIARYT R, Whn— & BRI iR e |
PG TR AT BRER S ANIATE, IR EHIZE 90°C, 50 min P58, 4R4E50E 6 h, A EIdkl, BIfEtEa s
B I RYVE IR FT-AA-IA,

2.3. FT-AA-1A TRERFTIROZE A4 RERI E

RO — & ARt I L RIS FT-AA-IA, VR T 2818K R, EEH) AR ) FT-AA-IA TR,
RN I 1 B AT ORGSR S G EE 4, I8 2o B B R R KA K S K. TERE, 8
RREEFN R PR 4% 55 B8 10 nm,  FAH3 R
2.4. FT-AA-1A 7RERFTIFR YR 14 GE RO E

I B A HYGEN FT-AA-IA FIFBRERES MR AT I E o BRI /KA A L AKIRIE 26 AR R . R
80°C; Z5FMRE SN 2, 4, 6, 10, 12, 16, 20 mg-L%; RIGMHE]: 10 h; WRIGE B /K: Ca?* 250 mg-L Y,
HCO; 250 mg-L™* (LA CaCO,it), R&EfEHN 1.5 fi5; RO INZ45I 25 (1525 . 5 80°C FIHIE.
W, #EEFIRE, LLEDTA NG N E KR e 25 145 B8 1 IR E, M5 FT-AA-IA [1FH

3. &R5iT1ie
3.1 TR FT NEHRRIES M 6E

RICHARI FT &R N=20, o il i tb &) EWQ) & FT. =MUEWtiItiRE
53 A

& (1): *H NMR (500 MHz, CDCl) 6 8.66 (d, J = 7.3 Hz , 1H, ArH), 8.57(d, J = 8.5 Hz , 1H, ArH),
8.41(d,J=7.9 Hz, 1H, ArH), 8.04 (d, J = 7.9 Hz, 1H, ArH), 7.85(t, J = 7.9 Hz , 1H, ArH), 4.23 (t, J = 7.6 Hz,
2H, CH,), 2.43 (t, J = 7.3 Hz, 2H, CH,), 2.25 (s, 6H, 2xCH5), 1.94~1.88 (m, 2H, CH,).

t&%0(2): *H NMR (500 MHz, CDCl3) 6 8.57 (d, J = 7.2 Hz , 1H, ArH), 8.46(d, J = 8.4 Hz , 1H, ArH),
8.08 (d, J = 8.4 Hz, 1H, ArH), 7.61 (t, J = 7.9 Hz , 1H, ArH), 6.72 (d, J = 8.5 Hz , 1H, ArH), 5.26 (t, 2H, J = 9.3
Hz, NH), 4.21 (t, J = 7.5 Hz , 2H, CH,), 3.41 (q, J = 6.5 Hz, 2H, CH,), 2.46 (t, J = 7.4 Hz, 2H, CH,), 2.27 (s,
6H, 2xCHs), 1.92 (quint, J = 7.4 Hz, 2H, CH,), 1.80 (quint, J = 5.9 Hz, 2H, CH,), 1.55 (quint, J = 6.5 Hz, 2H,
CH,), 1.03 (t, J = 7.4 Hz, 3H, CH,).

E&M@3): (FT)'H NMR (500 MHz, CDCls) 6 7.769~7.605 (m, 1H, ArH), 7.591~7.532(m, 1H, ArH),
7.362~7.211 (m, 1H, ArH), 7.133~7.102 (m, 1H, ArH), 6.042~5.965 (m, 2H, ArH and -CH=), 5.706~5.636 (m,
3H, NH and =CH,-), 3.957~3.924 (m, 2H, N-CH,), 3.713~3.70 (m, 2H, -NH-CH,), 3.402~3.343 (m, 4H,
2x-CH,-) 3.090~3.075 (m, 6H, 2xCHs), 2.031~2.016 (m, 2H, -CH,-), 1.66~1.62(m, 2H, -CH,-), 1.48~1.45(m,
2H, -CH,-), 1.02~0.96 (m, 3H, -CHs).

MAZREAIR S AT LA Y, 7E 5.706~5.636 1 6.042~5.965 At B T /G L OHFAEIE, S5 T
AT EBARAE, U IRATHE T 12 Y0 8 Bl & K] B AR 4- T HE4E-N-(2-N7 N7- — FRBR T ) 25 —
P T e 0 TR A (FT) o 10 G B PRI I8 AR R SR K 40 30l F 447 nm T 546 nm.

3.2. FT-AA-IA REFIB 4 RERT SR

3.2.1. FT-AA-1A TREEFIRIZR A S
FREL—E M) FT-AA-IA JREET], BCHISOKETR. B, BIERED IR S, #4738
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RO, 13 BRI R G SRR TR O R HHOBOR B, BT RITIE K
B, 46 L pR. LT, R R DG R K431 447 nm I 546 nm,
SRR FT BRI R KA, S0 S0 T B T 47 54 SR 4 B
FT 1R G A B[]

100 A L ' L
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WA /nm
Figure 1. Emission and excitation spectra of FT-AA-IA
1 FT-AA-IA BYBR SRS R ST ik

3.2.2. FT-AA-IA REEFIMIZE SR M 4 Bk
PR EET B G 5 R B 2 () R o R kg 1 %R BEFIE Dok i B P A 5. BRIk, [l
FT-AA-IA JREEFI R B, I E AR FE R R SR T 5HMREE 2 M55 R 45 R 2 fixs.

800 |

0 2 4 6 8 10 12 14 16 18
CFT-AA-IA / mgL™]

Figure 2. The relationship between fluorescence intensity and concentration of FT-AA-IA
2. FT-AA-IA IRESRHBENXR

Hil 2 AT, PSR Pl WRIRE SRR, RENK TR SR S HIRE 2
REFINENER R, LRI RECN 0.9997. RFE AR TR = 3 ok (6 WITZE, kK ARIEK), AREN
RAPRI TR 0.19 mg-L ™t HAABARMAI TR, 765 HEH KRG, KERAZHKLIEZ
FIR G, Hp—HaMREANT 20 mg-L ™t B2 3 B AN S FAS T 2R 75 & E LRI R R, 7
SEBR AR R A A B IR S AT S5
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3.2.3. FT-AA-1A TRERFIRI PR RER 5T

1) FT-AA-IA 7R IR ) PR IR £ 35 BT 5T

SO 5 FH ER S PRV 08 B IR R 127 9200 5 RO JELEE s 640 S A R 70 R0 A Jon BEL
IS5 KA TN, {2 CaCOs M, SRJ5 FIIE K P AR FA () Ca® S AR 1k, #5/KH R Ca®
FrEin, WA R BRER S IRt A, %K A B 24575 (B R g

100

9 | A———Aa—4
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= 70k
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Figure 3. Scale inhibition performance of FT-AA-IA on calcium carbonate

[&] 3. FT-AA-IA 3 iRER$E R PR YR 14 AE

M3 FTLLE R, FT-AA-TA XHRRERES YR 1401 A8 It 25 FA B2 (38 n i 38 o, F 22 e B 1 o 1)
12mg-L7h, BHIGRMINAIIE . Fik, 24 FT-AA-IA #I0E AN 12 mg-L ™ 65 BRAS i FELYE 2N 89.3%.

2) HHBHYG 2 BN FT-AA-IA 56 PERE ) 520

TolkA =, HH RS FATNIRAHH . R LERT FT-AA-IA 53 Al H I BRYGE 2 BRiR &
T, FatERE T REAZ RIS . 3% F R ML H G 7 BT a0 ATMP (Z02E = F X #R). HEDP (1-F25: 2 4%
-1,1-JBER) . HPMA (KRR 5oRIRET). PAA CRIAIGIER) S 4 P25k Foxt Ha e mt o, &5

K 4,
800
700 F
600f vV—v v vV v—v Vv vV
A A A A A A A A A A
@(500 -
ﬁ«)(}- o o e 0 9o O 9o 0o O
'ﬁgg,()(]- " m & 5 8 ® =2 — 8 8 @n
200 | —®— PAA
—®— ATMP
100 | —A— HEDP
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0 L L L L
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4
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Figure 4. The effects of different scale inhibitor to fluorescent intensity of FT-AA-1A
4. BHUKRIRBETIXT FT-AA-IA 4 EERIS N
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o 4 T, H KBRS E FIE T N2 RIS DL R X FT-AA-IA I EsREEREATE M. BRIk, %
TR IR K AL P 24 75T L5 H A 3 R o A e 7RV o P T AN 2 L ' R TR RE

4, 4Eig

1) DA 4-1R-1,8-Z5 — HIERIF AN NON-— F 5E-1,3- T8 oM AR I e, &t =20 N, 1928185 AT R EX
BRTIERAR . K FT 5RBIRAA) K FERR(1A) TR ] FT-AA-IA LR,

2) FT-AA-IA SERM 7600 E SR BIRIE 2 RIFIL&MER R, B0 FRN: 019 mgL™ .

3) HINZiEHN 12 mg-L e, FT-AA-IA LRV ERAS () FH Y5 5 7] LA 2 89.3%. A RN KK
BH Y5 M RE -

4) HoAthH KA BRZ5 5% FT-AA-IA 2GR 520 .

5) 1R ER KA R 2 ) AR bR TR BIRI A, WA E BRI, AR B AR
GRS SRS

E&WE

P T AR 2 RE BRSO H (9 5. MS12021052) Rl i K27 K2 4 GIET Il 2R 050 H B2 3)(202110304133H,
2021103040182).
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