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TÓM�TẮT

Vật� liệu� huỳnh�quang� không� pha� tạp�Zn�6Q2�� ±�6Q2�� kích� thước� cỡ� vài�µm� đã�được� chế� tạo� thành�công�bằng�
phương�pháp�phản�ứng�pha�rắn�và�nung�ở�nhiệt�độ�1100�°C�trong�bài�báo�này.�Vật�liệu�huỳnh�quang�này�phát�ánh�sáng�trắng�
tương�tự�như�phổ�ánh�sáng�Mặt�Trời�với�bước�sóng�phát�xạ�trong�khoảng�từ�400�nm�–�800�nm.�Phổ�phát�xạ�của�mẫu�được�
phân�tích�hàm�Gauss�cho�các�cực�đại�phát�xạ�ở�các�bước�sóng�khoảng�450�nm,�515�nm,��580�nm,�680�nm�và�740�nm.�Bài�báo�
cũng�giải�thích�nguồn�gốc�của�các�đỉnh�phát�xạ�dựa�trên�lý�thuyết�phát�xạ�của�các�sai�hỏng.�Bên�cạnh�đó,�bài�báo�cũng�đề�
xuất�sơ�đồ�giải�thích�nguồn�gốc�của�các�đỉnh�phát�xạ.�Cuối�cùng,�khả�năng�ứng�dụng�của�vật�liệu�trong�chế�tạo�đèn�LED�
chiếu�ánh�sáng�trắng�cũng�được�nghiên�cứu�trong�bài�báo�này.�Bột�huỳnh�quang�sau�khi�chế�tạo�được�phủ�lên�chip�LED�n-
UV�(310�nm)�cho�kết�quả�đèn�LED�phát�ánh�sáng�trắng�với�chỉ�số�hoàn�màu�(CRI)�bằng�95.�Kết�quả�nghiên�cứu�cho�thấy,�
vật�liệu�huỳnh�quang�Zn�6Q2��±�6Q2��có�tiềm�năng�ứng�dụng�trong�chế�tạo�LED�trắng�với�giá�thành�rẻ�và�phương�pháp�
đơn�giản.

Từ�khóa:�SnO2�-�Zn�SnO4�,�vật�liệu�huỳnh�quang�Zn�SnO4�,�vật�liệu�huỳnh�quang�toàn�phổ.
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Email:�lethithaovien@qnu.edu.vn

TRƯỜNG�ĐẠI�HỌC�QUY�NHƠN
KHOA�HỌCTẠP�CHÍ



��

48<�1+21�81,9(56,7<
6&,(1&(-2851$/�2)

KWWSV���GRL�RUJ����������TQMV�����������
4X\�1KRQ�8QLYHUVLW\�-RXUQDO�RI�6FLHQFH��������������������

)XOO�YLVLEOH�VSHFWUD�RI�QRQ�GRSHG�SKRVSKRU�
IRU�:/('�DSSOLFDWLRQ

9R�7KL�3KX���7D�7KL�0LQK�/XRQ���'DR�;XDQ�9LHW���'DQJ�7KL�7R�1X���
1JX\HQ�0LQK�7KRQJ��DQG�1JX\HQ�7KL�7XQJ�/RDQ���/H�7KL�7KDR�9LHQ��


�)DFXOW\�RI�1DWXUDO�6FLHQFHV��4X\�1KRQ�8QLYHUVLW\��9LHWQDP
�,QWHUQDWLRQDO�7UDLQLQJ�,QVWLWXWH�IRU�0DWHULDOV�6FLHQFH��,7,06���+DQRL�8QLYHUVLW\�RI�6FLHQFH�

DQG�7HFKQRORJ\��+867���9LHWQDP

5HFHLYHG��������������5HYLVHG�������������

$FFHSWHG��������������3XEOLVKHG������������

$%675$&7

7KH�=Q�6Q2��±�6Q2��PLFUR�FRPSRVLWH�KDV�EHHQ�VXFFHVVIXOO\�IDEULFDWHG�E\�WKH�VROLG�UHDFWLRQ�WHFKQLTXH�IROORZHG�
E\�FDOFLQDWLRQ�DW�������&��7KH�REWDLQHG�SRZGHU�JLYHV�D�IXOO�YLVLEOH�UDQJH�IURP�����QP�WR�����QP��7KH�3/�VSHFWUD�
were�¿tted�into�¿ve�Gaussian�peaks�in�the�blue�to�the�far-red�region�centered�about�450�nm,�515�nm,�580�nm,�680�nm,�
DQG�����QP��7KH�RULJLQ�RI�WKHVH�HPLVVLRQV�ZDV�GLVFXVVHG�LQ�GHWDLO��7KH�SURSRVHG�GLDJUDP�IRU�H[SODLQLQJ�WKH�3/�
mechanism�has�been�given�in�this�paper.�Further,�the�prepared�phosphors�have�been�coated�onto�the�n-UV�LED�
chip,�which�shows�white�light�with�a�high�CRI�of�95.�The�result�approves�that�Zn�6Q2��±�6Q2��PLFUR�FRPSRVLWH�LV�
SRWHQWLDO�DSSOLFDWLRQV�LQ�ZKLWH�OLJKW�HPLWWLQJ�GLRGHV�E\�D�FKHDS�DQG�VWUDLJKWIRUZDUG�PHWKRG�


&RUUHVSRQGLQJ�DXWKRUV��

(PDLO��OHWKLWKDRYLHQ#TQX�HGX�YQ

���,1752'8&7,21

Light-emitting� devices� such� as� LEDs,�WLED,�
DQG�RWKHU�RSWRHOHFWURQLF�GHYLFHV�EDVHG�RQ�ZLGH�
band�gap�(WBG)�semiconductor�oxide�materials�
are� demonstrating� their� high� ef¿ciency� and�
XVHIXOQHVV�LQ�UHFHQW�\HDUV�EHFDXVH�RI�WKHLU�UHJXODU�
physical,� thermal� and� chemical� properties.1,2
One� primary� speci¿cation� used� in�WLED� and�
the� lighting� industry� is� the� Color� Rendering�
Index�(CRI);�thus,�improving�CRI�for�WLED�is�
a� signi¿cant�and�challenging�task.�One�method�
commonly�used�to�create�WLED�with�high�CRI�
is�combining�a�semiconductor�chip�(blue�or�UV)�
ZLWK�SKRVSKRUV��=LQF�R[LGH�DQG�WLQ�GLR[LGH�DUH�
WZR�RI�WKH�PRVW�SRSXODU�FDQGLGDWHV�IRU�SKRVSKRUV�
FRPSDUHG� ZLWK� RWKHUV� GXH� WR� WKHLU� VLPSOH�
V\QWKHVLV�DQG� VWDEOH� EHKDYLRU���Recently,�many�
VFLHQWLVWV�KDYH� WULHG� FRPELQLQJ� WKH� WZR� R[LGHV�

=Q2�DQG�6Q2��DV�D�FRPSRVLWH�RU�FRPSRXQG�WR�
FUHDWH�QHZ�SURSHUWLHV�WKDW�VXLW�WKHLU�DSSOLFDWLRQV��
For� instance,� the�coupling�may�slow�down� the�
UHFRPELQDWLRQ�RI�HOHFWURQ�KROH�SDLUV�RU�LPSURYH�
SHUIRUPDQFH� LQ� SKRWRFDWDO\WLF� H[SHULPHQWV��
=Q�6Q2��6Q2�� FRPSRVLWH� DQG� RWKHU� SKDVHV�
EDVHG�RQ�=Q2�DQG�6Q2��KDYH�EHHQ�SURGXFHG�E\�
YDULRXV�PHWKRGV�DQG�DSSOLHG�IRU�PDQ\�SXUSRVHV��
$EGHVVDOHP� HW� DO�� V\QWKHVL]HG� WKH� =Q2�6Q2�

QDQRFRPSRVLWHV� XVLQJ� WKH� VRO�JHO� PHWKRG� DQG�
DSSOLFDWLRQ� RQ� SKRWRFDWDO\WLF��� 3UHFLSLWDWLRQ� ±
GHFRPSRVLWLRQ�PHWKRG�ZDV�XVHG� WR�SUHSDUH�WKH�
=Q2�6Q2�� composite� by� V.kuzhalosai� et� al.��
Also,� Eu��� DQG� &D��� FR�GRSHG� =Q�6Q2�� ZHUH�
V\QWKHVL]ed� by� the� hydrothermal� method,� and�
LWV� HPLVVLRQ� ZDV� LQ� WKH� UHG� EDQG� DV� UHSRUWHG�
E\� .ULVKQD� 6DJDU� HW� DO�� LQ� ������� In� the� same�
method,�S.�Dinesh�et�al.�produced�zinc�stannate�
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(Zn
�
6Q2

�
�� DQG� DSSOLHG� LW� LQ� SKRWRFDWDO\WLF� DQG�

DQWLEDFWHULDO� DFWLYLW\��� ,Q� DGGLWLRQ�� RWKHU� VKDSHV�

RI�=Q
�
6Q2

�
�� OLNH�QDQREHOWV�DQG�QDQRULQJV��KDYH�

EHHQ� V\QWKHVL]HG� XVLQJ� WKHUPDO� HYDSRUDWLRQ� RU�

VLPSOH� FKHPLFDO� YDSRU� GHSRVLWLRQ� PHWKRGV�����

+LJK� HQHUJ\� PLOOLQJ� PHWKRG�� HOHFWURVSLQQLQJ��

DQG� FRPEXVWLRQ� PHWKRG� ZHUH� DOVR� DSSOLHG�

LQ� WKH� V\QWKHVLV� RI� =Q2�6Q2
�
� FRPSRVLWH� DQG�

=Q
�
6Q2

�
�������=Q

�
6Q2

�
�has�a�wide�band�gap�(3.6�

H9��ZLWK�JRRG�SRWHQWLDO�IRU�SKRVSKRU�DSSOLFDWLRQV��

+RZHYHU��RQO\�D� VPDOO�QXPEHU�RI� UHSRUWV�IRFXV�

RQ�WKH�RSWLFDO�SURSHUWLHV�RI�WKHVH�KRVW�PDWHULDOV����

)XUWKHUPRUH�� WKH�DSSOLFDWLRQ�RI�WKHVH�SKRVSKRUV�

RQ�:KLWH�/('�KDV�QRW�EHHQ�PXFK�UHJDUGHG�

1RUPDOO\�� D� SKRVSKRU� FRQVLVWV� RI� D� KRVW�

ODWWLFH�DQG�GRSLQJ� LRQV�VXFK�DV� UDUH�HDUWK� LRQV��

Speci¿cally,� Eu��� DQG� &D��� FR�GRSHG� =Q
�
6Q2

�
�

ZDV� V\QWKHVL]HG� XVLQJ� D� K\GURWKHUPDO� PHWKRG�

DQG�LWV�HPLVVLRQ�ZDV�LQ�WKH�UHG�EDQG�DV�UHSRUWHG�

E\� .ULVKQD� 6DJDU� HW� DO�� LQ� �������� ,Q� ������

'LPLWULHYVND� HW� DO�� UHSRUWHG� WKDW� (X��� GRSHG�

=Q
�
6Q2

�
�� JHQHUDWHG� E\� D� VROLG�VWDWH� UHDFWLRQ�

PHWKRG�� VKRZHG� VHYHUDO� HPLVVLRQ� EDQGV��

LQFOXGLQJ� QDUURZ� EDQGV� RI� PDJQHWLF� GLSROH�

HPLVVLRQ�DW�����QP�DQG�HOHFWULF�GLSROH�HPLVVLRQ�

DW�����QP����+RZHYHU��SKRVSKRUV�EDVHG�RQ�UDUH�

HDUWK�DUH�QRW�FKHDS�DQG�XQVDIH�

,Q�WKLV�SDSHU��WKH�XQGRSHG�SKRVSKRU�6Q2
�
�

��=Q
�
6Q2

�
�KDV�EHHQ�VXFFHVVIXOO\�SURGXFHG�E\�D�

VLPSOH�PHWKRG�±�VROLG�UHDFWLRQ��7KH�3/�VSHFWUD�

VKRZ� D� IXOO� YLVLEOH� UDQJH� OLNH� WKH� VXQOLJKW�

VSHFWUXP� IURP� ���� QP� WR� ���� QP��:KHQ� WKH�

SUHSDUHG� SKRVSKRU� LV� FRDWHG� RQWR� WKH� VXUIDFH�

of�an�n-UV��LED�chip,�the�device�shows�warm�
ZKLWH�FRORU�ZLWK�D�&5,�RI�����2WKHU�SDUDPHWHUV�

UHODWHG� WR� WKH� TXDOLW\� RI� :/('� KDYH� EHHQ�

FDOFXODWHG�� )XUWKHU�� WKH� RULJLQ� RI� 3/� HPLVVLRQ�

DQG�WKH�SURSRVHG�GLDJUDP�IRU�H[SODLQLQJ�WKH�3/�

PHFKDQLVP�KDYH�EHHQ�JLYHQ�LQ�WKLV�UHVHDUFK���

2.�EXPERIMENTIAL

7KH�VDPSOH�V\QWKHVL]HG�E\�VROLG�UHDFWLRQ�LQ�WKLV�

ZRUN�IROORZV�WKH�EHORZ�SURFHVV�

i.��Pure�ZnO�(99.99%,�Sigma-Aldrich)�and�
6Q2

�
� (99.99%,� Sigma-Aldrich)� powders� were�

XVHG�DV�VWDUWLQJ�PDWHULDOV��7KH�VWDUWLQJ�PDWHULDOV�

ZHUH� ZHLJKHG� DFFRUGLQJ� WR� WKH� VWRLFKLRPHWULF�

ZHLJKW� UDWLR�RI�����RI�=Q2��6Q2
�
�(5g�ZnO�and�

�J� 6Q2
�
���$IWHU� WKDW�� WKH� PL[WXUH� LV� JURXQGHG�

FRDUVHO\�IRU���KRXU�DQG�IXUWKHU�JURXQGHG�E\�KLJK�

energy�planetary�ball�milling�(Restch�PM400)�at�
D�VSHHG�RI�����USP�IRU����KRXUV��7KH�QH[W�VWHS�LV�

SXWWLQJ�WKH�PL[WXUH�LQWR�D�IXUQDFH�DQG�DQQHDOLQJ�

at�1100�°C.

ii.��The�powder�was�coated�on�to�UV�LED�
&KLS�

LLL�� 7KH� SDUDPHWHUV� RI� :/('� ZLOO� EH�

PHDVXUHG� DQG� FRPSDUHG� ZLWK� FRPPHUFLDO�

SURGXFWV��

7KH�SUHSDUHG�SRZGHUV�KDYH�EHHQ�DQDO\]HG�

by� X-ray� diffraction� (XRD)� using� CuKa�
radiation�(Bruker�D8�Advance)�in�the�2θ�range�of��
����±������7KH�VXUIDFH�PRUSKRORJ\�DQG�DYHUDJH�

VL]H� RI� SDUWLFOHV� DUH� GHWHUPLQHG� E\� XOWUD�KLJK�

UHVROXWLRQ� VFDQQLQJ� (OHFWURQ� 0LFURVFRS\��

(SEM� –� Jeol� JSM-7600F).� In� addition,� the�
HOHPHQWDO� DQDO\VLV� RI� WKH� VDPSOH� LV� VWXGLHG� E\�

energy� dispersive� spectrometry� (EDS)� carried�
RXW� RQ� WKH� -HRO� -60�����)� GHWHFWRU� RQ� WKH�

6(0� RYHU� WKH� UDQJH� ����.H9�� +RULED� -RELQ�

<YRQ� HTXLSPHQW� ZDV� WDNHQ� WR� LQYHVWLJDWH� WKH�

OXPLQHVFHQFH�FKDUDFWHULVWLFV�DW�URRP�WHPSHUDWXUH��

)XUWKHU�� WKH� L�'5� 6���$� 'HVNWRS� 'LVSHQVLQJ�

system�was�used�to�cover�the�phosphor�on�to�UV�
/('�&KLS��DQG�WKH�FKURPDWLFLW\�FRRUGLQDWHV�RI�

WKH�SKRVSKRUV�ZHUH�FDOFXODWHG�E\�D�/('�WHVWLQJ�

system�(Gamma�Scienti¿c).

3.�RESULTS�AND�DISCUSSION

3.1.�X-ray�diffraction

Figure� 1� illustrates� X-ray� diffraction� (XRD)�
SDWWHUQV�RI�=Q

�
6Q2

�
�±�6Q2

�
�FRPSRVLWHV�SUHSDUHG�

E\� VROLG� UHDFWLRQ� DQG� DQQHDOHG� DW� GLIIHUHQW�

WHPSHUDWXUes:�unanealing�(a);�500�°C�(b);�900�°C�
(c);�1000�°C�(d);�1100�°C�(e)�and�1200�°C�(f)�for�
�� KRXUV� LQ� DLU��$V� VKRZQ� LQ� )LJXUH� ��� WKH�;5'�

peaks� of� the� sample� annealed� at� 1100� °C� show�
WKH�KLJKHVW�LQWHQVLW\�DQG�VKDUSHVW�VXPPLW��$OO�WKH�

GLIIUDFWLRQ�SHDNV�DUH� LQGH[HG� WR� WKH� FXELF�SKDVH�

=Q
�
6Q2

�
� (JCPDS� card� no.� 00-024-1470,� space�

group�Fd-3m� (227)� and�cell� parameters� a�=�b�=��
F�  � ������c��� (Figure� 4a)� and�Tetragonal� phase�
6Q2

�
�(JCPDS�card�no.�00-021-1250,�space�group�
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P42/mm�(136)�and�cell�constants�a�=�b�=�4.738�Å�
DQG�F� �������c���(Figure�4b).�Furthermore,�as�can�
be�seen�in�Figure�1f,�the�peak�(101)�of�the�SnO

�
�

SKDVH�EHJLQV�WR�VHSDUDWH�LQWR�WZR�SHDNV�DQG�IRUP�

a�new�peak�(311)�of�Zn
�
6Q2

�
�at�900�°C.�The�same�

phenomenon�happens�at�the�(422)�peak�of�Zn
�
6Q2

�
�

at� 1200� °C.� The� formation� of� the� second� phase�
PD\� FDXVH� D� GHFUHDVH� LQ� WKH� SKRWROXPLQHVFHQFH�

LQWHQVLW\�RI�WKH� VDPSOH��VR�ZH�FKRVH�WKH�RSWLPDO�

temperature�of�1100�°C�in�this�work.

Figure� 1.� ;5'� SDWWHUQV� RI� 6Q2
�
�=Q

�
6Q2

�
� DPSOH�

unnealed�(a)�and�annealed�at�different�temperature�of�
500�C�(b);�900�°C�(c);�1000�°C�(d);�1100�°C�(e)�and�
1200�°C�(f).

���.�Phosphor�morphology�

,Q�RUGHU�WR�GHWHUPLQH�SKRVSKRU�PRUSKRORJ\�DQG�

VL]H� RI� WKH� VDPSOH�� D� W\SLFDO� VFDQQLQJ�HOHFWURQ�

microscope�(SEM)�has�been�carried�out�by�ultra-
KLJK� UHVROXWLRQ� VFDQQLQJ� (OHFWURQ� 0LFURVFRS\�

(SEM� –� Jeol� JSM-7600F).� Figure� 2� illustrates�
D� W\SLFDO� VFDQQLQJ� HOHFWURQ� PLFURVFRSH� LPDJH�

RI� WKH� SUHSDUHG� =Q
�
6Q2

�
�6Q2

�
� DW� GLIIHUHQW�

annealing�temperature�un-calcinated�(a);�500°C�
(b);� 900� °C� (c);� 1000� °C;� 1100� °C� (d)� and�
1200� °C� (f).� Both� particle� shape� and� size� are�
DIIHFWHG� E\� FKDQJLQJ� FDOFLQDWLRQ� WHPSHUDWXUH�

GUDPDWLFDOO\�� 7KH� SRZGHU� SDUWLFOHV� RI� WKH�

unannealed� sample� (a)�have�an� average�size�of�
DERXW� ��� QP�ZLWK� LUUHJXODU� VSKHULFDO� SDUWLFOHV��

:KHQ� WKH� DQQHDOLQJ� WHPSHUDWXUH� LQFUHDVHV� WR�

1000�°C,�the�sample�particle�sizes�are�bigger�and�
VSKHULFDO�PRUSKRORJ\�ZLWK�SDUWLFOH�ERXQGV�FDQ�

EH�REVHUYHG�FOHDUO\��7KLV�UHVXOW�LV�ZHOO�PDWFKHG�

ZLWK� WKH� ;5'� DQDO\VLV� PHQWLRQHG� DERYH�� 7KH�

average� particle� size�of� the�sample� at� 1100� °C�
LV�DERXW����QP�WR���P��ZKLFK�LV�D�VXLWDEOH�VL]H�

IRU�/('�DSSOLFDWLRQV��+RZHYHU��XQGHU�WKH�KLJK�

of� temperature� 1200� °C,� a� re-crystallization� or�
SDUWLFOHV�FOXVWHU�WRJHWKHU�WR�IRUP�PDVVLYH�RU�WLQ\�

SDUWLFOHV�

Figure�2.�)(6(0�LPDJHV�RI�6Q2
��
��=Q

�
6Q2

�
�sample:�unnealed�(a)�and�annealed�at�different�temperature�of�

500�°C�(b);�900�°C�(c);�1000�°C�(d);�1100�°C�(e)�and�1200�°C�(f).
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3.3.�Optical�properties

�

Figure� 3.� UV-Vis� spectra� of� the� sample� Zn
�
6Q2

��
��

6Q2
�
�at�calcination�temperature�of�1100�°C.�

The�UV�–� vis� spectroscopy�was� used� to�
H[DPLQH� RSWLFDO� SURSHUWLHV� DQG� HVWLPDWH� WKH�

EDQG�JDS�(J�RI�WKH�SUHSDUHG�VDPSOH�DV�VKRZQ�

LQ�)LJXUH����$V�VHHQ�IURP�WKH�)LJXUH����WKHUH�LV�

a�signi¿cant�rise�in�strong�light�reÀection�around�
RYHU�����QP�DQG�WKH�PRVW�VXEVWDQWLDO�DEVRUSWLRQ�

DW� DERXW� ���� QP�� ZKLFK� FDQ� EH� DVVLJQHG� WR�

LQWULQVLF�EDQG�JDS�DEVRUSWLRQ��7KH�.�0�IRUPXOD���

KDV�EHHQ�XVHG�WR�HVWLPDWH�WKH�RSWLFDO�DEVRUSWLRQ�

EDQG�JDS�RI�WKH�SUHSDUHG�VDPSOH�DV�VKRZQ�LQ�WKH�

LQVHW�RI� WKH�)LJXUH��7KH�HVWLPDWHG�YDOXH�RI� WKH�

EDQGJDS�(J� LV�DERXW������H9��ZKLFK� LV�VOLJKWO\�

KLJKHU�WKDQ�WKH�EDQG�JDS�YDOXH�RI�EXON�=Q
�
6Q2

�
�

(3.6� eV),� but� it� is� just� under� in� comparison�
ZLWK� WKH� 6Q2

�
� band� gap� (3.7� eV)� reported� by�

D� SUHYLRXV� UHSRUW���� 7KH� WZR�EDQG� JDSV� PD\�

FRUUHVSRQG�WR�����H9�RI�=Q
�
6Q2

�
�DQG�����H9�RI�

6Q2
�
�SKRVSKRU��)XUWKHUPRUH��EDVHG�RQ�WKH�;5'�

HVWLPDWHG� UHVXOW�� WKH� WZR� SKDVHV�� =Q
�
6Q2

�
� DQG�

6Q2
�
��DUH�QHDUO\�LGHQWLFDO�

)LJXUH���LOOXVWUDWHV�WKH�SKRWROXPLQHVFHQFH�

(PL)� spectrum� of� the� Zn
�
6Q2

�
� ±� 6Q2

�
� VDPSOH�

DQQHDOHG� ZLWK� GLIIHUHQW� WHPSHUDWXUH�� XQ�

calcinated�(a);�500�°C�(b);�900�°C�(c);�1000�°C�
(d);� 1100� °C� (e)� and� 1200� °C� (f).� The� spectra�
ZDV� UHFRUGHG� ZLWK� WKH� H[FLWDWLRQ� ZDYHOHQJWK�

���� QP� DW� URRP� WHPSHUDWXUH� E\� 1DQRORJ� ��

+RULED� -RELQ� <YRQ� HTXLSPHQW�� 2YHUDOO�� 3/�

spectra� of� all� samples� anealed� over� 500� °C�

VKRZV� D� EURDG� YLVLEOH� EDQG� IURP� ���� QP� WR�

����QP�DQG�QHDUO\�FRYHUV�WKH�IXOO�YLVLEOH�UDQJH�

EOXH� ±� IDU�UHG� HPLVVLRQ�� +RZHYHU�� WKHUH� DUH�

GLIIHUHQW�LQWHQVLWLHV�DPRQJ�WKHP��,W� LV�REVHUYHG�

WKDW� WKH� 3/� LQWHQVLW\� RI� WKH� VDPSOH� LQFUHDVHV�

ZKHQ� WKH� FDOFLQDWLRQ� WHPSHUDWXUH� LQFUHDVHV��

DQG� WKH�KLJKHVW�LQWHQVLW\�EHORQJV� WR�WKH�VDPSOH�

with� an�annealing� temperature�of�1100�°C� (the�
LQVHW� RI� )LJXUH� ���� 7KLV� UHVXOW� LV� VXLWDEOH� ZLWK�

;5'� DQG� 6(0� UHVXOWV�� ,Q� RUGHU� WR� FOHDU� WKH�

RULJLQ� RI� 3/� SHDNV� HPLVVLRQ�� WKH� EURDGEDQG�

emission� has� been� ¿tted� by� Gaussian� function�
DV� JLYHQ� LQ�)LJXUH��E��ZKLFK� LQGLFDWHV� WKDW� WKH�

PL�spectrum�was�¿tted�into�¿ve�Gaussian�peaks�
ZKHQ� WKH�*DXVVLDQ�ZDV� DSSOLHG��2YHUDOO�� WKHUH�

LV�QR�GLUHFW� UHFRPELQDWLRQ�SURFHVV�RI�D�KROH�LQ�

WKH�YDOHQFH�EDQG�WR�DQ�HOHFWURQ�LQ�WKH�FRQGXFWRU�

band�because�all�¿ve�peaks'�emission�is�smaller�
than�the�band�gap�of�the�prepared�sample�(3.65�
eV).�The�¿rst�peak�is�in�the�blue�region�centered�
DURXQG� ���� QP�� %DVHG� RQ� WKH� FDOFXODWHG� EDQG�

JDS�RI������H9��LW� LV�ZHOO�NQRZQ�IURP�SUHYLRXV�

UHSRUWV������� ������� WKDW� WKH�EDQG� JDS� RI�EXON� 6Q2
�
�

DQG� =Q
�
6Q2

�
� DUH� DURXQG� ����H9� DQG� ���� H9��

UHVSHFWLYHO\�� 6R� WKH� SHDN� HPLVVLRQ� DW� ���� QP�

LV�QRW�GXH� WR�WKH�EDQG�WR�EDQG�JDS�HPLVVLRQ�RI�

QHLWKHU�6Q2
�
�QRU�=Q

�
6Q2

�
�SKRVSKRU��$FFRUGLQJ�

WR�D�IRUPHU�LQYHVWLJDWLRQ������WKH�3/�PHFKDQLVPV�

KDYH�DOZD\V�EHHQ�DVFULEHG�WR�RWKHU�OXPLQHVFHQW�

FHQWHUV�� VXFK�DV�R[\JHQ�YDFDQFLHV�DQG�UHVLGXDO�

VWUDLQ� GXULQJ� WKH� JURZWK� SURFHVV�� +HQFH�� WKLV�

ZRUN�VXSSRUWV�WKDW�WKH�EOXH�LQ�WKH�3/�VSHFWUD�FDQ�

EH� DWWULEXWHG� WR� R[\JHQ� YDFDQF\� GHIHFWV� LQ� WKH�

6Q2
�
��7KH�VHFRQG�EDQG�HPLVVLRQ�FHQWHUHG�DURXQG�

����QP�� 7KLV�SHDN
V� RULJLQ�ZDV�DOVR� GLVFXVVHG�

LQ�)X�HW�DO��UHVHDUFK���DQG�%DUXDK�HW�DO��UHSRUW����

$FFRUGLQJ� WR� WKHP�� WKH� VLPLODU� EURDG� JUHHQ�

HPLVVLRQ�FHQWHUHG�DW�����QP�LQ�=Q
�
6Q2

�
�XQGHU�

;HQRQ� ODPS� H[FLWDWLRQ� ZDV� FDXVHG� E\� R[\JHQ�

YDFDQF\�LQ�=Q
�
6Q2

�
�GXULQJ�WKH�JURZWK�SURFHVV��

0RUHRYHU�� 6PLOMD� HW� DO�� VDLG� WKDW� WKH� ���� QP�

HPLVVLRQ� LQ�=Q2�6Q2
�
� VSHFWUD�ZHUH� WKDW� JUHHQ�

HPLVVLRQ� LPSOLFDWHV� VXUIDFH� GHIHFWV�� DV�ZHOO� DV�

WKH� GHIHFWV� MXVW� EHORZ� WKH� FU\VWDOOLQH� VXUIDFH����

6R� ZH� VXJJHVW� WKDW� WKH� HPLVVLRQ� FHQWHUHG� DW�

����QP�REVHUYHG�LQ�3/�VSHFWUD�UHODWHV�WR�R[\JHQ�



��

48<�1+21�81,9(56,7<
6&,(1&(-2851$/�2)

KWWSV���GRL�RUJ����������TQMV�����������

Quy�Nhon�University�Journal�of�Science,�����,�16(5),������

YDFDQFLHV�LQ�=Q
�
6Q2

�
��1H[W��WKH�WKLUG�SHDN�LV�LQ�

WKH� \HOORZ�RUDQJH� UHJLRQ� FHQWHUHG� DW� ���� QP��

ZKLFK�PD\�DWWULEXWH�WR�6Q2
�
�GHIHFWV�VXFK�DV�=Q�

interstitials� (Z
QL
)� or� oxygen� interstitials� (O

L
����

The�two�¿nal�peaks�are�red�and�far-red,�centered�
DW� ���� QP� DQG� ���� QP�� ZKLFK� KDYH� QRW� EHHQ�

REVHUYHG�DQG�GLVFXVVHG�LQ�SUHYLRXV�UHSRUWV��:H�

VXJJHVW� WKDW� WKH\�PD\� UHODWH� WR� VXUIDFH�GHIHFWV�

RI�WKH�REWDLQHG�VDPSOH����EXW�WKH�H[DFW�W\SH�DQG�

QXPEHU� RI� GHIHFW� VWDWHV�GHSHQG� RQ� WKH�PHWKRG�

DQG�SDUDPHWHUV�FKDQJLQJ�LQ�WKH�SURFHVV�

5HJDUGLQJ� WKH�RULJLQ�RI�WKH� UHG�HPLVVLRQ�

EDQG�� )X� HW� DO���� DSSURYHG� WKDW� VWRLFKLRPHWU\��

=Q�6Q� SOD\HG� D� UROH� LQ� WKLV� HPLVVLRQ��

)XUWKHUPRUH�� WKH� UHG� HPLVVLRQ� FHQWHUHG� DW� ����

QP�LQ�6Q2
�
�3/�VSHFWUD�UHSRUWHG�E\�6PLOMD�HW�DO����

ZDV� FRQVLGHUHG� UHODWHG� WR� GHHS±OHYHO� GHIHFWV�

ZLWKLQ�WKH�JDS�RI�6Q2
�
��DVVRFLDWHG�ZLWK�R[\JHQ�

YDFDQFLHV�DQG�6Q� LQWHUVWLWLDO� IRUPHG�GXULQJ� WKH�

V\QWKHVLV�SURFHGXUH��7KH�RULJLQ�RI�WKLV�HPLVVLRQ�

LV�VWLOO�XQFOHDU�DQG�QHHGV�DQRWKHU�PHDVXUHPHQW��

1HYHUWKHOHVV��ZH�DJUHH�ZLWK�&KLK�+VLHQ�&KHQJ�

HW�DO����WKDW�WKH�RULJLQ�RI�WKH�LQIUDUHG�����QP�LQ�

KLV� UHVHDUFK� LV� UHODWHG� WR� WKH� WUDQVLWLRQ� VWDWHV�

EHWZHHQ�QHXWUDO�DQG�LRQL]HG�R[\JHQ���,Q�DGGLWLRQ��

IURP�ZKDW�LV�GLVFXVVHG�DERYH�DQG�ZKDW�LV�VKRZQ�

LQ�3/�VSHFWUD��ZH�SURSRVH�D�GLDJUDP�WR�H[SODLQ�

WKH� 3/� PHFKDQLVP� DV� VKRZQ� LQ� )LJXUH� ���:H�

EHOLHYH� GHIHFWV� IRUPHG� GXULQJ� WKH� FDOFLQDWLRQ�

SURFHVV� SOD\� DV� HQHUJ\� VWDWHV� ZLWKLQ� WKH� EDQG�

JDS��+ROH�WUDSV�DUH�VWDWHV�WKDW�H[LW�MXVW�RYHU�WKH�

valance� band� and� ¿ll� holes,� whereas� electron�
WUDSV� DUH�IRUPHG�MXVW�XQGHU�WKH�FRQGXFWRU�EDQG�

and�¿ll�with� electrons.�The�PL�mechanism�can�
EH�SURSRVHG�DV�WKH�IROORZLQJ�H[SODQDWLRQ��)LUVW��

HOHFWURQV�IURP�WKH�YDODQFH�EDQG�DEVRUE�H[FLWHG�

HQHUJ\�DV�ODUJH�DV�EDQG�JDS�HQHUJ\�DQG�PRYH�WR�

WKH�FRQGXFWRU�EDQG�WR�EHFRPH�H[FLWHG�HOHFWURQV��

%HFDXVH� WKH� HOHFWURQ� WUDSV� DUH� MXVW� XQGHU� WKH�

FRQGXFWRU� EDQG�� H[FLWHG� HOHFWURQV� DUH� WUDSSHG�

LQ� HOHFWURQ� WUDSV� HDVLO\� ZLWKRXW� OLJKW�HPLWWLQJ��

$IWHU�WKDW��WKHVH�HOHFWURQV�UHOHDVH�WR�ORZHU�HQHUJ\�

VWDWHV� DQG� GHSHQG� RQ� WKH� JDS� EHWZHHQ� WKH� WZR�

VWDWHV�WKDW�HPLW�EOXH��JUHHQ��UHG��RU�LQIUDUHG���

Figure�4.�3/�VSHFWUD�RI�WKH�=Q
�
6Q2

��
±�6Q2

�
�phosphor�annealed�at�different�calcination�temperatures�(a)�and�PL�of�

the�sample�annealed�at�1100�°C�¿tted�by�Gaussian�peak�(b).�The�inset�of�the�Figure�a�is�the�relative�intensity�of�the�
=Q

�
6Q2

��
±�6Q2

�
�SKRVSKRU�DQQHDOHG�DW�GLIIHUHQW�FDOFLQDWLRQ�WHPSHUDWXUHV�
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Figure� 5.� 3URSRVHG� HQHUJ\� EDQG� GLDJUDP� IRU�
H[SDOLQDWLRQ� 3/� PDFKDQLVP� RI� =Q

�
6Q2

�
� ±� 6Q2

�
�

VDPSOH�VKRZLQJ�WKH�GHIHFW�VWDWHV�DQG�WKH�WUDQVLWLRQV�

EHWZHHQ�WKH�VWDWHV�

3.4.� Electroluminescence� properties� of�
=Q�SnO4�–�SnO��micro�composite

,Q� RUGHU� WR� H[SORUH� WKH� SRWHQWLDO�DSSOLFDWLRQ�RI�

=Q
�
6Q2

�
� ±�6Q2

�
� powder� annealed� at� 1100� °C,�

ZKLWH� HPLVVLRQ� /('� LV� DVVHPEOHG� E\� FRDWLQJ�

��PJ�RI�=Q
�
6Q2

�
�±�6Q2

�
�SKRVSKRU�RQ�DQ�/('�

FKLS� ���� QP� E\� WKH� L�'5� 6���$� 'HVNWRS�

'LVSHQVLQJ�V\VWHP��7KH�LPDJH�RI�WKH�ZKLWH�/('�

GHYLFH� XQGHUGULYH� FXUUHQW� RI� ������� $� DQG� D�

YROWDJH� RI� ������9�GXULQJ� WKH� SURFHVV�� DQG� LWV�

&,(� FKURPDWLFLW\� FRRUGLQDWLRQ� LV� GLVSOD\HG� LQ�

)LJXUH����7KH�=Q
�
6Q2

�
�±�6Q2

�
�SRZGHU�DQQHDOHG�

at�1100�°C�was�covered�on.�The�device�was�then�
LQWURGXFHG� LQWR�DQ�LQWHJUDWLQJ�VSKHUH�V\VWHP�WR�

FDOFXODWH� SDUDPHWHUV� UHODWHG� WR� WKH� TXDOLW\� RI�

:/('�DV�VKRZQ�LQ�7DEOH����)LJXUH���GHPRQVWDWHV�

WKDW� WKH� &,(� FRRUGLQDWHV� DQG� &5,� RI� :KLWH�

LED�are�(0.3755;�0.4173)�and�95,�respectively,�
ZKLFK�DUH�YHU\�FORVH�WR�QDWXUDO�OLJKW��7KH�FRORXU�

WHPSHUDWXUH�LV������.��ZKLFK�LV�HQHUJL]LQJ�DQG�

most� closely� mimics� natural� daylight;� it� helps�
ZLWK� WDVNV� UHTXLULQJ� IRFXVHG� DWWHQWLRQ�� VXFK� DV�

UHDGLQJ��FRPSXWHU�ZRUN��FDUSHQWU\��DQG�GUDZLQJ��

7KHVH�UHVXOWV�GHPRQVWUDWH�WKDW�=Q
�
6Q2

�
�±�6Q2

�
�

PLFUR� FRPSRVLWH� SKRVSKRU� VKRZV� D� SRWHQWLDO�

DSSOLFDWLRQ�LQ�SURGXFLQJ�KLJK�ERWK�&5,�DQG�/(5�

:KLWH�/('�

Table� 1.� The�WLED� parameters� (D
XY
;� Correlated� colour� temperature� (CCT);� Colour� rendering� index� (CRI);�

Luminous�ef¿cacy�of�radiation�(LER);�R
�
�and�CIE�coordinates(x,y))�of�LED�covered�phosphor.

6DPSOH /('�SDUDPHWHUV

'
XY

&&7

(K)
&5,

/(5

(lm/W)
5

�
[ \

=Q
�
6Q2

�
�±�6Q2

�
������ ���� �� �� �� ������ ������

Figure�6.�CIE�2015-10°�xy�color�chromaticity�coordinates�of�the�spectral�emission�from�UV�LED�chip�coated�by�
SUHSDUHG�SKRVSKRU��7KH�LQVHWV�LV�WKH�HOHFWUROXPLQHVFHQFH�VSHFWUXP�DQG�WKH�LPDJH�FDSWXUHG�E\�D�GLJLWDO�FDPHUD�RI�

WKH�ZKLWH�HPLWWLQJ�/('�
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��� .��$��2PDU��%��,��0HHQD��DQG�6��$��0XKDPPHG��

6WXG\�RQ�WKH�DFWLYLW\�RI�=Q2�6Q2
�
�QDQRFRPSRVLWH�

DJDLQVW� EDFWHULD� DQG� IXQJL�� Physicochemical�
Problems� of�Mineral� Processing�� ������ ��(2),�
���±����

��� 9�� .X]KDORVDL�� %�� 6XEDVK�� $�� 6HQWKLOUDMD�� 3��

'KDWVKDQDPXUWKL�� DQG� 0�� 6KDQWKL�� 6\QWKHVLV��

FKDUDFWHUL]DWLRQ� DQG� SKRWRFDWDO\WLF� SURSHUWLHV�

RI� 6Q2
�
-ZnO� composite� under� UV-A� light,�

Spectrochimica� Acta� Part� A:� Molecular� and�
Biomolecular� Spectroscopy�� ������ 115�� ���±
����

��� .��6DJDU��&��.XWW\NULVKQDQ��DQG�-��%��0RKDPPHG��

+\GURWKHUPDO� JURZWK�RI�=Q
�
6Q2

�
��(X� ��&D� IRU�

UHG� HPLVVLRQ�� Journal� of� Luminescence�� ������
�������������

��� 6�� 'LQHVK�� 6�� %DUDWKDQ�� 9�� .�� 3UHPNXPDU�� *��

6LYDNXPDU�� DQG� 1�� $QDQGDQ�� +\GURWKHUPDO�

synthesis� of� zinc� stannate� (Zn
�
6Q2

�
��

QDQRSDUWLFOHV� DQG� LWV� DSSOLFDWLRQ� WRZDUGV�

SKRWRFDWDO\WLF�DQG�DQWLEDFWHULDO�DFWLYLW\��Journal�
of�Materials�Science:�Materials� in�Electronics��
������27(9),�9668–9675.

��� 4�� 5�� +X�� 6\QWKHVLV� DQG� SKRWROXPLQHVFHQFH�

RI� =Q
�
6Q2

�
� QDQRZLUHV�� Journal� of� Alloys� and�

Compounds,�������484(1–2),�25–27.

��� 4�� /L�� 3UHSDUDWLRQ� RI� =Q
�
6Q2

�
�6Q2

�
�� 0Q

�
2

�
�

PLFURER[� FRPSRVLWH� PDWHULDOV� ZLWK� HQKDQFHG�

OLWKLXP�VWRUDJH� SURSHUWLHV�� �ChemElectroChem��
������4(6),�1334–1340�

���� /��0D��6��<��0D��+��.DQJ��;��)��6KHQ��7��7��:DQJ��

;��+��-LDQJ��4��&KHQ.�3UHSDUDWLRQ�RI�$J�GRSHG�
=Q2�6Q2

�
�hollow�nano¿bers�with�an�enhanced�

HWKDQRO�VHQVLQJ�SHUIRUPDQFH�E\�HOHFWURVSLQQLQJ��

Materials�Letters��������209�����±����

���� /�� &�� 1HKUX� DQG� &�� 6DQMHHYLUDMD�� 3URFHVVLQJ�

5HVHDUFK� &RQWUROODEOH� JURZWK� RI� =Q
�
6Q2

�
��

QDQRVWUXFWXUHV� E\� XUHD� DVVLVWHG� PLFURZDYH�

DVVLVWHG� VROXWLRQ� FRPEXVWLRQ� SURFHVV��

ChemElectroChem,��������14(5),�606–609.

12.� L.� Manzato,� D.� M.� Trichês,� S.� Michielon� de�
Souza,�and�M.�Falcão�de�Oliveira.�Synthesis�of�
QDQRVWUXFWXUHG� 6Q2� DQG� 6Q2

�
� E\� KLJK�HQHUJ\�

PLOOLQJ�RI�6Q�SRZGHU�ZLWK�VWHDULF�DFLG��Journal�
of�Materials�Research��������29(1),�84–89.

4.�CONCLUSION

7KH� =Q
�
6Q2

�
� ±� 6Q2

�
� PLFUR� FRPSRVLWH� ZDV�

SURGXFHG� VXFFHVVIXOO\� E\� VROLG�VWDWH� UHDFWLRQ�

followed� by� calcination� at� 1100� °C� in� air.�The�
FU\VWDOOLQH� VWUXFWXUH� RI� VDPSOHV� ZDV� PL[HG�

RI� WKH� FXELF� SKDVH� =Q
�
6Q2

�
� (JCPDS� card� no.��

00-024-1470,�space�group�Fd-3m�(227)�and�cell�
SDUDPHWHUV�D� �E� �F �������c��DQG�7HWUDJRQDO�

SKDVH� 6Q2
�
� (JCPDS� card� no.� 00-021-1250,�

space� group� P42/mm� (136)� and� cell� constants��
D� �E� �������c�DQG�F� �������c��3/�VSHFWUD�RI�DOO�

VDPSOHV�VKRZ�D�EURDG�YLVLEOH�EDQG�IURP�����WR�

����QP��QHDUO\�FRYHULQJ�WKH�IXOO�YLVLEOH�UDQJH�RI�

EOXH±IDU±UHG�HPLVVLRQ�ZLWK�SHDNV�DW�DURXQG������

����� ����� ����� DQG� ���� QP��$� 3/�PHFKDQLVP�

GLDJUDP� KDV� EHHQ� SURSRVHG� WR� H[SODLQ� WKH�

HPLVVLRQ
V�RULJLQ��7KH�/('�FKLS�����ZDV�XVHG�WR�

FRYHU� REWDLQHG�SKRVSKRU��JHWWLQJ�D�ZKLWH�/('��

7KH� &,(� FRRUGLQDWHV� DQG� &5,� RI� :KLWH� /('�

are�(0.3755:0.4173)�and�95,�respectively.�These�
UHVXOWV�GHPRQVWUDWH�WKDW�=Q

�
6Q2

�
�±�6Q2

�
�PLFUR�

FRPSRVLWH�SKRVSKRU�LV�SRWHQWLDOO\�DSSOLFDEOH�LQ�

SURGXFLQJ�KLJK�&5,�:KLWH�/('��
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