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TOM TAT

Bét Ruby (a-AlL,Os: Cr¥") durpc ché tao bang phwong phép né o nhiét d thép, thoi gian ngdn.
Két quad khao sat gian dé nhiéu xa tia X cho thdy vt liéu ché tao cé cau tric don pha a-Al,04
(corundum). Phé phdt quang, phé hdp thu V& phé kich thich phat quang chi ra rang sw phdt
Quang ciia bot ruby do chuyén doi dién tir ciia cau hinh 3d° cia ion Cr** trong mang. Viéc xdc
dinh cdc thong sé trieong tinh thé va sir dung gian @6 ning leong Tanabe-Sugano véi cdu hinh

3d® ¢6 thé gidi thich ddc trung quang phé ciia bjt ruby.

Tir khéa: ruby, corundum, phicong phép né, thong sé truweong tinh thé.

1. MO PAU

Tinh thé ruby ty nhién c6 cau tric o-Al,O3 (corundum) chira tap chat ion cr, day la
loai d4 quy mau d6 dung 1am trang sirc, c6 gia tri cao. Tinh thé ruby nhan tao duoc ché tao bang
phuong phép nudi don tinh thé dung dé ché tao laser ruby va ciing ché tic ding lam trang sirc
[1]. Hon nita, ruby c6 d6 cimg cao, chi kém do cimg cta kim cwong, vi thé tinh thé ruby con
dugc sir dung 1am vat liéu chong mai mon trong cong nghiép va bot ruby ding lam bot mai.
Gan day, bot ruby con ding lam kem va son méi cho phu nit do mau sic hap dan cia loai bot
nay.

Do d6, viéc ché tao bot ruby ¢ y nghia quan trong khong nhiing vé cong nghé ma con
6 nhiéu tmg dung trong thyc tién. Co nhiéu phuong phap ché tao bot ruby nhu phwong phap
phan tng pha rin, phuong phap sol-gel, phuong phap dong két tua,... [2, 3, 4] nhung cic
phwong phap nay déu thuc hién véi nhiét do nung  rat cao (> 1300 °C), trong khoang thoi gian

dai (vai chuc gio), dic biét tiéu ton dién ning cao.

Gan day, phuong phap nd dang dugc quan tdm nghién ciru trong viéc ché tao vat liu
[5, 6]. Trong bao c4o nay, bot ruby ché tao bang phuong phap nd. Phuong phap nay c6 nhidu vu
diém: cong nghé don gian, nhiét do phan ung thip, thoi gian ngan va tiét kiém nang lugng dién.
Bt ruby ché tao dugc c6 ciu trac don pha, phat quang mau do, phd birc xa co cuc dai & 694,3
nm dic trung cho chuyén doi cia ion Cr®* trong mang. Tir cac két qua ctia phd hap thu va phd
kich thich cho phép xac dinh céc thong sé truong tinh thé. Stir dung gian do ning lugng Tanabe-
sugano voi cau hinh 3d° giai thich dic trung quang pho cia bot ruby di ché tao
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II. THU'C NGHIEM

Vit liéu dang bot « -Al,O; pha tap ion Cr® (0,6%mol) dugc ché tao tir cac nguyén liéu:
AI(NO;)3.9H,0, Cr(NOs)3.6H,0. Cac mudi kim loai nay dugc hoa tan vao nudc cat hai lan dé
thu dugc dung dich c6 néng do thich hop. Pau tién, cac mudi nitrat kim loai dugc pha tron véi
nhau theo ti 1€ hop thuec, chét chay B,0; dugc thém vao cung nhién liéu uré. Uré dugc st dung
nhu chat chay. Phan tmg n6 véi cac diéu kién ti wu di khao sat: nhiét do nd 520 °C, khéi lwong
B,O; 12 4 % khoi lugng san phfim va ham lugng uré 1a 7 14n mol san phém.

Gian d6 nhiéu xa tia X thyc hién boi nhiu xa ké Bruker D8-Advance, phd phat quang
va pho kich thich phéat quang thuc hién bang pho ké huynh quang FL3-22 ciia Horiba va ph
hép thu thue hién trén phd k& 10S UV-Vis ciia My, bot ruby duoc tron véi KBr theo ti 16 khdi
luwgng 5/100 va nén thanh vién dang dia tron.

III. KET QUA VA THAO LUAN
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Hinh 1. Gian dd XRD cua cac miu « -Al,O5: Crt

Két qua khao sat gian do nhidu xa tia X ctia bot o -Al,O3: Cr** chi ra trén hinh Z!). Mau
déu c6 cé'ug trac don pha o -Al,O; cau triic luc gidc c6 cac thong sé mang: a=b = 4,758 A vac
=12,992A , o.=p=90°vay =120
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Hinh 2. Phd phat quang ciia mau Al,O3: Cr**

Phé phat quang cua vat lidu Al,O5: Cr¥* kich thich bai bic xa 365 nm, trinh bay & hinh
2. Pho phat quang cta vat liéu nay co dang cac vach hep, ing véi cac budc song 692,9 nm va
694,3 nm tuong tng véi vach R; va R, va xuét hién thém cac dinh c6 cuong do bé véi cuc dai &
budc song 701 nm va 704 nm. Day chinh 1a cac vach N; va N,, cac vach nay do céac cap va dam

Cr¥*- Cr* gay ra.
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Hinh 3. Phd kich thich phéat quang ctua Al,O;: Cr* Hinh 4. Phd hip thu cua Al,O4: Cr®*

vOi Aem = 694 Nm

lon Cr** thudc nhom céc ion kim loai chuyén tiép, co cau hinh dién tir 3d°. Trong cac
truong tinh thé khac nhau ion nay c6 dic trung phat quang khac nhau. Sy phat quang cuia ion
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nay chiu anh huéng truong tinh thé thé hién qua thong sd truong tinh thé Dy, thong s6 Racah B
[7]. Thong sé Dy biéu dién theo don vi ning luong:

4 4
_E(A, > Ty)

D
q 10

Trong do, E(4A2g—>4ng) 1a nang luong cta chuyén doi kich thich 4Agg—>4T2g.

Gi4 tri ctia thong s6 Racah B dugc danh gid tir biéu thirc:
Dg  15(x-8)

B (x*-10x)

Trong do:
X = E(4A’Zg - 4Tlg)_ E(4A29 - 4TZg)
Dq

V6i E(*Agy—"Ty,) 12 nang luong ctia chuyén doi kich thich *Ay—*Tyg,

Két qua thu duogc tir phd kich thich phéat quang ¢ hinh 2 hodc phd hap thu ¢ hinh 4 cho
phép xac dinh thong s truong tinh thé (Dq) cua ion Cr** trong truong tinh thé o-Al,O3 ché tao
la Dg = 1790 cm™ va Dg/B = 2.75. Thong sé Racah B dugc xac dinh 1a B = 651 cm™. Két qua
nay ching to, cac ion Cr** trong tinh thé a-Al,O; chiém & vi tri trong truong tinh thé manh
(Dg/B>2,3) va truong tinh thé xung quanh cac ion Cr** trong bot ruby ché tao 1a khong khac
biét véi tinh thé ruby tu nhién cling nhu tinh thé ruby nhan tao.

Sy hinh thanh qua trinh chuyén doi hap thu va phat quang cua ion Cr®* trong ruby duoc
gii thich nhu trong hinh 5. Trén co s& cua gian d6 Tanabe-Sugano cua céc ion kim loai chuyén
tiép c6 cau hinh 3d® (hinh 5a), cac mirc niang lwgng ctia ion Cr®" trong truong tinh thé bat dién,
chi ra trén hinh 5b. QUa trinh hip thy burc xa xay ra tng véi cac chuyén doi dién tir tir trang thai
co ban *A, dén cac trang thai kich thich T, T, (4F), *T, (“P) hinh thanh cac dai rong mg voi
céc cuc dai & bude song 560 nm, 415 nm va 254 nm, twong tng. Cac vach hep c6 cudng do yéu
& bude song 475 nm va 658 nm ung v6i chuyén doi *A, dén *T,; va chuyén doi hip thy vach
hep khong phonon tir *A, dén “E c6 budc song 694 nm. Sau do, cac dién tir hoi phuc khong birc
xa vé trang thai kich thich thap °E va dich chuyén vé trang thai co ban Ay, phét ra blrc xa mau
do, tmg véi budc song 694,3 nm va 692,9 nm (vach R; va Ry) dic trung cho ion Cr** trong

mang nén « -Al,Os.
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Hinh 5. Gian d Tanabe-Sugano v6i cdu hinh 3d° (a),
cac dich chuyén hip thy, khong buc xa va birc xa cua ion Cr¥'trong bot ruby (b)

IV. KET LUAN

Bot ruby (a-Al,O5: Cr**) ¢6 céu trac don pha, pha luc gidc di duge ché tao thanh cong
bang phuong phap nd dung dich uré-nitrat. Su phat quang cua ion Cr** trong mang a-Al,O5 xuit
hién cac vach hep R; va R, do chuyén doi tir trang thai °E dén A, duoc giai thich bang gian dd
nang luong Tanabe-Sugano Ung voi Dy/B = 2,75 cla ciu hinh dién tir d® lon Cr®* trong mang
thay thé ion AI** & vi tri tm bat dién twong tng v6i trudng tinh thé manh.
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ABSTRACT

Ruby powder (a-Al,O5: Cr**) was synthesized by urea-nitrate solution combustion method
with optimal conditions. The studies of X-ray diffraction, photoluminescence were
presented. The results showed that the crystalline structure of ruby powder has single
hexagonal phase structure (a-Al,O3), emission of ruby has narrow lines with maximum at
694.3 nm and 692.9 nm characterized by the transition of electronic configuration 3d° of
ion Cr** in the lattice. The spectroscopy characteristics of ruby powder can be explained by
the Tanabe-Sugano energy diagram with 3d® electronic configuration.

Keywords: combustion method, corundum, crystal field parameters, ruby.
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