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THIET KE, TONG HOP VA GIAI THICH HUYNH QUANG
CUA CHEMODOSIMETER TU DAN XUAT FLUORESCEIN
BANG LY THUYET PHIEM HAM MAT PO
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Toém tit: Bai bao nay trinh bay ly thuyét thiét ké va tdng hop chemodosimeter Fluorescein hydrazid-
benzylthiocyanat (FS) d€ xac dinh Hg? dua vao phan ting mo vong lactam ctia dan xuat fluorescein br?mg
ly thuyét phiém ham mat d¢ (DFT). Cac tinh toan ly thuyét TD-DFT va NBO trong bai bao nay dwgc thuc
hién v4i ham B3LYP bﬁmg phéan mém Gaussian03. Viéc so sanh cac théng sd hinh hoc (d6 dai lién két, goc
lién két va goc nhi dién clia cac nguyén tir) cua fluorescein da duwgc t6i wu hda véi hai b ham co sd
Lanl.2DZ va 6-311+G(d,p) bang phuong phép kiém dinh phu thudc cip t cho thdy c6 thé st dung bd ham
co s& nho LanL.2DZ &€ giam thoi gian tinh todn ma van cho két qua déng tin cay. Tinh chat huynh quang
ctua chemodosimeter FS duoc giai thich qua phéan tich TD-DFT, NBO. Két qua cho thdy FS khong phat
huynh quang do trong FS ton tai vong lactam lam cho hé lién hgp = trong fluorophore bi gian doan dan
dén sy tat huynh quang trong FS; trong phan tit FG la san pham ctia FS khi tac dung véi Hg?* cdu trac
vong lactam bi pha v&, dong thoi tao vong 1,3,4-oxadiazole, dan téi sy hinh thanh hé lién hop 7t tir
fluorophore cho dén receptor, vi vy phéan t&¢ FG phat huynh quang. Do d6, chemodosimeter FS dugc duy
doan hoat déng kiéu OFF-ON.

Tt khoa: vong lactam, fluorescein, TD-DFT, chemodosimeter FS, OFF-ON
1 Mé dau

Viéc thiét ké va phat trién sensor huynh quang phat hién cation kim loai quan trong
trong mdi truong va mau sinh hoc dang thu hit sy quan tam ctia nhiéu nha khoa hoc, vi ching
cho phép phat hién nhanh chéng cac cation kim loai ma khoéng can pha huy mau, bang cach
don gian thong qua sy ting cuong do huynh quang (tdt-mo), hodc dap tit huynh quang (mo—
tat). Trong s8 thudc nhuém huynh quang, rhodamine va fluorescein duoc st dung rong rai do
tinh quang ly tuyét voi cua ching [19]. Cau truc fluorescein 1a mot moé Hinh ly twdng cho viéc
xay dung cac sensor huynh quang vi sw dé dang tong hop va dé chitc nang hoa [7], budc séng
kich thich va phat xa trong vung nhin thdy véi hiéu sudt lwgng tr huynh quang cao [2, 11, 16,
20] va tan nhiéu trong nuwdc [8, 15]. Gan day, nhiéu sensor huynh quang dua trén dan xuét cta
fluorescein phat hién cation kim loai da duwoc cong bd [3, 6, 11]. Tuy nhién, cac sensor nay dugc
nghién ctru chu yéu bang phuong phap thuc nghiém (bao gdom ca thiét k&, tong hop va tng
dung) va dua trén kinh nghiém ctia nha nghién cttu [12, 17] va diéu nay sé lam tang chi phi
cting nhu thoi gian nghién ctru. Ngay nay, véi sy phat trién cua khoa hoc may tinh, cac tinh
toan hda hoc luwgng tir ¢ thé du doan hodc giai thich va miéu ta nhitng ddc diém quan trong
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cua hé thong hoa hoc [4, 5]. S&t dung cac tinh chat hda hoc luwgng tir d€ nghién ctru tdng hop va
tng dung cua senors huynh quang la rat hru ich, gitp chung ta hiéu dwgc ban chét cua cac qua
trinh d€ cung cadp mdt co so cho viéc nghién ctru va phat trién cta cac cam bién tiép theo. Trong
bai bdo nay, ti€p theo nghién ctru cong b trudc day vé thuc nghiém [1], mot chemodosimeter
huynh quang dua trén dan xuat rhodamine dé phét hién ion Hg (II) da duoc nghién cttu bang
cach st dung ly thuyét phiém ham mat d6 (DFT).

2 Chi tiét tinh toan

T4t ca cac hop chat trong bai bao nay dwoc tinh toan bang phan mém Gaussian03 [9].
Phuong phép lai hoa ba thong s6 cua Becke [4] va st dung phiém ham tuong quan duoc Lee,
Yang va Parr (B3LYP) dé xuat [13] vi BBLYP da kha thanh cong trong viéc nghién cttu cdu trac
va cac thudc tinh dién tir ctia cac phan t& hitu co. Viéc lga chon bd ham co sé nhé LanL.2DZ
thay cho bo ham co sé 16n 6-311+G(d,p) nham gitip giam thoi gian tinh todn dwoc thuc hién
bang viéc so sanh cac thong s6 hinh hoc cdu tric t6i wu ctia fluorescein véi tinh todn DFT tai
B3LYP/LanL2DZ va B3LYP/6-311+G(d,p). Két qua so sanh duoc xtx ly thong ké véi chuén t—test
ting cap. Céc tinh todn con lai cho cac cau ti trong bai bao dugc thiee hién véi mitc ly thuyét
B3LYP/LanL2DZ trong moéi truong chan khong.

3 K&t qua va thio luan

3.1 Khao sat phuwong phap tinh toan

Viéc tinh toan vé t6i wu cdu tric hinh hoc, TD-DFT va NBO cho cac sensor huynh quang
dua trén dan xuat cua fluorescein duoc thue hién béng B3LYP.

Bang 1. Thong s6 hinh hoc ctia fluorescein ¢ muic ly thuyét B3LYP/Lanl2dz va B3LYP/6-311+G(d,p)

D6 dai lién két (A) 221;) Lanl2dz | D6 dai lién két (&) 6(;(3;11:) Lanl2dz
C1-C2 1,387 1,401 07-C8 1,437 1,437
C1-Cé 1,401 1,412 C8-C9 1,532 1,532
C2-C3 1,397 1,408 cs8-Cl1 1,511 1,511
C3-C21 1,369 1,401 C11-C12 1,340 1,340
C3-C4 1,402 1,389 C12-C22 1,371 1,371
C4-C5 1,400 1,408 C10-C16 1,525 1,525
C5-C6 1,401 1,414 C15-C16 1,409 1,409
C5-07 1,365 1,365 C15-C23 1,505 1,505
Géc lién két () gf‘}; Lanl2dz | Géc lién két () 2211:) Lanl2dz
C1-C2-C3 118,9 118,9 C8-C11-C12 1181 117,8
C2-C3-C4 120,1 120,6 C9-C14-C13 120,3 119,8
C2-C3-021 17,5 116,9 C11-C12-C13 120,4 120,7
C3-C4-C5 120,0 119,4 C11-C12-C22 1211 121,0
C4-C5-Cé 121, 1216 C6-C10-C16 112,8 113,8
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C4-C5-07 115,0 114,8 C9-C10-C16 111,0 110,8
C5-C6-C10 120,5 119,9 C10-C16-C15 123,5 123,4
C5-07-C8 118,9 118,9 C16-C15-C23 122,5 122,9
0O7-C8-C9 112,6 112,2 C15-C23-024 125,6 126,8
0O7-C8-C11 111,8 111,1 C15-C23-025 115,0 114,8
C8-C9-C14 108,5 108,3 024-C23-025 119,5 118,3
Goc nhi dién, () 6G-?;,1;) Lanl2dz Goc nhi dién, () 6G-?;,1;) Lanl2dz
C1-C2-C3-021 179,7 179,9 C8-C9-C14-C13 34,0 36,7
C2-C1-C6-C10 177,7 176,9 C8-C11-C12-022 173,6 176,0
C3-C4-C5-07 179,1 179,6 C9-C10-C16-C15 118,6 115,7
C4-C5-C6-C10 -178,3 -177,3 C10-C16-C20-C19 179,4 178,6
C4-C5-07-C8 170,1 174,9 C14-C13-C12-022 166,1 164,3
C7-C8-C11-C12 165,6 163,4 C16-C15-C23-024 -47,4 -40,5
C8-C9-C10-C16 171,5 178,8 C16-C15-C23-025 134,2 141,1

Céc tinh todn cho cac chemodosimeter dugc thiét ké tir cdc dan xudt ctia fluorescein thuong
dung bd ham co so 1a 6-311+G(d,p) [3]. Tuy nhién, véi bd ham co sé 16n nhu 6-311+G(d,p) thuong
mat nhiéu thoi gian tinh todn va can hé may tinh 16n do viéc tinh todn khong nhiing thuc hién
cho 16p dién tir hda tri ma con thuc hién cho ca dién ti ctia 16i. Chinh vi vay can xem xét liéu c6
thé diing mot bd ham co s nhé hon nhung van cho két qua dang tin cay, ching tdi da chon bd
ham co sé LanL2DZ. Két qua so sanh d6 dai lién két, goc lién két ctia Fluorescein (Flu) véi hai b
ham 6-311+G(d,p), LanL2DZ dugc tong hop ¢ Bang 1. Cach danh sd nguyén tr duoc trinh bay ¢
Hinh 1.

Hinh 1. Hinh hoc bén ctia Fluorescein ¢ mtc ly thuyét B3LYP/Lanl2dz

Dbé kiém tra hai by ham co s¢ Lanl2dz, 6-311+G(d,p) c6 cho két qua tinh khac nhau hay
khong, ching to6i tién hanh so sanh ting cip s8 liéu cac thong s& hinh hoc bang phuong phép
kiém dinh phu thudc cdp t (paired sample t—test) [14]. Két qua so sanh tinh va tbang V€ thong s6
hinh hoc 1a d¢ dai lién két, goc lién két va goc nhi dién ctia cac nguyén tir trong fluorescein lan
lwot 1a teinn = 2,0 < f bang (0,95; 15) =2,13 ; ftinh = 0,80 < tvang (0,95; 21) = 2,08 va teinh = 1,83 < fvang (0,95;
13) = 2,16. DBiéu nay cho thdy cac thong s6 hinh hoc trong fluorescein duwgc tinh v6i hai bd ham
co s& Lanl2dz, 6-311+G(d,p) khong khac nhau vé mét thong ké. Do d6, c6 thé sit dung bd ham
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LanL.2DZ &€ tinh todn cac c&u tr trong hé, diéu nay sé gitip giam thoi gian tinh todn ma van
cho két qua dang tin cdy.

3.2 Khdao sat ly thuyét thiét ké va tong hgp chemodosimeter Fluorescein hydrazid-
benzylthiocyanat

Dé€ thiét ké mot cdu trac phu hop cho mot chemodosimeter dua trén phan tng dong, md
vong lactam ctia dan xuat fluorescein, chiing t6i chon cau ndi 1a hydrazine vi nhém amine trong
hydrazine dé phan ting véi nhém cacboxyl trong tiéu phan phenyl ctia fluorescein dé tao vong
lactam, d6ng thoi phan t& nay nho nén viéc truyén tin hiéu tir receptor dén fluorophore s& dé
dang. Viéc stt dung benzyl thiocyanate (BTC) lam receptor c6 ba ly do: mot 13, phan tng gan
receptor 1én fluorophore dé dang thuc hién thong qua phan tng gitra thiocyanate (ctia receptor)
v6i amine (spacer) d€ tao thanh thiourea [10]; hai la, receptor nay c6 &i lirc manh véi Hg? thong
qua phan tng tach loai lvu huynh d€ tao HgS; ba la, hé lién hop trong vong benzen cua
receptor c6 thé lam cho phéan ting téch loai luu huynh dé dang hon, sensor du kién tdng hop sé
c6 do nhay va d¢ chon loc cao.

Qua trinh thiét k&€ va tong hop chemodosimeter FS voi fluorophore, spacer va receptor
twong tng la fluorescein, hydrazine va benzyl thiocyanate dwa vao sy mo vong lactam gom ba
budc (Hinh 2).

Bude 1: Fluorescein tac dung véi hydrazine tao thanh fluorescein-hydrazine (Flu-H)
khong phat huynh quang do trong cau trtc cua Flu-H ton tai vong lactam.

Bude 2: Flu-H tac dung véi BTC tao thanh chemodosimeter FS, chemodosimeter nay
cling khdng phat huynh quang do trong c&u triic van con ton tai vong lactam.

Buwéc 3: FS tac dung véi Hg? tao FG thong qua tng tach loai Iuu huynh, kém theo sy m&
vong lactam, sau d6 tao vong 1,3,4-oxadiazole dan téi sy phat huynh quang ctia FG.

Do d9, cac sensor duoc tong hop dua trén phan tmg mé vong lactam cta dan xuat caa
fluorescein chu yéu hoat dong theo kiéu OFF-ON.

o
O N—NH,

Hinh 2. So d6 thiét k& va tong hop chemodosimeter FS
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Bang 2. Gid tri ndng lugng clia cc cau tit tham gia phan tng tong hop FS ¢ muc ly thuyét
B3LYP/LanL2DZ trong pha khi (Hartree)

Hop chat H G
Fluorescein -1147,332807 -1147,40422
Hydrazine -111,764196 -111,78826

Flu-H -1181,576596 -1181,64705
Nude -76,389771 -76,411213
Hidro -1,160957 -1,175751
BTC -335,549867 -335,593001
ES -1555,310775 -1555,405497

D¢ du doan kha nang cac phan tng hoéa hoc tong hop FS cd xay ra vé mat nhiét ddng hay
khong, ching toi tinh todn nang luong entanpy va nang lugng tu do Gibbs, két qua tinh toan
cac thong s6 nhiét dong duoc thuc hién ¢ B3LYP/Lanl2dz va duoc trinh bay ¢ Bang 2. Hinh hoc

bén cua hydrazine, Flu-H, BTC, FS ciing dugc xac dinh ¢ mtc B3LYP/Lanl2dz va dwgc trinh
bay ¢ Hinh 3.

>
R

2
’ "K}
=
BTC Flu-H

Hydrazine

ab = FS

Hinh 3. Hinh hoc bén ctia hydrazine, Flu-H, BTC, FS tai B3LYP/LanL2DZ

Enthalpy va nang luong tu do Gibbs cua phan tng tong hop chemodosimeter FS duoc
tinh theo cac cong thitc sau:
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AH%5(1) = H(Flu-H) + H(H:20) + H(H2) — H(Flu) - H(Hdrazin) = -0,0313 hartree = -19,619
kcal/mol.

AG29g(1) = G(Flu-H) + G(H20) + G(Hz2) — G(Flu) - G(Hdrazin) = -0,0415 hartree = -26,063
kcal/mol.

AH%%g(2) = H(FS) - H(BTC) — H(Flu-H) = -38,18 hartree = -23958,3 kcal/mol.
AG%5(2) = H(FS) — H(BTC) — H(Flu-H) = -38,17 hartree = -23952 kcal/mol

Ta thdy AGog(1) < 0 va AG3g(2) < 0 nén xét vé mit nhiét dong, cac phan tng tong hop
chemodosimeter FS c6 kha ning xay ra; AH9og(1) < 0 va AH245(2) <0 nén cdc phan tng trén déu
toa nhiét. Diéu nay phu hop véi thue nghiém [1].

3.3  Khao sat tinh chit huynh quang ciia chemodosimeter

Tinh chat huynh quang cta cac chat phu thudc rat nhiéu vao mirc do lién hop m va s
chuyén nang luong trong hé. D€ hiéu rd hon vé su phéat va khong phat huynh quang cta
sensor, ching t6i tién hanh tinh todn NBO, TD-DFT cho sensor trudc va sau khi phan tng véi
chét phan tich.

Bang 3. Néang luong kich thich, cuong d6 dao dong va cac MO ¢4 lién quan dén qua trinh kich thich chinh
cua FS va FG tai BBLYP/LanL2DZ

Chit  Budc chuyén MO Ning lugng Budc song f CIC
(eV) (nm)
FS S0 — S1 125 — 126 3,14 395,21 0,0088 0,7019
S0 — S2 124 — 126 3,40 364,32 0,0091 0,7024
S0 — S3 125 — 127 3,50 353,91 0,0006 0,7033
FG S0 — S1 118 — 122 2,78 446,40 0,1544 -0,1089
121 — 122 2,78 446,40 0,1544 0,6948
S0 — S2 121 — 123 3,18 389,94 0,0136 0,7025
S0 — S3 120 — 122 3,36 369,14 0,0064 0,7034

S6 liéu Bang 3 cho thay doi véi FS céc trang théi kich thich (So— Si, So— Sz, So— Ss) ting
v6i cac bude chuyén la MO125— MO126, MO124— MO126, MO125— MO127. Mac du cac MO
nay déu thudc vé fluorophore va & gitta cdc MO cua cac bude chuyén déu khong c6 MO cua
receptor nén khong cé qud trinh PET. Tuy nhién, do cac budc chuyén nay c6 cuong doé dao
dong nho (f < 0,01) nén cac budc chuyén nay khong duwoc phép [18]; vi vay, cac budc chuyén
nay khong dan t6i huynh quang trong phan ti FS.

D6i véi FG hai trang théi kich thich dau tién (So— Si, Se— S2) ting véi bude chuyén la
MO118 — MO122, MO121— MO122 va MO121— MO123, trong d6 cac MO cua budce chuyén
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va cdc MO nam gitta cdc budc chuyén la ctia fluorophore nén qua trinh PET khong xay ra; mat
khac, cac bude chuyén nay c6 cuong dé dao dong 16n (twong Gng vdi cac bude chuyén la f =
0,1544 va 0,0136), nén qua trinh hodi phuc vé trang thai co ban sé& dan téi sy phat huynh quang.
Dai voi trang thai kich thich that ba (So— Ss) v6i bude chuyén tuwong ttng MO120— MO122, méc
du qua trinh PET khong xay ra, nhung budc chuyén nay c6 cuong d6 dao dong nho (f = 0,0064);
vi vy, qud trinh hdi phuc vé trang thai co ban sé khong dan t6i sw phat huynh quang trong FG
[18].

D€ lam rd hon vé tinh chdt huynh quang cua FS, FG, két qua phan tich NBO da duoc
tinh toan cho hai chét trén ¢ cung muec ly thuyét B3LYP/LanL2DZ va két qua duoc trinh bay &
Bang 4. SO liéu phan tich NBO cho thay phan tt FS c6 2 hé lién hop m bi gidn doan trong tiéu
phan xanhthene ctia fluorophore do trong FS ton tai vong lactam va nguyén tx C10 ¢4 trang
thai lai hoa sp® lam cho hé lién hop m bi gian doan nén FS khong phat huynh quang. Trong
phan t FG, do ¢ su pha v& cau truc vong lactam va nguyén tir C10 c6 lai hda sp? nén tao ra hé
lién hop t kéo dai sudt trong fluorophore, dan dén sy phat huynh quang cta FG.
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Hinh 4. Gian d6 néng luong cac MO bién cua fluorophore ty do, receptor tw do va chemodosimeter FS
(cac mtrc ndng lwong la twong d6i, khong theo ty 18)
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Hinh 5. Gian d6 nang luong cac MO bién cua fluorophore tu do, receptor tie do va FG

(cac mtrc nédng lwong la twong d6i, khéng theo ty 18)

Bang 4. Nang luong twong tac E(2) (kcal mol?) gitra cac obitan ctiia phéan tix cho (donor) va nhéan (acceptor)

trong FS va FG tai BSLYP/LanL2DZ

Donor NBO (i) Acceptor NBO (j) EQ) Donor NBO (i) Acceptor NBO (j) EQ)
FS ES
n(C1-C2) m*(C3-C4) 23,91 m(C17-C19) m*(C16-023) 25,08
n(C1-C2) *(C5-C6) 16,08 n(C17-C19) ¥ (C18-C22) 24,05
n(C3-C4) ¥ (C1-C2) 15,89 n(C17-C19) ¥ (C20-C21) 19,96
n(C3-C4) *(C5-C6) 25,08 m(C18-C22) m*(C17-C19) 21,11
mt(C5-C6) ¥ (C1-C2) 23,47 m(C18-C22) ¥ (C20-C21) 22,06
m(C5-C6) *(C3-C4) 15,09 m(C20-C21) m*(C17-C19) 22,36
n(C11-C12) m*(C13-C14) 13,37 m(C20-C21) ¥ (C18-C22) 20,38
n(C13-C14) m*(C11-C12) 14,59
FG FG
n(C1-C2) m*(C3-C4) 24,64 n(C13-C14) m*(C11-C12) 15,91
n(C1-C2) *(C5-C6) 16,26 n(C17-C18) m*(N15-C16) 18,58
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Donor NBO (i) Acceptor NBO (j) E(2) Donor NBO (i) Acceptor NBO (j) E(2)

n(C3-C4) (C1-C2) 15,58 n(C17-C18) *(C19-C20) 19,71
7(C3-C4) T4(C5-C6) 2505  m(C17-C18) H(C21-C22) 18,91
n(C5-C6) (C1-C2) 22,53 m(C19-C20) *(C17-C18) 20,29
n(C5-C6) *(C3-C4) 17,6209  m(C19-C20) *(C21-C22) 21,07
7(C5-C6) T(C9-C10) 16,689  m(C21-C22) (C17-C18) 22,16
(C9-C10) *(C5-C6) 11,36 m(C21-C22) *(C19-C20) 19,70
7(C9-C10) (C13-C14) 1842  m(N24-C35) (N15-C16) 11,88
m(C9-C10) 0*(C13-C14) 2,96 m(C27-C28) *(C29-C30) 21,04
m(C9-C10) *(C17-C18) 1,87 m(C27-C28) m*(C31-C32) 20,28
n(C11-C12) (C13-C14) 1269  m(C29-C30) TH(C27-C28) 21,30
n(C13-C14) *(C9-C10) 15,69 m(C29-C30) m*(C31-C32) 21,17
n(C13-C14) (C11-C12) 1591  m(C31-C32) TH(C27-C28) 22,23
n(N15-C16) *(C17-C18) 9,01 m(C31-C32) *(C29-C30) 20,85

Két qua phan tich NBO, TD-DFT d6i v6i FS va FG cho thdy tinh chat quang ly cua FS va
FG khac nhau: trong phan ti FS, cdc qua trinh hoi phuc tir trang thai kich thich vé trang thai co
ban khong dan téi huynh quang, con trong FG thi qua trinh kich thich vé trang théi co ban dan
téi qua trinh phat huynh quang. Vi vay, chemodosimeter FS du kién tong hop dugc sé hoat
dong theo kiéu OFF-ON.

4  Kétluan

Két qua tinh toan d¢ dai lién két & mac ly thuyét B3LYP véi hai bo ham co s6 LanL.2DZ
va 6-311G+(d,p) cho thdy c6 thé sit dung hai bo ham nay dé thuc hién cac tinh toan DFT, TD-
DFT, NBO, véi cdc dan xuét ctia fluorescein. K&t qua phan tich TD-DFT, gitp chiing tdi giai
thich dwgc tinh chat huynh quang cta FS va FG thong qua su chuyén nang luong ctia cac MO
bién; dong thoi viéc phan tich NBO ciing da chi rd hon vé su tit huynh quang trong FS va su
phat huynh quang trong FG. D6 1a trong FS ton tai vong lactam lam cho hé lién hgp m trong
fluorophore bi gian doan va day ciing la nguyén nhan dan dén sy tat huynh quang trong FS;
trong FG cdu truc vong lactam bi phd v, dong thoi tao vong 1,3,4-oxadiazole, dan t6i sw hinh
thanh hé lién hop 7 tir fluorophore cho dén receptor, vi vay phan tit FG phat huynh quang.
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DESIGN, SYNTHESIS AND INTERPRETATION
OF FLUORESCENT HEMODOSIMETER BASED
ON DENSITY FUNCTIONAL THEORY

Tu Quy Phan', Tuan Quang Duong?, Quy Tung Truong?

1 Tay Nguyen University, 2HU — University of Education, * Hue University

Abstract: This work presents the design and synthesis theories of chemodosimeter FS to determine Hg?*
based on lactam ring-opening reaction of fluorescein derivative using density-functional theory (DFT). All
theoretical calculations including DFT, TD-DFT, and NBO were carried out with the B3LYP function
Gaussian03 software. The comparison of geometric parameters (bond lengths, bond angle, and dihedral
angles of atoms) of fluorescein optimized with two basis sets LanL.2DZ and 6-311+G(d, p) by means of ¢-
test pairs suggested that LanL.2DZ not only reduced the computation time but also gave reliable results.
Fluorescent properties of the chemodosimeter FS were explained through TD-DFT and NBO analysis. The
results showed that FS was non-fluorescent because of m conjugated system interruption which was due
to the existence of the lactam ring. In FG, a product of the reaction between FS and Hg?, the lactam ring
structure was disrupted, and 1,3,4-oxadiazole was formed, resulting in the existence of a conjugated m
system from the fluorophore to the receptor, and therefore FG was fluorescent. Accordingly, FS is
predicted as an OFF-ON chemodosimeter.

Keywords: lactam ring, fluorescein, chemodosimeter FS, TD-DFT, OFF—-ON
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