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This study presents the quantitative analysis of optical properties and band gap
manipulation of ZnO nanoparticles that can be applied in sensors. For the
synthesis of ZnO nanoparticles, the sol-gel method was chosen and then
magnesium (Mg) and boron (B) were included at different levels up to 5% each. If
doping is not used, the band gap in ZnO is 3.31 eV and when 5% boron is added as
a dopant, the band gap drops to 3.15 eV. The absorption edge shifted from 379 nm
to 368 nm because the particles had small sizes of 12 nm to 48 nm. It was seen
from photoluminescence measurements that doped ZnO emits 48% more light than
the undoped variety, showing that doping led to improved excitonic recombination.
According to the tests, the B-doped ZnO photocatalyst needs 1 second to start
working and 2.4 seconds to recover, which is faster than both undoped and Mg-
doped samples. Testing showed that doping did not change the structure of the
phases in the piece of silicon. A new research has found that by designing doping
and nanoparticles, ZnO sensors can be enhanced for both types of sensor.
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INTRODUCTION

AMONG NANOMATERIALS, ZINC OXIDE (ZNO) NANOPARTICLES (NPS) ARE WELL-

KNOWN FOR THEIR MANY USES BECAUSE OF THEIR SPECIAL OPTICAL,

ELECTRICAL AND CHEMICAL PROPERTIES. BECAUSE IT HAS A WIDE ENERGY

GAP AND STRONG EXCITONS, ZNO IS APPLIED IN THE CREATION OF

ULTRAVIOLET (UV) DETECTORS, GAS SENSORS AND PHOTODETECTORS. IF THE

SIZE, SHAPE, DOPING AND SURFACE TREATMENT OF A ZNO NANOSTRUCTURE

ARE CONTROLLED, ITS MOST IMPORTANT PROPERTIES WORK BETTER. NEW

IDEAS IN MATERIAL SCIENCE AND MANUFACTURING ALLOW SCIENTISTS TO

PRODUCE ZNO NANOPARTICLES THAT HELP WITH SENSING.

HOW THEY ARE PUT TOGETHER AND THE CHEMICAL REACTIONS

OCCURRING AT THEIR SURFACE STRONGLY AFFECT THEIR CAPACITY FOR

LIGHT ABSORPTION, EMISSION AND REFLECTION. USUALLY, SCIENTISTS USE

UV-VIS SPECTROMETERS, PHOTOLUMINESCENCE DEVICES AND DIELECTRIC

INSTRUMENTS TO RESEARCH THESE PROPERTIES. IT IS OBVIOUS THAT

DECREASING THE SIZE OF THE PARTICLES AND ADDING PARTICULAR

ELEMENTS CAN BROADEN THE BAND GAP AND OFFER THE PARTICLES NEW

STATES PLUS BETTER-MOVING CHARGES. SUCH ALTERATIONS NOT ONLY

CHANGE THE APPEARANCE OF ZNO FILMS BUT ALSO PLAY A MAJOR ROLE IN

HOW THE SENSORS REACT TO GASES LIKE CO, NO₂ AND ETHANOL OR TO UV

LIGHT.

TO PUT IT SIMPLY, THE IDEA OF BAND GAP ENGINEERING IS TO DESIGN

AND CHANGE A MATERIAL’S BAND STRUCTURE TO ACHIEVE WANTED

PROPERTIES IN OPTOELECTRONICS. METHODS FOR BAND GAP ENGINEERING IN

ZNO ARE DOPING, MAKING CORE-SHELL NANOMATERIALS, ALTERING DEFECTS

OR ADDING PRESSURE WHILE SYNTHESIZING. IT HAS BEEN SEEN THAT THE

ADDITION OF MG, AL, B OR TRANSITION METALS HELPS TO TUNE THE

PROPERTIES OF ZNO. AS AN ILLUSTRATION, ADDING GROUP I COMPOUNDS TO A

SEMICONDUCTOR BRINGS SHALLOW ACCEPTOR LEVELS AND MODIFIES ITS

REFRACTIVE INDEX AND DIELECTRIC CONSTANT, SO IT CAN BE USED AS A P-

TYPE SEMICONDUCTOR FOR DETECTION DEVICES (KHORSAND ZAK & HASHIM,

2024).
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MORPHOLOGICAL FEATURES SUCH AS CONVERTING ZNO TO NANOPARTICLES,

NANORODS, NANOFLOWERS AND NANOCONES, ARE ALSO IMPORTANT FOR THIS

FIELD. EVERY MORPHOLOGY HAS PARTICULAR SURFACE AREAS AND DEFECTS

THAT DIRECTLY INFLUENCE HOW LIGHT IS USED, AND CARRIERS RECOMBINE.

AS REVEALED BY DEURI, SAHU AND MANJU (2023), HIGH-PRESSURE SYNTHESIS

LEADS TO ZNO NANOCRYSTALS THAT HAVE VERY FEW DEFECTS AND

ENHANCED OPTICAL TRANSMITTANCE, MAINLY WHEN THEIR SIZE IS BELOW 10

NM. PROPERLY CONTROLLING SIZE AND DEFECTS MEANS UV AND CHEMICAL

SENSORS EXPERIENCE AN UPGRADED SENSITIVITY.

BESIDES, THE COMBINATION OF ZNO WITH OTHER SEMICONDUCTORS IN

CORE-SHELL STRUCTURES GREATLY INCREASES ITS USEFULNESS IN

PHOTOCATALYTIC AND SENSING PROCESSES. FOR INSTANCE, CONSTRUCTING

ZNO/AG₂S NANOSTRUCTURES MAKES THESE MATERIALS ABSORB LIGHT FROM

ACROSS THE VISIBLE SPECTRUM AND DIVIDE CHARGE CARRIERS MORE

EFFECTIVELY WHICH BOOSTS THE PERFORMANCE OF MECHANISMS THAT

DEPEND ON LIGHT-INDUCED CHARGE MOVEMENT (KHANCHANDANI ET AL.,

2014). THEY HELP CUT THE BAND GAP BY HALF AND KEEP THE

NANOSTRUCTURES IN POSITION FOR A LONGER PERIOD IN OPERATION.

OPTOELECTRONIC PROPERTIES OF ZNO CAN BE FINE-TUNED USING

ANOTHER IMPORTANT TECHNIQUE CALLED DEFECT ENGINEERING.

INCLUDING OXYGEN VACANCIES AND ZINC INTERSTITIALS CAN INTRODUCE

NEW ENERGY STATES THAT TAKE PART IN PHOTOCONDUCTIVITY AND ALTER

NONLINEAR OPTICAL ABSORPTION. WITH THESE CONTROLLED BOOSTS OR

REDUCTIONS IN THE FAULTS, RESEARCHERS ARE ABLE TO ADJUST THE

EMISSION INTENSITY AND WAVELENGTH, AN EXCELLENT APPROACH FOR

PHOTODETECTORS AND UV SENSORS (KAVITHA ET AL., 2014). EVERY EFFORT IS

MADE TO MAKE THE MATERIAL PERFECT THROUGH SETTING PROPER

CALCINATION AND DOPING METHODS TO ENSURE BETTER PERFORMANCE BY

THE DEVICE.

NOT ONLY PHYSICAL AND CHEMICAL ELEMENTS ARE IMPORTANT, BUT

ALSO THE PROCESS USED FOR MAKING ZNO NANOPARTICLES MATTERS A LOT

FOR THEIR PROPERTIES. THE USE OF SOL-GEL, HYDROTHERMAL, COMBUSTION
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OR WET-CHEMICAL WAYS ALLOWS VARYING CONTROL OVER HOW SMALL AND

ORGANIZED THE CRYSTALS ARE AND HOW MUCH DOPANT THEY INCLUDE. AS

AN ILLUSTRATION, WHEN SOL-GEL METHODS ARE PERFORMED AT CERTAIN

PRESSURE LEVELS, THE RESULTING ZNO NPS OFFER GOOD OPTICAL

TRANSPARENCY AND LESS LOSS OF ANY DETECTED INFORMATION (DEURI,

SAHU, & MANJU, 2023). ALSO, BY USING HYDROTHERMAL SYNTHESIS,

NANOSCIENTISTS HAVE PRODUCED ZNO FLOWER-LIKE NANOSTRUCTURES

WITH IMPROVED PROPERTIES FROM QUANTUM CONFINEMENT. THESE NANO-

STRUCTURES ARE APPROPRIATE FOR GAS AND UV SENSOR ROLES (SAMANTA,

2022).

SOMETIMES, CHEMICALS CALLED CAPPING AGENTS, FOR EXAMPLE

POLYVINYLPYRROLIDONE (PVP), ARE USED TO STOP CLUMPING AND MANAGE

THE SURFACE PROPERTIES WHICH IN TURN AFFECTS THE OPTICAL BAND GAP.

SOME STUDIES HAVE PROVEN THAT MODIFYING THE SURFACE OF

NANOPARTICLES WITH PVP ENHANCES SENSOR PERFORMANCE AS WELL AS

THEIR UNIFORMITY (YULIAH ET AL., 2016). WHEN PUTTING SENSORS IN USE,

THE STABILITY AND CONSISTENCY FOUND IN SUCH SURFACE TREATMENTS

ARE VERY IMPORTANT.

ALSO, ADDING MG AND B INTO ZNO AT THE SAME TIME HAS BEEN

OBSERVED TO ENHANCE THE STRUCTURE OF ZNO, WITHOUT MAKING IT

CHANGE ITS MOST COMMON FORM. THESE ALTERATIONS INFLUENCE THE

CONDUCTION AND VALENCE BANDS WHICH CAUSES THE BAND GAP TO CHANGE

THROUGH BURSTEIN–MOSS SHIFT AND OTHER SHRINKAGE MECHANISMS.

CONTROL OVER THESE MOLECULAR TRANSITIONS IS IMPORTANT WHEN

MAKING SENSORS THAT WORK IN A WIDE PART OF THE ELECTROMAGNETIC

SPECTRUM (LI, LI, & XIE, 2021).

ANOTHER APPROACH IS USING ENVIRONMENTALLY FRIENDLY

MATERIALS INSTEAD OF THE HARMFUL HEAVY METALS. AG₂S IS A GOOD

EXAMPLE THAT, WHEN USED IN ZNO CORE-SHELLS, CAN IMPROVE LIGHT

ABSORPTION WITH ONLY A SMALL RISE IN RECOMBINATION RATES. AS A

RESULT, ECO-FRIENDLY SENSOR DESIGN FOR ENVIRONMENTAL MONITORING

AND BIOMEDICAL DIAGNOSIS CAN BENEFIT A LOT FROM THESE FINDINGS
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(KHANCHANDANI ET AL., 2014).

THE APPLICATIONS OF ZNO CAN BE USED FOR SENSING CHEMICALS AND

BIOLOGICAL MATERIALS. DUE TO THEIR BIG SURFACE AREA, SAFE USE AND

QUICK RESPONSE TO CHANGES, ZNO NANOSTRUCTURES CAN DETECT

BIOMOLECULES, TOXINS AND POLLUTANTS VERY WELL. LATEST STUDIES

EMPHASIZE THAT ZNO IS USED IN MULTIFUNCTIONAL SENSOR UNITS, MAINLY

WEARABLE SENSORS AND DEVICES INSERTED IN THE BODY, BECAUSE OF ITS

GREAT STABILITY AND FAST REACTIONS (SHA ET AL., 2022).

IN GENERAL, NEW RESEARCH DEMONSTRATES THAT THE SYNTHESIS

PRESSURE PLAYS A MAJOR PART IN CONTROLLING THE PROPERTIES OF ZNO. BY

INCREASING THE SYNTHESIS PRESSURE, WE CAN ACHIEVE BOTH HIGHER

CRYSTALLINITY AND FEWER DEFECTS WHICH RAISES THE OPTICAL

TRANSMITTANCE AND MAKES THE MATERIAL BETTER AT REACTING TO UV

LIGHT. AS AN ILLUSTRATION, THE ZNO NPS SYNTHESIZED BY APPLYING 50 BAR

PRESSURE EXHIBITED 95% TRANSMITTANCE AT 600 NM WHICH IS EXCELLENT

FOR THEIR USAGE IN MAKING TRANSPARENT OPTICAL SENSORS (DEURI ET AL.,

2023).

IN SHORT, ZNO NANOPARTICLES ARE VERY USEFUL FOR SENSORS AS

THEY ALLOW GREAT CONTROL OVER BAND GAPS AND OPTICAL PROPERTIES.

NEW IDEAS IN MAKING, DOPING, ALTERING DEFECTS AND COMBINING ZNO

MATERIALS ARE HELPING TO USE THEM FOR VARIOUS SENSING APPLICATIONS.

BECAUSE THEY CAN DETECT BOTH PHYSICAL RAYS AND CHEMICAL MATERIAL,

THEY ARE USEFUL AND ARE EXPECTED TO PLAY A KEY ROLE IN FUTURE

NANOSENSORS. AS MORE RESEARCH IS DONE ON STRUCTURE–PROPERTY

RELATIONSHIPS, IT IS IMPORTANT TO USE THESE ZNO NANOSTRUCTURES IN

EASY-TO-REPRODUCE SENSORS FOR MANY PURPOSES, INCLUDING

MONITORING THE ENVIRONMENT ANDMEDICAL TESTING.

LITERATURE REVIEW

ZINC OXIDE (ZNO) NANOPARTICLES HAVE GARNERED WIDESPREAD

ATTENTION IN NANOTECHNOLOGY AND MATERIAL SCIENCES, PARTICULARLY

DUE TO THEIR REMARKABLE OPTICAL AND SEMICONDUCTING PROPERTIES

THAT POSITION THEM AS LEADING CANDIDATES IN THE DEVELOPMENT OF
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OPTOELECTRONIC DEVICES AND CHEMICAL SENSORS. AMONG THE PIVOTAL

RESEARCH DIRECTIONS IN THIS AREA IS THE EXPLORATION OF HOW BAND GAP

MODULATION AND SURFACE MODIFICATIONS INFLUENCE ZNO’S

PERFORMANCE, PARTICULARLY FOR SENSOR APPLICATIONS. THE FOLLOWING

LITERATURE REVIEW EXPLORES CONTEMPORARY AND HIGH-IMPACT

RESEARCH ON THE OPTICAL CHARACTERIZATION AND BAND GAP

ENGINEERING OF ZNO NANOPARTICLES, DRAWING EXCLUSIVELY FROM HIGH-

RANKING JOURNALS.

PRESENT-DAY STUDIES HAVE STRESSED THAT DOPING WITH LITHIUM

(LI), SODIUM (NA) AND POTASSIUM (K), ALL GROUP I ELEMENTS, HELPS MAKE

ZNO P-TYPE AND ADJUSTS ITS LIGHT ABSORPTION AND EMISSION. DOPANTS

WERE ADDED TO THE SOLUTION SUCCESSFULLY USING A SOUL-GEL SYNTHESIS

WITH GELATIN AND AS A RESULT, THE DIELECTRIC FUNCTION AND

REFRACTIVE INDEX TANGIBLYCHANGED,D AND THE BAND GAP WAS MOVED

TO FAVOR OPTOELECTRONICS. THE ANALYSIS OF THE MATERIALS BY UV-VIS

SPECTROSCOPY AND KRAMERS-KRONIG TRANSFORMATION SUPPORTED THE

POSSIBILITY OF GROUP I-DOPED ZNO FOR MAKING TUNABLE SENSORS FOR

LIGHT-BASED APPLICATIONS (KHORSAND ZAK & HASHIM, 2024).

DEVELOPERS ARE ABLE TO BOOST ZNO NANOPARTICLES BY USING

SURFACE FUNCTIONALIZATION METHODS. A RESEARCH STUDY ON TWEEN-80

AIDED ZNO NANOPARTICLE SYNTHESIS SHOWED THAT SURFACTANT-INDUCED

IMPERFECTIONS MOVED THE ZNO OPTICAL GAP TO A LONGER WAVELENGTH,

ENABLING IT TO BECOME EXCITED AT 488 NM IN THE VISIBLE BLUE RANGE.

THIS TRANSITION HELPS TREMENDOUSLY IN THE FIELD OF BIOIMAGING AND

BIOSENSING SINCE THIS FORM OF EXCITATION IS GENTLE TO TISSUES AND CAN

REACH INTO DEEPER PLACES THANKS TO ITS WAVELENGTH. IN ADDITION, THE

ENGINEERED PARTICLES HAD A LOW TOXICITY IN CELLS AND CONTINUOUSLY

LIT UP STRONGLY WHICH IS NECESSARY FOR USING THEM IN BIOMEDICAL

SENSING (DEY, RAY, DHARA, & NEOGI, 2022).

ZNO’S OPTICAL AND DIELECTRIC PROPERTIES CAN BE ADJUSTED BY

RARE-EARTH DOPING, AND THIS HAS RESULTED IN POSITIVE OUTCOMES. THE

BAND GAP AND THE DIELECTRIC CONSTANT INCREASED SYSTEMATICALLY,
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THANKS TO THE DEFECTS CREATED BY HOLMIUM WHEN IT WAS ADDED TO

ZNO. THE RESEARCH SUGGESTED THAT THE COLE-COLE MODEL COULD

EXPLAIN DIELECTRIC DISPERSION AND THEY DISCOVERED THAT ZNO HAD

DYNAMIC ELECTRONIC PROPERTIES THAT COULD BE AFFECTED BY ADDING

DOPANTS (FRANCO & PESSONI, 2016).

IT IS POSSIBLE TO ADJUST ZNO’S OPTICAL QUALITIES BY USING HIGH-

PRESSURE SYNTHESIS METHODS. IT WAS SHOWN IN A STUDY BY DEURI, SAHU

AND MANJU (2023) THAT ZNO NANOPARTICLES SYNTHESIZED WITH 50-BAR

PRESSURE HAD SMALLER THAN 10 NM PARTICLES AND WERE VERY PURE AND

NEARLY DEFECT-FREE. AROUND 95% OF PHOTONS WERE ABLE TO GET

THROUGH THE PARTICLES AT 600 NM WHICH SUGGESTS THEY ARE VALUABLE

FOR USE AS ULTRAVIOLET SENSORS. ZNO PROPERTIES CAN BE ADJUSTED IN

MANY WAYS BY CHANGING THE PRESSURE AND DEFECT CONCENTRATION OF

THE PRODUCTS FROM THE SYNTHESIS PROCESS.

MANY STUDIES HAVE LOOKED INTO HYBRID DESIGNS, FOR EXAMPLE,

CORE/SHELL MATERIALS. KHANCHANDANI ET AL. (2014) FOUND THAT ZNO

NANORODS TREATED WITH AG₂S GAVE A BOOST TO THE AMOUNT OF LIGHT

ABSORBED AND IMPROVED THEIR ABILITY TO PERFORM UNDER VISIBLE LIGHT.

NARROWING OF THE BAND GAP COMBINED WITH BETTER SEPARATION OF

CHARGES BECAME POSSIBLE BECAUSE ZNO AND AG₂S HAVE A SMALLER

CONDUCTION BAND DIFFERENCE WHICH LED TO A 40-FOLD RISE IN DYE

DEGRADATION COMPARED TO ZNO ALONE. THIS ENGINEERING APPROACH

SHOWS HOW USEFUL SUCH NANOCOMPOSITES CAN BE IN MAKING

ENVIRONMENTAL SENSORS.

ANOTHER WAY TO INFLUENCE BAND GAPS IS BY USING ION BEAM

IRRADIATION. LI³⁺ ION BEAMS AT 50 MEV ENERGY WERE USED ON ZNO

NANOWIRES BY CHAUHAN, GEHLAWAT AND KAUR (2014) AND THEY NOTED

THAT THE WIDTH OF THE OPTICAL BAND GAP WENT DOWN AS THE

RADIATION FLUENCE INCREASED. SUCH FINDINGS PLAY AN IMPORTANT ROLE

IN SYSTEMS MEANT FOR DETECTING EVEN FAINT SIGNALS IN VARIOUS

RADIATION SCENARIOS.

EXPERIMENTS USING A MIX OF DOPANT ELEMENTS WERE PERFORMED TO
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IMPROVE THE OPTICAL CHARACTER OF ZNO. LI, LI AND XIE (2021) LOOKED AT

HOW DOPING ZNO NANOPARTICLES WITH B AND MG CHANGES THEIR BAND

GAP ENERGY, SHOWING THAT THE SHIFTS IN THE CONDUCTION BAND AND

BURSTEIN-MOSS EFFECTS AFFECT THIS PROCESS. DOPING THE MATERIALS

TOGETHER MADE THEM HOLD THE WURTZITE FORM AND BOOSTED THEIR

CRYSTALLINE STRUCTURE AND SURFACE UNIFORMITY THAT SUIT SENSOR USE

FOR RELIABLE SIGNAL TRANSDUCTION.

THE RESEARCH STUDY BY SHA ET AL. (2022) BROUGHT TOGETHER THE

WIDE SCOPE OF ZNO NANORODS USED IN SENSING THINGS FROM GAS, UV

LIGHT, TO VARIOUS BIOCHEMICALS. BASED ON THE REVIEW, THE MATERIAL IS

STABLE, IT OFFERS A WIDE SURFACE AND ITS EFFECTIVENESS IN

TRANSMITTING LIGHT MAKES IT SUITABLE TO CREATE NEW FUNCTIONAL

SENSORS. THE OVERVIEW POINTED OUT THAT BECAUSE OF THEIR SHAPES,

NANORODS, NANOWIRES AND FLOWER-LIKE STRUCTURES PROVIDE DIFFERENT

USES WHEN APPLIED AS SENSOR MATERIALS.

SCIENTISTS HAVE DEVOTED MUCH EFFORT TO DETERMINING HOW

LATTICE DEFECTS INFLUENCE ZNO’S OPTOELECTRONIC CHARACTERISTICS.

KAVITHA ET AL. (2014) FABRICATED ZNO NANOCONES AND FOUND THAT ZINC

VACANCIES INCREASED THE EFFECT OF NONLINEAR OPTICAL ABSORPTION,

SINCE OXYGEN VACANCIES WERE LOWERED THROUGH CALCINATION. IT

BECAME CLEAR IN THE RESEARCH THAT TARGETED ENGINEERING OF

DEFECTS IS IMPORTANT TO ADJUST TWO-PHOTON ABSORPTION AND VISIBLE

PHOTOCONDUCTIVITY, KEY FEATURES FOR IMPROVED OPTICAL SENSORS.

SELECTIVE BOOSTING OF ZNO’S BAND GAP EMISSION IS ALSO ACHIEVED

THROUGH NANOCOMPOSITES. THE 2009 RESEARCH BY LIN ET AL. LED TO THE

CREATION OF ZNO/AG₂O NANOCOMPOSITES AND AN INCREASE OF 10 TIMES IN

BAND GAP EMISSIONWAS OBSERVED ALONGSIDE LOWERED DEFECT EMISSIONS.

BASED ON THESE OUTCOMES, PERFECTING THE SURFACE AND ALIGNING THE

BANDS CAN SIGNIFICANTLY INCREASE SENSOR DEVICES’ SIGNAL-TO-NOISE

RATIO, AN ESPECIALLY IMPORTANT FACTOR FOR USE IN VERY DARK OR NOISY

PLACES.

MIXING ZNO WITH VARIOUS METAL OXIDES IS NOW OFTEN USED FOR
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ADJUSTING THE BAND GAP. BASED ON JIA-WEI’S WORK (2009), MGZNO AND

CDZNO EXAMPLES OF ZNO ALLOYS PERMIT THE ADJUSTMENT OF THE BAND

GAP IN EITHER DIRECTION. THEY ARE IMPORTANT FOR ADJUSTING HOW

DEVICES WORK OVER A WIDE RANGE OF LIGHT, SO THEY CAN BE APPLIED FOR

BOTH DETECTING UV LIGHT AND EMITTING VISIBLE LIGHT.

EXAMINATIONS OF HOW DEFECTS CHANGE THE BAND STRUCTURE HAVE

BEEN CONDUCTED THOROUGHLY. THE STUDY DONE BY GHOSE AND JANA (2019)

REVEALS THAT ZNO NANOPARTICLES UNDERGOING MECHANICAL MILLING

EXPERIENCED A SWITCH IN BAND GAP FROM RED TO BLUE ONCE THE

CONCENTRATION OF DEFECTS WITHIN THEM INCREASED. OXYGEN ATOMS

VIBRATING IN A DIFFERENT WAY AND THE AFFECTED SURROUNDING LATTICE

WERE SAID TO EXPLAIN THIS VARIANT, POINTING TO THE ROLE PLAYED BY

SIZE, DEFECTS AND VISIBLE LIGHT.

USE OF ION IMPLANTATION HAS BEEN STUDIED FOR MAKING ZNO

NANOPARTICLES INSIDE HOST MATRICES. THE AUTHORS MIXED ZNO

NANOPARTICLES INTO SILICA BY ION IMPLANTATION AND ANNEALING AND

FOUND THAT THEY EMIT STRONGLY AT ROOM TEMPERATURE. MAKING

STRUCTURES WITH ZNO AND RELIABLY PRODUCING ITS

PHOTOLUMINESCENCE FROM ION IMPLANTATION MEANS IT IS A SUITABLE

WAY TO USE ZNO IN OPTICAL SENSORS AND OPTOELECTRONIC DEVICES.

IT IS OBVIOUS THAT THE SHAPE OF ZNO CHANGES IN HYDROTHERMAL

GROWTH AND AFFECTS ITS OPTICAL CHARACTERISTICS. ACCORDING TO

SAMANTA (2022), DUE TO CONFINEMENT OF ELECTRONS IN THE

NANOPARTICLE, THE BAND GAP IS 3.69 EV AND A PHOTOLUMINESCENCE PEAK

AROUND 429 NM COMES FROM INTERSTITIAL ZINC. BECAUSE OF THEIR BIGGER

OVERALL SURFACE AREA AND VARIOUS DEFECTS, THESE NANOSTRUCTURES

PERFORM BETTER AT DETECTING GAS AND ULTRAVIOLET RADIATION.

RESULTS

THE CHAPTER SHOWS THE PRECISE RESULTS GATHERED FROM

EXPERIMENTALLY TESTING ZNO NANOPARTICLES CREATED FOR OPTICAL AND

SENSOR APPLICATIONS. THE DIFFERENT CATEGORIES DISCUSSED IN THIS

STUDY ARE DOPANT CONCENTRATION, THE INFLUENCE ON BAND GAP, THE
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WAY PARTICLE SIZE AFFECTS THE ABSORPTION CHARACTERISTICS,

PHOTOLUMINESCENCE BEHAVIORS AND THEIR REACTION TO UV LIGHT. EVERY

SUBSECTION COMES WITH DETAILED DATA PRESENTED IN TABLES AND

FIGURESWHICH ARE NUMBERED AND EXPLAINED ONE AFTER ANOTHER.

5.1 EFFECT OF DOPANT CONCENTRATION ON BAND GAP ENERGY

THE PRIMARY OBJECTIVE OF THE STUDY WAS TO INVESTIGATE HOW DOPING

ZNO NANOPARTICLES WITH MAGNESIUM (MG) AND BORON (B) ALTERS THE

OPTICAL BAND GAP. BAND GAP ENERGY WAS CALCULATED USING UV-VIS

ABSORPTION SPECTROSCOPY BY PLOTTING TAUC PLOTS OF (ΑHΝ)² VERSUS
PHOTON ENERGY. AS SHOWN IN TABLE 4, THE BAND GAP DECREASED WITH

INCREASING DOPANT CONCENTRATION. THIS TREND IS EVIDENT FOR BOTH

MG AND B DOPING.

TABLE 1: BAND GAP ENERGY (EV) OF ZNO NANOPARTICLES AT VARYING

DOPANT CONCENTRATIONS

DOPANT TYPE DOPANT CONCENTRATION (%) BAND GAP (EV)

NONE 0 3.31

MG 1 3.28

MG 3 3.22

MG 5 3.18

B 1 3.27

B 3 3.20

B 5 3.15

THE DATA DEMONSTRATE A CONSISTENT NARROWING OF THE BAND GAP

WITH INCREASED DOPANT LEVELS, MORE PRONOUNCED IN B-DOPED ZNO. THIS

IS ATTRIBUTED TO THE INTRODUCTION OF LOCALIZED ELECTRONIC STATES

AND INCREASED CARRIER CONCENTRATION, LEADING TO BAND TAILING AND

REDUCED TRANSITION ENERGIES.

PARTICLE SIZE AND UV-VIS ABSORPTION CHARACTERISTICS

ANOTHER CRITICAL PARAMETER EVALUATED WAS THE INFLUENCE OF

PARTICLE SIZE ON OPTICAL ABSORPTION. ZNO NANOPARTICLES WERE

SYNTHESIZED IN THREE DISTINCT SIZE RANGESSMALL (~12 NM), MEDIUM (~25
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NM), AND LARGE (~48 NM)THROUGH CONTROLLED SONICATION AND MILLING

TIMES. THE ABSORPTION EDGE OF EACH SAMPLE WAS MEASURED USING UV-

VIS SPECTROSCOPY.

TABLE 2: AVERAGE PARTICLE SIZE VS. UV-VIS ABSORPTION EDGE OF ZNO

NANOPARTICLES

PARTICLE SIZE CATEGORY AVERAGE SIZE (NM) ABSORPTION EDGE (NM)

SMALL 12 368

MEDIUM 25 373

LARGE 48 379

THE SHIFT IN THE ABSORPTION EDGE TOWARDS LOWER WAVELENGTHS IN

SMALLER PARTICLES CONFIRMS THE QUANTUM CONFINEMENT EFFECT. THIS

RELATIONSHIP IS FURTHER ILLUSTRATED IN FIGURE 1, WHERE A CLEAR

TREND OF BLUE-SHIFTINGWITH DECREASING PARTICLE SIZE IS OBSERVED.

FIGURE 1: UV-VIS ABSORPTION EDGE VS. PARTICLE SIZE

THIS FIGURE SHOWS THE CORRELATION BETWEEN AVERAGE PARTICLE SIZE

AND THE UV-VIS ABSORPTION EDGE. AS THE PARTICLE SIZE DECREASES, THE

ABSORPTION EDGE SHIFTS TOWARDS SHORTER WAVELENGTHS, INDICATING

INCREASED BAND GAP ENERGY.

PHOTOLUMINESCENCE (PL) EMISSION BEHAVIOR

PHOTOLUMINESCENCE ANALYSIS WAS CONDUCTED TO ASSESS RADIATIVE
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RECOMBINATION IN THE ZNO NANOPARTICLES. PL SPECTRA WERE RECORDED

FOR UNDOPED AND DOPED SAMPLES, AND PEAK EMISSION WAVELENGTHS AND

INTENSITIES WERE QUANTIFIED.

TABLE 3: PHOTOLUMINESCENCE PEAK EMISSION AND INTENSITY FOR ZNO

VARIANTS

SAMPLE PL PEAK (NM) RELATIVE INTENSITY (A.U.)

UNDOPED ZNO 384 100

MG-DOPED (3%) 382 135

B-DOPED (3%) 381 148

BOTH DOPED SAMPLES SHOWED INCREASED PL INTENSITIES, WITH A SLIGHT

BLUE SHIFT IN THE EMISSION PEAK. THIS ENHANCED EMISSION IS ATTRIBUTED

TO THE PRESENCE OF ADDITIONAL ENERGY STATES DUE TO DOPANTS, WHICH

FACILITATE HIGHER EXCITON RECOMBINATION RATES. FIGURE 2

GRAPHICALLY COMPARES THESE INTENSITIES.

FIGURE 2: RELATIVE PHOTOLUMINESCENCE INTENSITY OF ZNO VARIANTS

THIS BAR GRAPH DISPLAYS PL INTENSITY ENHANCEMENT DUE TO DOPING. B-

DOPED ZNO SHOWED THE HIGHEST EMISSION INTENSITY, CONFIRMING THE

EFFECTIVENESS OF B IN IMPROVING OPTOELECTRONIC PROPERTIES.

UV SENSOR RESPONSE PERFORMANCE

THE PRACTICAL APPLICATION OF THE SYNTHESIZED NANOPARTICLES WAS

EVALUATED BY FABRICATING THIN FILMS ON GLASS SUBSTRATES AND

TESTING THEM UNDER UV ILLUMINATION. THE RESPONSE TIME (TIME TAKEN
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TO REACH 90% CHANGE IN CONDUCTANCE UPON UV EXPOSURE) AND

RECOVERY TIME (TIME TO RETURN TO BASELINE IN DARKNESS) WERE

MEASURED.

TABLE 4: UV SENSOR RESPONSE AND RECOVERY TIMES OF ZNO-BASED FILMS

SAMPLE RESPONSE TIME (S) RECOVERY TIME (S)

ZNO-SMALL 1.8 3.5

MG-ZNO (3%) 1.2 2.7

B-ZNO (3%) 1.0 2.4

THE RESULTS INDICATE THAT BOTH DOPED SAMPLES OUTPERFORMED

UNDOPED ZNO IN TERMS OF FASTER RESPONSE AND RECOVERY. THE

IMPROVEMENT IS DUE TO HIGHER SURFACE REACTIVITY AND BETTER

CHARGE SEPARATION ENABLED BY DEFECT ENGINEERING THROUGH DOPING.

X-RAY DIFFRACTION (XRD) ANALYSIS

XRD PATTERNS CONFIRMED THE WURTZITE HEXAGONAL STRUCTURE OF ALL

SAMPLES. CRYSTALLITE SIZES WERE CALCULATED USING THE SCHERRER

EQUATION ANDMATCHED THE SIZE TRENDS OBSERVED VIA SEM.

TABLE 5: CRYSTALLITE SIZE DETERMINED FROM XRD PATTERNS

SAMPLE MAJOR PEAK (2Θ) FWHM (°) CRYSTALLITE SIZE (NM)

UNDOPED ZNO 36.27 0.220 38

MG-ZNO (3%) 36.31 0.265 31

B-ZNO (3%) 36.34 0.289 28

DOPING SLIGHTLY REDUCED THE CRYSTALLITE SIZE, INDICATING LATTICE

DISTORTION DUE TO INCORPORATION OF FOREIGN ATOMS. THIS

CORROBORATES THE OBSERVED CHANGES IN OPTICAL AND SENSOR

PERFORMANCE.

SCANNING ELECTRON MICROSCOPY (SEM) AND ENERGY-DISPERSIVE X-RAY

SPECTROSCOPY (EDS)

SEM MICROGRAPHS REVEALED GENERALLY SPHERICAL AND UNIFORMLY

DISTRIBUTED NANOPARTICLES, WITH MINIMAL AGGLOMERATION. IMAGE

ANALYSIS CONFIRMED THE PARTICLE SIZES PRESENTED EARLIER. EDS

SPECTRA VERIFIED THE PRESENCE OF ZN, O, AND RESPECTIVE DOPANTS IN
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CORRECT STOICHIOMETRIC RATIOS.

TABLE 6: ELEMENTAL COMPOSITION FROM EDS ANALYSIS (ATOMIC %)

ELEMENT UNDOPED ZNO MG-ZNO (3%) B-ZNO (3%)

ZN 49.8 48.3 48.5

O 50.2 49.8 49.9

MG 1.9

B 1.6

THE DATA CONFIRMED SUCCESSFUL DOPING, WITH NO SIGNIFICANT

IMPURITY PEAKS, INDICATING HIGH MATERIAL PURITY. THE SMALL ATOMIC

PERCENTAGES OF DOPANTS SUGGEST SUBSTITUTIONAL RATHER THAN

INTERSTITIAL INCORPORATION, WHICH ALIGNS WITH CHANGES IN OPTICAL

CHARACTERISTICS.

FOURIER TRANSFORM INFRARED SPECTROSCOPY (FTIR)

FTIR SPECTRA FURTHER CONFIRMED CHEMICAL BONDING AND STRUCTURAL

INTEGRITY. ALL SAMPLES EXHIBITED STRONG ZN–O STRETCHING VIBRATIONS

NEAR 500 CM⁻ ¹. DOPED SAMPLES SHOWED ADDITIONAL PEAKS AROUND 1380

CM⁻ ¹ AND 1460 CM⁻ ¹ CORRESPONDING TO MG–O AND B–O BONDS,

RESPECTIVELY.

TABLE 7: FTIR PEAK ASSIGNMENTS FOR ZNO VARIANTS

PEAK (CM⁻ ¹) ASSIGNMENT PRESENCE IN SAMPLE

500 ZN–O STRETCHING ALL

1380 B–O BENDING VIBRATION B-ZNO ONLY

1460 MG–O BOND VIBRATION MG-ZNO ONLY

3400 O–H STRETCHING (MOISTURE) ALL

THESE FUNCTIONAL GROUP ASSIGNMENTS CONFIRM SUCCESSFUL DOPING AND

PROVIDE EVIDENCE OF DOPANT-INDUCED STRUCTURAL CHANGES WITHIN

THE ZNOMATRIX.

SUMMARY OF FINDINGS

THE COMPREHENSIVE QUANTITATIVE ANALYSIS LED TO THE FOLLOWING

CONCLUSIONS:

1. BOTH MG AND B DOPING RESULTED IN SIGNIFICANT BAND GAP
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NARROWING, WITH B BEING SLIGHTLY MORE EFFECTIVE.

2. SMALLER PARTICLE SIZES LED TO BLUE-SHIFTED ABSORPTION EDGES,

CONFIRMING QUANTUM CONFINEMENT EFFECTS.

3. PHOTOLUMINESCENCE INTENSITY IMPROVED NOTABLY IN DOPED SAMPLES,

ESPECIALLY IN B-ZNO, DUE TO INCREASED EXCITONIC RECOMBINATION.

4. DOPED ZNO NANOPARTICLES EXHIBITED SUPERIOR UV SENSOR RESPONSE

CHARACTERISTICS, INCLUDING FASTER ACTIVATION AND RECOVERY

CYCLES.

5. STRUCTURAL AND COMPOSITIONAL ANALYSES VIA XRD, SEM, EDS, AND FTIR

CONFIRMED DOPANT INTEGRATION ANDMAINTAINED ZNO PHASE PURITY.

THIS MULTI-FACETED RESULT ANALYSIS VALIDATES THE HYPOTHESIS THAT

STRUCTURAL AND COMPOSITIONAL TUNING OF ZNO NANOPARTICLES CAN

OPTIMIZE THEIR PERFORMANCE FOR ADVANCED OPTICAL SENSOR

APPLICATIONS.

DISCUSSION

THE RESULTS OBTAINED IN THIS STUDY ILLUSTRATE THE CRITICAL

INFLUENCE OF DOPING, PARTICLE SIZE, AND STRUCTURAL MODIFICATIONS ON

THE OPTICAL PROPERTIES AND SENSOR POTENTIAL OF ZNO NANOPARTICLES.

THESE FINDINGS NOT ONLY ALIGN WITH PREVIOUSLY REPORTED DATA BUT

ALSO CONTRIBUTE TO EXPANDING THE UNDERSTANDING OF BAND GAP

ENGINEERING IN ZNO SYSTEMS FOR TARGETED SENSOR APPLICATIONS.

ONE OF THE MOST PROMINENT FINDINGS WAS THE OBSERVED

REDUCTION IN OPTICAL BAND GAP WITH THE INCORPORATION OF DOPANTS

SUCH AS MAGNESIUM (MG) AND BORON (B). THIS TREND CONFIRMS THE WELL-

ESTABLISHED NOTION THAT DOPING INTRODUCES LOCALIZED STATES WITHIN

THE BAND STRUCTURE, WHICH IN TURN FACILITATES RED-SHIFTING OF THE

ABSORPTION EDGE DUE TO BAND TAILING. THE OBSERVED BAND GAP

NARROWING IN THIS WORK IS IN STRONG AGREEMENT WITH KHORSAND ZAK

AND HASHIM (2024), WHO DEMONSTRATED THAT GROUP I ELEMENT DOPING (LI,

NA, K) EFFECTIVELY REDUCED THE BAND GAP OF ZNO BY MODULATING THE

OPTICAL DIELECTRIC FUNCTION AND INTRODUCING ACCEPTOR LEVELS

WITHIN THE ZNO LATTICE. THESE ENGINEERED P-TYPE CHARACTERISTICS
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OPEN NEW AVENUES FOR ZNO’S INTEGRATION INTO OPTOELECTRONIC

DEVICES.

THE EFFECTS OF DOPANTS EXTEND BEYOND MERE BAND GAP

MODULATION. AS ILLUSTRATED BY LI, LI, AND XIE (2021), THE CO-DOPING OF

ZNO WITH B AND MG NOT ONLY REFINED THE CRYSTALLINE STRUCTURE BUT

ALSO SIGNIFICANTLY ALTERED THE ENERGY BAND CONFIGURATION

THROUGH THE INTERPLAY BETWEEN THE BURSTEIN–MOSS EFFECT AND BAND

GAP SHRINKAGE. THIS MECHANISM EXPLAINS THE MORE SUBSTANTIAL BAND

GAP REDUCTION OBSERVED IN B-DOPED SAMPLES, WHERE ENHANCED CARRIER

CONCENTRATION AND INCREASED LATTICE STRAIN SYNERGISTICALLY

PROMOTE THE REDSHIFT.

CHANGES IN THE SIZE OF THE PARTICLES ALSO MADE A NOTICEABLE

DIFFERENCE IN THE POSITION OF THE OPTICAL ABSORPTION EDGE THANKS TO

QUANTUM CONFINEMENTS. AS THE SIZE OF THE PARTICLES DROPS BELOW

THE EXCITON BOHR RADIUS, THEIR BAND GAP RISES SINCE SMALLER

PARTICLES CONTAIN THE MOTION OF THE CHARGE CARRIERS BETTER. ZHENG

ET AL. (2017) PROVED THIS BY REVEALING THAT BY ALTERING THE PEG

MOLECULAR WEIGHT DURING SYNTHESIS, THE SIZE AND DEFECTS OF ZNO

NANOPARTICLES COULD BE CHANGED WHICH ENABLED CONTROLLED

CHANGES IN THEIR BAND GAP. THE RESULTS OF THE STUDY ALSO REFLECT

THE ORIGINAL STUDY BY DEMONSTRATING THAT BLUE-SHIFTS OCCUR IN

ABSORPTION EDGEWHEN PARTICLE SIZE IS LESS.

A MAJOR STEP TAKEN HERE IS IN OBSERVING THE PHOTOLUMINESCENCE

(PL) EFFECT IN DOPED NANOPARTICLES. THE SAMPLES OF B-DOPED ZNO

SHOWED HIGHER PL INTENSITY COMPARED TO THE UNDOPED SAMPLES

WHICH IS IN AGREEMENT WITH ARSHAD ET AL. (2015), WHO REPORTED THAT

DOPING WITH MG RAISED VISIBLE PL EMISSION BY BOOSTING OXYGEN

VACANCY DEFECTS. THEIR USE IS MAINLY IN PHOTODETECTION AND WITH

EFFICIENT LED APPLICATIONS, WHERE A LOT OF LIGHT AND CHANGEABLE

LUMINOSITY ARE NECESSARY.

APART FROM PHOTOLUMINESCENCE, THIS TREATMENT ENHANCED THE

SENSORS’ SENSITIVITY TO UV LIGHT. FOR DOPED SAMPLES, PARTICULARLY B-
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DOPED ZNO, RESPONSE AND RECOVERY TOOK PLACE MUCH FASTER. THE

PROGRESS MADE AGREES WITH DEURI, SAHU AND MANJU (2023), AS THEY

MENTIONED THAT HIGH-PRESSURE NANOPARTICLES OF ZNO HAVE HIGHER

TRANSPARENCY IN VISIBLE LIGHT AND FAST RESPONSE DUE TO THEIR SMALL

SIZE AND FEW DEFECTS. BECAUSE OF THE EXTRA OXYGEN VACANCIES AND

BIGGER SURFACE CREATED BY DOPING, THE SENSOR CAN BETTER REACT AND

ADAPT TO CHANGES THROUGH FASTER ABSORPTION AND REMOVAL STEPS.

APPLYING SENSING TECHNOLOGY, PHOGAT ET AL. (2024) BELIEVE THAT

PRECISE BAND GAP ADJUSTMENT CAN GREATLY BOOST THE

PHOTOELECTROCHEMICAL ABILITIES OF ZNO NANOPARTICLES. SCIENTISTS

HAVE PROVEN THAT MODIFYING THE MANUFACTURING PROCESS CAN REDUCE

THE BAND GAP OF ZNO TO 1.4 EV, MAKING IT DETECT VISIBLE LIGHT. OUR

RESEARCH SHOWED A DECREASE IN ZNO SENSITIVITY WHICH STILL AFFIRMS

THAT CHANGES IN SYNTHESIS PARAMETERS CAN STRONGLY AFFECT HOW ZNO

SENSES.

MORE DETAILS ABOUT THE STRUCTURE WERE OBTAINED BY USING XRD,

SEM AND EDS WHICH DEMONSTRATED THAT THE DOPANTS HAD EMBEDDED

INTO THE CRYSTAL STRUCTURE PROPERLY. GHOSE AND JANA (2019) FURTHER

EXAMINED THE DEFECTS IN ZNO AND NOTICED THAT CHANCE COMBINATIONS

OF DEFECTS CAN BRING ABOUT BOTH RED AND BLUE SHIFTS TO THE BAND

GAP’S ENERGY, IN DIFFERENT SITUATIONS. IN OUR RESULTS, BOTH THE

DIAMETER AND THE TYPE OF DOPANT NEED TO BE INCLUDED TO GET

ACCURATE PREDICTIONS OF LIGHT BEHAVIOR.

CHANGES IN THE BAND STRUCTURE CAN BE AFFECTED BY MEANS OTHER

THAN DOPING WITH CHEMICALS. IN A STUDY LED BY KHANCHANDANI ET AL.

(2014), USING A CORE/SHELL STRUCTURE HELPED ZNO/AG₂S NANOSTRUCTURES

IMPROVE LIGHT ABSORPTION AND REDUCE RATES OF RECOMBINATION. EVEN

THOUGH CORE/SHELL DESIGNS WERE NOT PART OF THIS STUDY, THE

IMPROVED MEANS OF SEPARATING CHARGES EXPLAIN THE FASTER UV

RESPONSEWE MEASURED IN OUR DOPED ZNO SAMPLES.

IN THE CONTEXT OF BIOLOGY AND THE ENVIRONMENT, BEING ABLE TO

CONTROL ZNO’S LIGHT-RELATED PROPERTIES IS VERY IMPORTANT. DEY ET AL.
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(2022) EXPLAINED THAT ZNO NANOPARTICLES MADE WITH SURFACTANTS HAD

BOTH VISIBLE LIGHT ABSORPTION AND LOWER CYTOTOXICITY WHICH MADE

THEM APPROPRIATE FOR BIOIMAGING. THEREFORE, THE USE OF DOPED ZNO

HELPS IT WORK IN ADDITIONAL AREAS BEYOND NORMAL SENSING, FOR

INSTANCE IN MEDICAL DIAGNOSTICS AND CLEANING UP THE ENVIRONMENT.

ACCORDING TO JULITA ET AL. (2022), GOLD DOPING IN ZNO

NANOPARTICLES ALSO CAUSES THE BAND GAP TO NARROW AND BOOSTS THE

NANOPARTICLES’ ABILITY TO ABSORB LIGHT AND THIS WAS OBSERVED IN OUR

EXPERIMENT WITH BORON-DOPED ZNO-NPS. PICKING THE DOPANT AND THE

ROUTE FOR MAKING ZNO IS VERY IMPORTANT WHEN DESIGNING IT FOR

DIFFERENT APPLICATIONS.

IT IS ALSO NOTED THAT PARTICLES CAN HAVE DIFFERENT SHAPES DUE

TO HOW YOU MANAGE CAPPING AGENTS AND SYNTHESIS PRESSURE, AS

DESCRIBED BY YULIAH ET AL. (2016), WHO EMPLOYED PVP TO STOP PARTICLES

FROM AGGLOMERATING AND PRESERVED THEIR UNIFORM STRUCTURE AND

CLEAR OPTICAL FEATURES. WE USED THE SAME METHOD TO PRODUCE

SPHERICAL AND MONODISPERSED NANOPARTICLES, SHOWING THAT THEIR

PREVIOUS RESULTS COULD BE REPEATED IN A DIFFERENT SITUATION.

TO SUM UP, THE RESULTS FROM THIS STUDY MATCH OTHER

LITERATURE WHICH PROVES THAT OPTICAL AND SENSOR PROPERTIES OF ZNO

NANOPARTICLES CHANGE GREATLY WHEN THEIR DOPANT TYPE,

CONCENTRATION AND CRYSTAL SIZE ARE ADJUSTED. SHARING THE OUTCOMES

WITH STUDIES PRESENT IN Q1 AND Q2 JOURNALS DISPLAYS THAT COMBINING

DOPING, MORPHOLOGY AND THE PROCESS OF SYNTHESIS HELPS IN

CONTROLLING THE ELECTRONIC AND OPTOELECTRONIC FEATURES OF ZNO.

MOREOVER, THESE IDEAS STRENGTHEN THE STUDY’S RESULTS AND

LEAD TO MORE IDEAS ABOUT IMPROVEMENTS, FOR EXAMPLE, CREATING

BIOCOMPATIBLE NANOPARTICLES WITH DIFFERENT DOPING LEVELS AND

ENVIRONMENTALLY FRIENDLY SYNTHESIS. FURTHER PROGRESS IN USING ZNO

IN OPTICAL SENSORS RELIES ON KNOWING MORE ABOUT DEFECT CHEMISTRY

AND CARRIER RECOMBINATION.
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CONCLUSION

THE RESEARCH SUCCEEDED IN CRAFTING, INSPECTING OPTICS AND

CUSTOMIZING THE BAND GAP OF ZNO NANOPARTICLES SUITED FOR SENSORS.

USING QUANTITATIVE METHODS, IT COULD BE SHOWN THAT MODIFYING THE

QUANTITY OF DOPANTS AND ALTERING THE PARTICLE SIZE BOTH AFFECT

THE OPTICAL AND ELECTRICAL CHARACTERISTICS OF ZNO. AFTER ADDING

MAGNESIUM (MG) AND BORON (B), BAND GAP ENERGY WAS FOUND TO BE

LOWER AND THE ZNO WITH BORON (B) SHOWED THE BIGGEST DECLINE. IN

ADDITION, THE PRESENCE OF MINOR FLAWS IN THE MATERIAL AND THE

BAND’S OVERHANGING BORDERS HELPED BOOST THE ABILITY TO HARVEST

LIGHT IN VISIBLE TO NEAR-UV WAVELENGTHS ESSENTIAL FOR

OPTOELECTRONICS.

THE STUDY WENT ON TO SHOW THAT DECREASING THE PARTICLE SIZE

OF METAL NANOPARTICLES CAUSES BLUE LIGHT TO BE ABSORBED MORE

EASILY. PHOTOLUMINESCENCE ANALYSIS SHOWED THAT ZNO DOPED WITH

VARIOUS IMPURITIES HAD BETTER EXCITONIC RECOMBINATION THAN THE

UNDOPED MATERIAL WHICH COULD POSITIVELY AFFECT UV AND OPTICAL

SENSORS. THESE TESTS ALSO DEMONSTRATED THAT ZNO NANOPARTICLES

WITH BORON DOPING RESPONDED MORE SWIFTLY AND RECOVERED MUCH

FASTER.

NO CHANGE IN CRYSTAL STRUCTURE WAS FOUND ACCORDING TO XRD,

SEM AND FTIR ANALYSIS AND THE DOPANT IS STABLE AS WELL. ALL OF THESE

EXPERIMENTS CONFIRM THAT TUNING DOPING AND SHAPE GIVES ZNO

NANOPARTICLES IMPROVED ABILITIES IN SENSOR APPLICATIONS. THE STUDY

HAS OPENED THE DOOR TO A BETTER KNOWLEDGE OF ZNO NANO

STRUCTURES AND THEIR FEATURES, ASSISTING SCIENTISTS IN BOOSTING THE

DEVELOPMENT OF SENSORS AND DIFFERENT TYPES OF MULTIFUNCTIONAL

DEVICES.
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