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NGHIEN CUU SU TAO PHUC PON, PA PHOI TU CUA MOT SO NGUYEN
TO PAT HIEM (Pr, Nd, Sm) VOI L-ALANIN VA AXETYL AXETON TRONG
DUNG DICH BANG PHUONG PHAP CHUAN PO PO pH
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SUMMARY

STUDY ON THE FORMATION OF COMPLEXES BETWEEN Pr, Nd AND Sm
WITH L-ALANIN AND AXETYL AXETON

The stability constant of the mixed ligand complexes and simple ligand complexes
formed between Pré*, Nd**, Sm®" with L-alanin and acetyl acetone were determined by

potentionmetric titration in aqueous solution (25 + 1°C, 1= 0,1). The complexes

following 1:2 proportion have forms of Lnala®*, Ln AcAc®", Ln(AcAc) ;. ,the best

formation of complexes occurs in the range of pH from 6 to 8; following 1:1:1

propotion ; 1:2:1 propotion have forms of

LnAcAcala®, Ln(AcAc).ala, the best

formation of complexes occurs in the range of pH from 7 to 9. The mixed ligand
complexes become much stronger than the simple ligand complexes.
Key words: Complexes, rare earth elements, L-alanine, acetyl acetone.

1. MO PAU

Phirc don, da phdi tir ctia nguyén to dat
hiém (NTPH) véi cac amino axit va
axetyl axeton rat da dang [4,5,6]. D0 bén
ciia cac phirc chat phu thudc vao loai
phdi tir , dang cuia phirc chat tao thanh.
Trong bai bao trudc [3], ching to61 da
nghién ctru sy tao phtc don, da phdi tir
cua dysprosi, honmi véi L- loxin,L-
triptophan, L-histidin va axetyl axeton

trong dung dich bang phwong phap chuan
do do pH. Trong bai b4do nay, chiung toi
trinh bay két qua nghién ciru su tao phirc
don, da phéi tir ciia mot s6 nguyén td (Pr,
Nd, Sm) véi L-alanin va axetyl axeton
trong dung dich bang phuong phap chuin
do do pH.

2. THUC NGHIEM VA KET QUA

2.1. Thiét bj va héa chat

Thiét bi: Cac thi nghiém duoc tién hanh
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trén may pH hang senslON* PH3, c6 do
chinh xac 0,01 don vi pH. Cac phép do
thyc hién trong moi trudng axit.

Hoa chét: Cac dung dich LnClz (Ln: Pr,
Nd, Sm) duoc chuin bi tir cic oxit tuong
ung cua hang Wako ( Nhat Ban) do tinh
khiét 99,99%. L-alanin ctia hing Alam
SIGMA (My). Axetyl axeton cua hang
Merck. Céc hoa chét khac dung trong qua
trinh thi nghiém c6 do tinh khiét PA.

2.2 Nghién ciru s tao phirc don phdi
tir cia Pr¥*, Nd**, Sm®" véi L-alanin va
axetyl axeton

Chuan d6 riéng r& 50ml dung dich L-
alanin(Hala) va axetyl axeton (HACAC)
khi khong va c6 ion Ln**(Ln**:Pr®*, Nd*",
Sm*") 14y theo ti 18 mol Ln*": Hala=1:2 ;
Ln®*:HAcAc=1:2 ndng d6 Ln*" 1a 10°M
bang dung dich KOH 5.10°M & nhiét do
phong (25+1°C), Iyc ion trong céc thi
nghi¢m I= 0,1 (Dung dung dich KCIl 1M

dé diéu chinh luc ion).

Két qua chuan do cho thay trong khoang
a=1+2 (alasd duong luong gam KOH
két hop v6i 1 mol L-alanin hodc 1 mol
axetyl axeton) khi c6 Ln** gia tri pH thap
hon han so véi khi khong c6 Ln®* ching
td cd su tao phuc xay ra. Sy tao phuc tdt
trong khoang pH tir 6+8. Hinh 1 1a két
qua chudn d6 cua hé Hala va cac hé
Ln** : Hala=1:2 bangdung dich KOH
5.10°M ¢ 25 +1°C; 1=0,1
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Hinh 1: Puong cong chudn dé hé Hala va
cac hé Ln®*" : Hala = 1:2 bang dung dich
KOH 5.10%M ¢ 25 + 1°C; 1 =0,1.

Trong do:
1: dwong cong chudn dé hé Hala
2: dwong cong chudn dé hé Pr**: Hala
3:dwong cong chudn do hé Nd**: Hala
4:dwong cong chudn dé hé Sm**: Hala
2.2.1.Véi phdi tir 13 L-alanin phan tng
tao phirc xay ra:
Ln®* +ala” = Lnala®* Koz
Lnala® +ala = Ln(ala); ko
Tuong ty nhu trong bai bao [3] ching t61
chi xac dinh duoc hang s6 bén béac 1 (koy)
cta phirc chét gitra Ln** v6i Hala.
2.2.2. Véi phéi tir 1a axetyl axeton phan
urng tao phirc xay ra:
Ln**+AcAc=LnAcAc** Kio
LnACAC* +AcAC=Ln(ACAC) 5 ko

Dung phan mém Exel dé tinh toan va sau
khi xtr Iy thong ké thu duoc két qua ¢ cac
bang 1,2.



Bang 1. Cdc gid tri pK ciua L-alanin va
axety! axeton ¢ 25+ 1°C, 1= 0,1

Phbi tir pK: | pKz | pKa
L-alanin 257 9,71 |-
Axetyl axeton - - 9,36

Két qua nay phu hop vé6i két qua & céc tai
ligu [1,7].
Bdng 2. Logarit hang sé bén ciia cdc phirc
chat giita P2t NG, Sm** véi L-alanin va
axetyl axeton ¢ 25t 1°C, 1=0,1

Ln®* Prrt [ Nd® | sm®

lgkos 585 |6,12 |6,31
lgk1o 559 |5,78 |6,04
lgkzo 10,31 | 10,38 | 10,41

Két qua & bang 2 cho thay hang s bén
cua cac phire chét cua cac ion Pr¥*, Nd**,
Sm® véi L-alanin va axetyl axeton ting
dan tir Pr** dén Sm*®* hoan toan phu hop
véi qui luat.

2.3. Nghién ciru su tao phirc da phoi tir
gitra Pr¥, Nd*, sm®
axetyl axeton

Chuan d6 50ml dung dich hdn hop Hala,
HAcAc khi khong va c6 ion Ln®*(Ln**:
Pr¥*, Nd**, Sm*") theo céc ti 16 mol Ln** :
HAcAc : Hala=1:1:1; va 1:2:1 véi nong
d6 Ln** 1a 10°M bang dung dich KOH
5.102M & 25+1°C, luc ion trong cac thi
nghiém I=0,1.

L-alanin va

Két qua chuan d¢ cho thiy trong khoang
a=1+2 (alasd duong luong gam KOH
két hop voi 1 mol hdn hop Hala va
HACAC) khi c6 Ln** gia tri pH thdp hon

hén so vé6i khi khong c¢6 Ln®* chung t6 ¢6
su tao phirc xay ra. Sy tao phirc tot trong
khoang pH tir 7+9. Hinh 2 1a két qua
chuan do cta h¢ HAcAC : Hala = 1:1 va
cac hé Ln*": HAcAc: Hala=1:1:1 bang
dung dich KOH 5.10°M ¢ 25 =+
1°C;1=0,1

11,00 -
pH
10,00 A 1
9,00 - 2
P
8,00 - ///41
7,00 - 74
6,00 -
5,00 -
4,00 A

3004 _—

2,00 -

a
1,00 T

(6] 0,5 1 1,5 2

Hinh 2. Puwong cong chudn dg hé
HAcAc:Hala= 1:1 va cac hé Ln**:
HAcAc:Hala= 1:1:1 bang dung dich KOH
5.10°M 625+ 1°C; 1=0,1

Trong do:

1: dwong cong chudn dé hé HAcAc: Hala
2: dwong cong chudn do hé Sm**:
HAcAc: Hala

3: duong cong chudn dé hé Nd**:
HAcAc: Hala

4: duwong cong chudn dé hé Pr*:
HAcAc: Hala

2.3.1.Véi ty 18 mol Ln**:HACcAc: Hala
=1:1:1

Phan tng tao phtrc xay ra:

Ln* +ala = Lnala®* Ko1

Ln®* + AcAc = LnAcAc? k1o
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Lnala®* +AcAc =LnAcAcala” k'™

LnAcAc* +ala  =LnAcAcala® k1
Ap dung dinh luat bao toan néng do dau
va dinh luét bao toan dién tich chdng toi

thu dugc hé 4 phuong trinh sau:

2
C.. =X(—+ +1)+ k., xz

+Kq Xyzt

h
Chacac = y(K_ +1) +kyyz +Kyxyzt  (2)
A
C . =Z2+Ky Xz +ky,yz + Ky xyzt (3)

2

Yy @2-a)C

X(_ + KA Hala

K2 I<1I<2 (4)

+Chacac) —h+ %

Trong d6 Ky, Ky 1a h.':fmg sb phan li cia
Hala, Ka la héng $b phéan li cia HAcAc;
Ko1, Ko 1a héng sb bén cua phuc chit gitra
Ln® va Hala vd HAcAc ;K 1a tich sb
ion cua nudc.
[ala]= x;
[Ln**]=z;

[AcAc]=Y;
k Lrele =t; [H*]=h

Dung phian mém Maplel3 dé giai hé bon
phuong trinh trén vdi cac an sb X,y,Z,t.
Tu gia tri k™ chung t6i tinh hang so
bén téng cong cla phic chit LnAcAcala®
Lnala

theo cong thuc p,, =k, +k;  hay

Lnala

Ig ﬁm =g k01 +Ig 11
toan trinh bay & bang 3.

Két qua tinh

Bdng 3: Logarit hang sé bén ciia cdc phirc
LnAcAcala® ¢ 25+1°C, 1=0,1
Ln* [ P | Nd* | sm¥

lg B, | 11,10 10,87 10,55
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2.3.2. Véi ti 1¢ mol Ln®* : HACAC: Hala
=1:2:1

Phan g tao phuc x4y ra:

Ln** +ala’ = Lnala** Koz
Ln** + AcAc = LnAcAc* Kio

LnAcAc* +ala =Ln(AcAc),  kao
LnACAC”™ +ala =LnAcAcala® ki
Lnala®* +AcAc” =LnAcAcala” k@
Ln(AcAc) ; +ala’ = Ln(AcAc)ala k3 "%
LnAcAcala®™+AcAc = Ln(AcAc).ala ke

21
Thiét 1ap phuong trinh va tinh hing sd
bén cua cac phirc twong ty nhu phtic chat
LnAcAcala’ chung t6i thu dugc két qua ¢
bang 4.

Bdng 4. Logarit hang sé bén cuia cdc phirc
Ln(AcAc).ala ¢ 25+ 1°C, 1=0,1
Ln** [P [ Nd** | sSm*
lgB,, | 16,74 | 15,37 | 14,55

Céc két qua & bang 3 va 4 cho thay hang
s6 bén cta cac phirc chit InAcAcala® va
In(AcAc),ala giam dan tir Pr dén Sm diéu
nay phu hop quy luat cua cac phirc da
phéi tir. Két qua & cac bang 2, 3, 4 cho
thdy phtrc da phdi tir bén hon phirc don
phdi tir. Biéu nay c6 thé giai thich do cac
phirc da phdi tir c6 ciu triic phan tor dbi
xtng va c6 sy 6n dinh cua truong phdi tir
[2].

3. KET LUAN

- Pi xé4c dinh duoc hiang sb phén ly cua

L-alanin va axetyl axeton trong diéu kién



thi nghiém & nhiét do phong 25+1°C,
1=0,1

- Pi xé4c dinh duoc hing s6 bén cua cac
phirc don phdi tir tao thanh gitta Pr¥,
Nd**, Sm** v&i L-alanin va axetyl axeton
theo ty 1& mol Ln®*" : Hala = 1:2 va Ln**:
HACAc = 1:2. Cac phirc chit c6 dang
Lnala®* , LnAcAc*" va Ln(AcAc),” su
tao phtic xay ra tét trong khoang pH tir
6+ 8. PO bén cua cac phic chét ting tir
Pr dén Sm

- Pi xac dinh duoc hang s6 bén cua céac
phuc da phéi tur tao thanh gitra Pr* Nd*,
Sm* véi L-alanin va axetyl axeton theo
ti 16 mol Ln** : HAcAc: Hala=1:1:1 va
1:2:1. Cac phirc chat c6 dang tuwong ung
LnAcAcala® va Ln(AcAc)zala. Su tao
phirc xay ra t6t trong khoang pH tir 7 + 9.
Do bén cac phic chat giam tir Pr dén Sm.
- Phtrc da phdi tir bén hon phirc don phdi
tur
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Tap chi phén tich Hoa, Ly va Sinh hoc — Tdp 19, S6 1/2014

TONG HOP VA NGHIEN CUU KHA NANG PHAT QUANG CUA PHUC CHAT
HON HQP PHOI TU SALIXYLAT VA O-PHENANTROLIN VOI MOT SO
NGUYEN TO PAT HIEM NANG

Dén toa soan 15 - 10 - 2013
Nguyén Thi Hién Lan, Nghiém Thi Hwong
Khoa Hoa hoc, truong DH Su Pham — DH Thadi Nguyén

SUMMARY

PREPARATION AND LUMINESCENCE INVESTIGATION OF MIXED
COMPLEXES OF SALICYLAT AND O-PHENANTROLINE WITH SOME HEAVY
RARE-EARTH ELEMENTS

Some mixed complexes of heavy rare-earth ions with salicylic acid and o-
phenantroline with the general formula Ln(HSal);.Phen (Ln: Tb, Er, Yb; Hsal-:
Salicylate; Phen: o-phenantroline) have been prepared. The luminescence properties of
mixed complexes in solid state were investigated by measuring the excitation and

emission spectra, the intramolecular ligand-to-rare earth energy transfer mechanisms
were discussed. The strong luminescence emitting peaks at 405 nm for Er(lll), at 307
nm and 342 nm for Yb(I1l), from 407 nm to 583 nm with four emission bands for Tb (I11)
can be observed, which could be attributed to the ligand has an enhanced effect to the
luminescence intensity of the Tb (111), Er (I11) and Yb (111)..

1. MO DAU

Hoa hoc cac hop chat phdi tri ludén thu
hat dugc sy quan tam nghién ctru cua céac
cac nha khoa hoc trong va ngoai nudc,
dic biét 1a cac hop chét phdi tri co kha
ndng phat huynh quang [1,2]. Khd nang
phat huynh quang cta cic phuc chét
duoc tng dung rong rii trong danh dau

huynh quang sinh y, trong cic dau do
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phat quang cta phan tich sinh hoc va hoa
hoc... [3.4,5]. O viét Nam, viéc nghién
ctru kha nang phat quang cta phirc chat
hdn hop phdi tor salixylat va o-
phenantrolin ciia cac nguyén t6 dat hiém
ning c6 rat it cong trinh dé& cap dén.
Trong cong trinh ndy, ching t6i tién hanh
tong hop va nghién ctru kha ning phat
quang mot s6 phirc chat hdn hop cua



salixylat ~dat hiém véi o
2. THUC NGHIEM

1. Téong hop phirc chit hén hop cia

nang

dit hiém véi axit salixylic va o-
phenantrolin [3]

Tron 1 mmol LnCly (Ln*": Tb*, Er*,
Yb*) v6i 3 mmol NaHSal (Hsal:
salixylat), dun nong & 60°C, pH = 6. Sau
d6 o-phenantrolin di hoa tan trong con
duoc thém dan vao hdn hop, ti 1€ mol cua
o- phenantrolin va Ln** 1a 1:1. Hon hop
dugc dun hdi luu trong binh cau chiu
nhiét day tron trong 1,5 + 2 gio. Dé
ngudi, tinh thé phuc chit tir tir tach ra.
Loc, rira két toa va lam kho cac san pham
trong binh hiit am dén khéi lwong khong
ddi. Hiéu suét téng hop dat 80-85 %. San

phim c¢6 cong thic chung la
Ln(HSal)s.Phen.H,O (Ln**: Tb*, Er*,
Yb®*: HSal: Salixylat; Phen: o-

phenantrolin)

2. Phuong phap nghién ctru

Ham luong dat hiém duoc xac dinh b?lng
phuong phap chuan d6 complexon véi
chét chi thi arsenazo I11.

Ph6 hip thu hong ngoai dwgc ghi trén
may Impact 410 — Nicolet (My), trong
ving 400 + 4000 cm™, k§ thuat ép vién
v6i KBr.

Gian d6 phan tich nhiét dugc ghi trén
may NETZSCH STA 409 PC PG trong
moi truong khi argon, tbc do dbt nong
10°C/phut tir nhiét d6 phong dén 800°C.
Phé khéi luwong dugc ghi trén may
Agilent 6310 Ion Trap, tai phong phan

cosmo-~owo>

phenantrolin.

tich hoéa hoc, Vién Hoéa hoc — Vién KH
va CNVN

Ph6 huynh quang duoc do trén quang
phd k& huynh quang SFS920-
EDINBURGH (Anh) vé1 cuvet thach
anh, tai nhi¢t do phong, thuc hién tai
phong quang phd, Khoa Vit Ly, truong
Pai Hoc Su Pham - Pai Hoc Thai
Nguyén.

3. KET QUA VA THAO LUAN

Ham lugng ion dat hiém trong cac phirc
chat duge xac dinh bang phuong phap
chuan d6 complexon. Két qua cho théy,
ham luwong ion dat hiém trong cac phirc
chat xac dinh duoc bang thyc nghiém
(21,09 %; 21,62%; 22,06% tuong Ung
v6i cac phirc chat hdn hop cua Tb(III),
Er(I), Yb(III)) 14  twong d6i phu hop
véi cong thie gia dinh Ln(HSal)s.Phen
(Ln**: Tb*, Er¥, Yb*; Hsal: Salixylat;
Phen: o-phenantrolin).
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Hinh 1. Phé hdp thu hong ngoai cia
phirc chat Er(HSal)s.Phen.

Phuong phap phan tich nhiét dugc dung

dé nghién ciru d6 bén nhiét cua cac phic
chat. Sy hinh thanh phtrc chat va tinh
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chat lién két trong phtrc chit duoc khang
dinh nhd phuong phap phd hip thu hong
ngoai. Hinh 1, 2, 3 1a phd hap thy hdng
ngoai, gian dd phan tich nhiét va phd
khéi luong cua phuc chét
Er(HSal);.Phen. Hinh 4, 5, va 6 1a phd
huynh quang cta cac phirc chit hdn hop
cia Er(Ill), Yb(II) va Tb(lill) tuwong
ung.
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Hinh 2. Gidn ’dé‘ phdn tich nhiét cia
phire chat Er(HSal)3.Phen.

Trong phd hép thu hdéng ngoai ciia cac
phtic chit hdn hop khong xut hién dai &
viing 3000-3500 cm™,
chat hdn hop t6n tai ¢ trang thai khan.

chung té cac phtrc

Dai ¢6 cuong do manh ¢ vung (1593 +
1595) cm™ dwoc quy cho dao dong hoa
tri bat déi xung ctia nhém C=0, ching
dich chuyén vé ving c6 sb séng thip hon
s0 v6i phd cua HSal tu do (1665 cm™).
Diéu d6 chung t6, trong cac hop chat da
hinh thanh lién két kim loai — phdi tir
(Ln**-0) qua nguyén tir oxi ciia nhom —
COO". Mit khac, trong phd hip thy
hdng ngoai cua cac phuc chat hdn hop
xuét hién cac dai trong vung (1462 —
1466) cm™, cac dai nay dugc quy gan
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cho dao dong hoa tri cua lién két C=N
trong cac phirc chat hdn hop, cac dai
nay déu bi dich chuyén v& ving c6 sb
song thip hon so vé6i vi tri tuong tmg
ctia n6 trong phd ctia Phen tu do (1588
Cm'l). Nhu vy trong phtc chit hdn
hop, su phéi tri cua phéi tir v6i ion dat
hiém Ln*" duogc thyc hién qua nguyén
td oxi cia nhom —-COO™ trong ion
cacboxylat va qua nguyén tir N trong
o-phenantrolin

Trén gian d6 nhiét cta cac phirc chat hon
hop khong xuét hién hiéu ung nhi¢t va
hiéu ung mat khdi luong & vung dudi
226°C, chung té khong cé nudce trong cac
phuc chat. Két qua nay hoan toan phu
hop véi dit kién ctia phd hong ngoai. Cac
hiéu tGng thu nhiét
226+266°C ung v&i qua trinh tach Phen,
cac hiéu ing thu nhiét va téa nhiét con lai
trong khoang 435+500°C tmg véi qué trinh

trong khoang

phan huy va chdy cua Ln(HSal)s;.Phen tao
thanh san pham cudi cing 1a Ln,O; [6].

LC/MS/MS Xovo TQ, APLESI T VBAsls 15:35:08
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Hinh 3. Phé khoi lwong ciia phirc chat
Er(HSal)s.Phen



Trén pho khéi luong cua cic phirc chat
déu xuit hién pic c6 m/z 16n nhit bang
gid tri nay Gng dang vdi cong thirc phan
tr Ln(HSal)s.Phen (Ln*: Tb*, Er**, Yb*;
HSal: salixylat; Phen: o-phenantrolin) ctia
cac phirc chat.

Ghi phd huynh quang cac phirc chit cho
thdy, d6i voi phuc chit hdn hop cua
Er**, khi kich thich biang buc xa t
ngoai & 341 nm, phirc chat phat ra anh
sang tim voi mot dai phat xa duy nhat co
cuc dai & 405 nm (hinh 4). Sy phat xa

nay tuwong Ung v&i  chuyén doi

? H9/z —* I15/2 [7]
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Hinh 4. Phé phat xa hupnh quang ciia phirc
chdt Er(HSal)s.Phen

Dbi véi phic chat hdn hop cua Yb**,
dudi buc xa anh sang tim ¢ 400 nm, phirc
chat nay phat ra hai dai phat xa, mot phat
xa yéu & 307 nm va mot phat xa manh &
342 nm thugc vung tir ngoai (hinh 5).
Pay 1a huynh quang chuyén doi nguoc
cua phirc chit hdn hop cua Yb*.

750, 759 va 765 tuong Uing vdi cac phuc
chat hdn hop cua Tb>*; Er¥* va Yb**. Cac

12000 342

Inersity (&)
g

Hinh 5. Phé phat xa hupnh quang ciia phirc
chdt Yb(HSal);.Phen

Phirc chat hdn hop cua Tb" c6 anh séng
huynh quang ruyc r& nhat. Khi bi kich
thich baoi tia sang cé bude song 346 nm,
ph6 huynh quang cta phirc ¢6 bén cuc
dai 407 nm, 490 nm, 545 nm va 583 nm
(hinh 6a). Cac dai pho nay dugc quy gan
twong tng cho sy chuyén doi Dy - "Fe
(490 nm), °D, - 'Fs (545 nm), D4 - 'F4
(583 nm) [7], trong do, cuc dai phat xa
anh sang mau tim & 407 nm va mau luc &

545 nm c6 cuong do rat manh.
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Hinh 6a. Phé phdt xa huynh quang ciia phirc
chdt Th(HSal)s.Phen kich thich & 346 nm
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Néu kich thich bing buéc song 545 nm,
phte chat hdn hop cua Tb*"  thi phd
huynh quang c6 dang hinh 6b.
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Hinh 6b. Phé phdt xa huynh quang ciia
phike chat Th(HSal)s.Phen

Nhu vay cac phtic chat hdn hop cua
Er(IIT), Yb(III), Tb(III) déu xuit hién
phd huynh quang khi duoc kich thich ¢
vung c¢6 cac budc song tuong ung la
341 nm; 400 nm; 346 va 545 nm.
Huynh quang c6 dugc cua céc phuc
chit 1a do cac tdm phat quang Ln**
nhan duoc niang luong tir ngudn kich
thich thong qua anh hudng rat 16n cia

trudng phdi tir.

4. KET LUAN

1. Pa tong hop dugc ba phtic chit hdn
hop phdi tir ctia Th(IIT), Er(IIT) va Yb(IIT)
voi axit salixylic va o-phenantrolin.

2. Phuong phap phén tich nguyén t6, phd
hap thy hdng ngoai, phan tich nhiét va
phd khdi lwong da xac dinh cac phirc chat

déu & dang khan va ¢ cong thirc chung
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(Ln*": Tb*, Er®,
salixylat;

Ln(HSal)s;.Phen
Yb¥*:  Hsal:
phenantrolin).

Phen: o-

3. Pa nghién ctru phé huynh quang
ctia cac phtrc chit, két qua cho thay
cac phirc chat déu co kha ning phat
huynh quang khi dugc kich thich bdi
cic niang luong phu hop. Phtc chat
cia Er*' phat quang ¢ vung anh sang
tim tai budc song A = 405 nm dudi
kich thich 341 nm. Nguoc lai, phtc
chét cua Yb** phat quang & ving anh
sang tir ngoai tai A = 307 va A = 342
nm dudi kich thich bdi anh séng tim A
= 400 nm. Phtrc chat tecbi salixylat c6

kha niang phat huynh quang rat man}kich thich & 5¢

dudi kich thich tir ngoai ¢ 346 nm,
phtic chit phat ra anh sang lién tiép
trong ving tir tim dén vang cam tuong
ung voi 4 phat xa ¢ 407 nm, 490 nm,
545 nm va 583 nm.
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