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ABSTRACT

In the present investigation, fennel seed powder was employed as a sustainable natural precursor for the synthesis
of zero-dimensional carbon quantum dots. Carbon quantum dots were synthesized via a facile and
environmentally benign one-step hydrothermal approach. Comprehensive structural and morphological
characterizations were performed using High-Resolution X-Ray Diffraction (HRXRD) and High Resolution
Transmission Electron Microscopy (HRTEM). The HRXRD results revealed an amorphous graphitic nature, while
HRTEM images confirmed the formation of quasi-spherical carbon quantum dots with non-uniform morphology
and particle sizes below 10 nm. UV—Visible absorption spectra displayed characteristic n—n* and n—n* electronic
transitions, attributed to C=C and C=O functional groups, respectively. Photoluminescence (PL) analysis
demonstrated excitation-dependent emission behaviour in the visible region, arising from the quantum
confinement effect. Notably, among various tested heavy metal ions, Ag" ions induced pronounced
photoluminescence quenching of the carbon quantum dots, achieving a detection limit of 10 uM. These findings
highlight the promising potential of the synthesized carbon quantum dots as an efficient and sensitive fluorescent
probe for Ag® ion detection.

Keywords: Carbon quantum dots, HRXRD, FESEM, Photoluminescence



3-fogmm e 3, 37 ¢, BEdl 0%

1. T&EATIAT

EhIfUeh SHTA § “BHiehgdel A-ITshecer’ I1eg shi STeRAT FaieH
2fed % FG § AT ST 7, S MATHR TR JATHR SATH{T aret
e Efieheae B 2 [1] e Faien ey Y-S
SHTEH- TG AHINTT T T € & ST Jolel SAeHT-HR
FRIEEE % Y Seere §) 1ot @i % a1e &, e
Fen Sfed 7 Sfa fag, Tae, 341 fogm ofit wiel seeifafag
o &5 H YIThatel ol Bfe ST &, 3T 3ok HoguoT 3T ST
T Hgcaqut T 8% 21 [2] ¥ AR A ot Iobrse FReeetr (sp?)
mm(ﬁf% spHspﬁWﬁTW@ﬁ-ﬁm AT Y
T B 8, oy g, T ot Feifedce S| %3
FATH TR M FT ST T 2| [3] FleH Faied S|
IRfe ST Fien S’ % arSH SR O B S
i, S for hfRreR forarehar ST qafarofir @adl, 1 g
T TANG T 8| 30 SAfih, o =81 I gorRite,
T e, yermr-foiem & gfd gfiy it a8 39m w
IeUTEH o ToTT Herere SATET T Hrieushal Jafiid s 2l
faea (Ag) TF AAWF AR TaAEE WG T S S
orfeferfaehl oo ST AT Tmeed & fore ivfi sifiam St et 21
TA, Ag" 1 T TaT ST Ueh Hecaqut Sreifieha 8, 3|
e o o a6 feredyomenss farfirat fremfra 1 w8 81 wretifer, %
HISTET qehteh HETl, §HE O ATeft, @] A H S A1
HergFefierar st st aret &) aioTReEEy, 31 HarT i gl
& forw ¢ e fershedt 3Tt STeBfera STohTeT Hfiw woat o T
T fopaT ST T R)

AT HTq 3T Hela o oA g SIa-HATETA el FaieH Sigh
ot et i 8 2, T oft sieer wfrdifir qomt 3R wieew qear A
TU feehres T gorwt TR Tarell i Wiet STZE T T TE
&5 ST 37T 2| 39 WaW H, Wit o Sfisl T WSSt U A
IuTeY T IR AR ST HEIE ¥ S e 3R
TSI & L 7, 3T el FT1eH SIeH o foTq Tk Tt |
o &9 1 1 o Hehdll 2] TAHH 1 |, Hith o sfiST § 6 e
FI1eH STeH I U TS Toh-=0i wrsgrade fafer grr we3fa
foa T 21 36 STTTa, TR foRw T e deien Sfed, Ag' Y

b

e A (w5

T o T v . T o v o u
MR AN IR A 4R M RS M kT

wYor (20)

LLU £

TSI A TS 3T

TarteRer Tt % fore e siiftesrer Aed o &9 § I
&N 1 ISR A 2

2. o=

it % SIS % UISST I Fl&T GId % § T YA Fh HleT
eI ST T GO R T 21 e e e 3w
& fore wrfaer % gehet arsgieme Swer faftr &t et fopa
AT T H, 0.5 TTH EIh o6 o1 oh Treet i 30 firefietter stfasgs
STt H ferema mam 31 30 fire aoh stegrafeRe o ) ot
T T 60 fireficiiet 2oH-areT aTt e fuget §
ST T, T8 wes e o 9t | TEn TR 3 180 ferft
e W 3.5 T qeh T f3ha TRT| et bt L o qoET aeh
TR 9 & ST 8 3 o WITG, TH Toh TehT 1 Hiiet TH g3l
39 I H 10,000 ARATH W 20 e qo SR foram mm,
R R 375 el Farien S8 1 TR i o feTg GRS i
0.22 pm Tafts fheet & TSI TR AR R T e FieH
Sfed T HTEAIH [eIoT {1 T-{ foredmmdt tfeer IV
T TN itk Ioa- 1ol e T -X foaa-mrdt (HRXRD) SR
foRam | e FaTen ieH T HATHINGRIT T&ur Fui JEOL
JEM-F200 T ST 3tk 3o -RTeg e S907 Seiag = Gamesit
(HRTEM) 30 form mm w@s3ff ot & werf qon =
SFIAFT ATST 365 UV/VIS TFIBIZMIE o WTed & 200-
1000 A+Frefex sht arrereat &t o foma | srefrer Sl 7ot bt
RF-5301PC TIFIFAIBIIHIET T SUANT ik fehis 3R mram|
TR FoRT T ST e Sl il TGS ST Ied-
TR TaE-L foadmTdT (Cu @&, A=1.54056 A (CuKal)
T SR HLah) R HRXRD T3 wor 26 Az & T 1| el
Faten el o AR AHIEE TH(T 1 Gf¥ HRXRD THEA
(et 1) g bt T, fores 24.2° 0 Uk =eT SHR Bl T€ 3R (002)
T I TG & ST 1 Faied Shed o fiat Iufeerd THHia
afterd YhTse WAl & Aot @Il 81 FHle FaieH STH o TR
3R TRl fagm o1 fardwor e & ferw HRTEM feram )
HRTEM B @i e daied Sieq H MaATeR =T i
Iuferfer T qurieft 2T fSeh 0Tl T =3 10 nm & FH 21

forr ¢ el Farien g™ T HRXRD Y 71 HRTEM 3

(@& Tor wesf Tt [2] @ o e @)

53



Sfomm Ee R, 3 ¢, Bl 0%

F TR el % FREME N o fFE uv/vis
Tagrehdl g TR T UV/VIS Wikt deies e
et & § fora e fafror s gw wdt @ ek
HATOTToIh HTEATSAT 3T FTATCH THE! ol TeaT o [oTT FH1eli-eh
R o ST H SEeR! SATTe STTSRINT 2| -3 1 T-se
S‘éﬁfﬁ (non-bonding) (n—S@?{I’—D e SN ST AT T
farfortor st STanfya s gk &, S 3 soiad™ Sea-Sett atet
Sfdeier STOTTereh eTehi W HSRAUT L Tehd & FHIeH FdTeH Sied
F TFZRIT =307 H, Seragii=oh, S 7R fershier stareemd
weeaqut sifvent fvTdt 81 3T &, Sergin dshwol # Hecaot
QAT &1 | 3T &, ST R00 W oo IHI T, et
Yoo ¥ ¢oo IHieX gva T i Ufaffied e 71 39w &
T T STEIT R bt 3] % o forfime ste wehml o
e TrewsiTea foram ST EeRdT &, o e e @er it
Ittt & S H SR firerdt 81 o 2 sheifeh Aot & 8
et T TR i geiergiien SISl el guTiar 8] gy g
DT GHHOT § W, Shelel Gl Sl Fro] AR Tl &1 TR0
A UV/VIS TR gRT SR 9L e shY ST ot 200-800
et I o offe gor 21 e Faien Sfed o SR Sagt
(71 3 () ¥ U welt 4 T &t & St C=C (280 SHHIeY)
TT-T0* FERUT 3T C=0 (320 FAHIZT) & n-10* THAT & Heiferg

T U T 31

TaioT e gwidt 21 el Faied Sted it qrr=r forgrear
ST Wafar 2, [4] 3T 38 300 AATHeT & 400 ArHeT Hir
T 4 ffi= SasT 9T 2ed W @3fYa e aaien el %
SeRTST WY Tereh (o 3 (W)) TR ST ST HehelT 81 Sh1ai Fiieh
2fed & wehTer Hf aftom 350 FHfer W siftreran wfadify
FETTer | SIS A Ao W gfig 3k T, e Fien SieH oh YRRt
A Weer F wh Ye e 3@ m R 3 SR sas
TRl 2l AT o forq wermfua fagia arg sraran & fof adien af@ry
(STTHTY) TS 36 AR o foTe SAETA 21 F1el Faiien Sigd &
TR S S ST Ueh Tal W fodia st il €1 Sfew
IR T R T T ST BT & 3T HR TG T HHT
T 31 STt S § T el Faiien Sied oh SEHH ferawor
o SHIOT 39T Bl &, Se Searsia e s41aeh g1 ST § 3
TRTHAT TV g9 T 2T ek e 2 [5]

[ e FaleH SIgd T e % 100 pL 1 5.0 firett Tfex
e ST § firetran e freaR A15ee (AgNO;) & FriEfier
foreTer T 10 WTS3hT Ao Wieh @ foratrariend sier # ag ek T
form M A" forerar 1 5 AT B e Feien Sied AR
T firetet Ag" it fferfaa aigard s it €8 0, 100, 200,
300, 400 3 500 HTEsHT AR Feeh firsror 3 weprer wfifyy =1
AR 350 THE Al AT T R AT T W AL
& qIIHM W, SHa o o918 5-fe 3 Siate | ey

o *(anti-bonding)

it * (anti-bonding)

n po* t
n—=rc*
G 7T 9.":* I Do* oo *
&S n (non-bonding)
= o> nc*
w (bonding)
o (bonding)
et 2: Tl screrdifren Gsruot o fore Sretf &t s
@ e e 1] 9 o mn )
(=) s .
%;: % o ; < K -
5 s - N\,
.'... \ .\\.\"*“?*——— . E ,... = / = 2 : k‘.\:

"o -
HACA ()

o 3: TS FTe STeE A () UV/VIS THET T () ThreT S Tt
(e fomr wwef de [4] © ferm man )



3-fogmm e 3, 37 ¢, BEdl 0%

(@)

N,
iy

T U T 31

Rk 0 Me' N

R L R TRU b T N o)

Iahmm@m

024

R'-uwy

T T
pUll]

‘Ag T (b

T
0 ooy

Tt 8: () Tafv= Wisar ot Ag' o ©Ueh § 3T o W1 FHIe FaieH SIgH Torera o JehTeT Helfd Szl (@) s o1 ST o |TeF /e
TSR St WX HTei F1eH SigH ST o F/F, H THTaTd] (1) 0-500 HTSshl HIeh s &1 § Ag” HiZaT & Hehrerel F/F — 1 %7 {Rash Mo wiiel
@ o g W [2] @ e T R)

Ag” I HTel FaiieH Sed hl TCHshdT i ST i o foTg,
fafir=r e1q e=meT (Cd™, Mn™, Ag’, Ni™*, Ca™, Cu™, Co”,
Zn>, Cr*', 3 Fe®") % o ATSshI HIeR fareiat o 10 HTSshT efiet
T STT-STT HTe FITeH SIeH forera | o T 7R Fre
Fen Sfed sht ITadifi X ggH aret STat ot Are fopam o
4 () 0 T 500 TTISHT HIH TigaT 19T § Ag" 3 TTe TER f3ham
F SITG ShTsi FaITeH SIH oh JohTIT HalTd T ol G 2l el
Farfen fe® 450 et W U T Ieasid e g9 g, 3R
Ag’ IS TG o |1 Jeh1RT WY T T IR FdT ST 2
T FaTeH SITH | Ag” STTRIT oh SAI¥T o 9118 ol T8 ehreT Hife
YA EWEA: e FAIeH SiH H SIS Ieh Ade! i
TR % A Ag” Y e fiR & Heifir 31 Ag” Sl SR
AT THEI o ot G T-ffRumehiY Seiagi STiaTer
wfsraTatt Y srere 3ar B, forad sfaa: wfadfy disrar s g grar
21 4 (M) T F/F, % @rer Gisar f=Tar o6t guien wn R (F 3R
F, 3FHST: 9T 3T (Ag") T IR 3T sgafeata & wepmr
G <ferar ol wef¥fa s &) 0-500 HTIEHT e HHT o T
Hore (e ST weiie ST g3, e gewsr ik (RY)
0.99 =T, ST TeH-AIeHt AiSd & &Y 2l Ag” & o aar e
T | 10 WTgER! AieK A T, S aRiar 8 fo wsaf e

55

e el Ag” I UAT M & foI w=Iie §9 & Taeeie 2
St for fort 4 (@) B fewman TR R, GH Sigar (20 Wi HieR)
T ST YT ST oh1 o | At Ag” A 2 T9E faaif derar
T YA 3T TR, ST QRITAT & Tof hiei adiien e 3171 TRt
I AT H Ag” 3 FoTg Ieepe srTershar Wefkia & 2

3. 3qUHUR

FTe FaieH e % TIuT & fow v e o formmrdt
T3 faftr 79T M) HRXRD 3R HRTEM fasgwor &
SR R-UBTE{eh ST ol Tl =T 31T 10 THI & 1 3R
3 TR Siew T gufeufa it 9fE g8 W3t s Faren <ieq
% UV-Vis T H 280 ST 3 320 SIHIT T SHUST: 7T-0*
TSRAOT 3 n-70* HhHOT i S et <7 STareieor f¥rer 2, foms
ue foeaid 9@ 21 w@e3fvd el Feien Stew & wemT weif
TFT FIEH ATHR THTT o HRUT 3 IASHT a7 35 o fog
IaerT-Fft SR qwitd ¥ g g7 off yefvia form @ for g
T3 STt § gerRiier e Faien ST’ Ag” I T T 6
foTT Uk Iehe TaeT T 2



(1]
(2]

(3]

Sfomm Ee R, 3 ¢, Bl 0% TSI TS I

Taw Ter el (Bibliography/References)

Srivastava, A. Studies of semiconductor quantum dots and its applications [Deen Dayal Upadhyay Gorakhpur
University]. 2025. https://shodhganga.inflibnet.ac.in/handle/10603/689355.

Srivastava, A., Khan, Z. M. S. H., Akhtar, M. S., & Khan, S. A. Nitrogen self-doped desiccated coconut—derived
carbon dots as optical nanoprobe sensor for the detection of heavy metal ion Hg?". Emergent Materials 2024; 7
(4):1819-29. https://doi.org/10.1007/s42247-024-00704-2

Srivastava, A., & Khan, S. A. Graphene Quantum Dots-Based Heterojunction Solar Cells. In S. Ameen, M. S.
Akhtar, & I. Kong (Eds.), Nanomaterials for Sensors and Sustainable Energy Volume 1. Springer Nature
Singapore 2025; 219—-40. https://doi.org/10.1007/978-981-96-0660-3 10.

Khan, Z. M. S. H., Saifi, S., Shumaila, Aslam, Z., Khan, S. A., & Zulfequar, M. A facile one step hydrothermal
synthesis of carbon quantum dots for label -free fluorescence sensing approach to detect picric acid in aqueous
solution. Journal of Photochemistry and Photobiology A: Chemistry 2020; 388:112201.
https://doi.org/https://doi.org/10.1016/j.jphotochem.2019.112201.

Khan, Z. M. S. H., Rahman, R. S., Shumaila, Islam, S., & Zulfequar, M. Hydrothermal treatment of red lentils
for the synthesis of fluorescent carbon quantum dots and its application for sensing Fe*. Optical Materials 2019;
91: 386-95. https://doi.org/10.1016/j.optmat.2019.03.054.

56



