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TIlE FIRST ItETERON UCLEAR TERBIURI-Z1NC CRYPTATE -AN 

ELECTROSYIUY RlASS SPECTROMETRIC INVESTlGATIOIV 

Key words Heteronuclear Cryptate, Electrospray Mass Spectra (ESNS), Terbiuni(Tb), 

Zinc (Zn) 

ABSTRACT 

Electrospray iiiass spcctroiiieti-y (EShlS) is drsci-ibed for  Iirteroiiiiclear terbiuni- 

zinc cryptate derived fi-om tris(2-a1iiinoetli~l)amine (tren) a i d  2.6-difoi-myI-3-t-Butyl- 

phenol. The niass spectral data were compared with those of corresponded 

mononuclear terbium cryptate to verify the co-existence of zinc in the cryptate through 

isotope distribution calculation This is the first heteronuclear cryptate studied h y  using 

ESMS 
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1034 FENG ET AL. 

1 NTRO D U CTI ON 

Electrospray mass spectrometry (ESMS) is a valuable means for studying solution 

species, since it allows pre-existing ions to be transferred to the gas phase with minimal 

fragmentation I Applications to a number of inorganic and organoinetallic systems 

have demonstrated the versatility of the technique ','. The generally recognized view is 

that the detected ions are pre-formed in solution and electrospray simply transfers them 

from the solution to the gas phase J . 5 .  Hence qualitative agreement should be expected 

between the species pi-esent iri solution and those found in EShlS experiment. hlore 

recently, EShlS has been used to probe the behaviors of sevei-al cryptates in solution 6,7. 

We synthesized lie t e r o n ti c I e a r t e i-b i ti in-zi n c coin p I ex by reaction of zinc 

acetate with in o n o n ti cl ear t e I-b i ti in crypt ate derived fro iii t ri s( 2-aini noet hyl)amine 

(tren) and 2,6-diformyI-l-t-Bt1t~l-plienoI (FIG 1 ) Elemental analyses, molar 

conductivity and IR spectr-a show that the chenrical for-rnula of the complex cation is 

[TbZn(HL)(O.k)]'+, \vhic!i is the first heteronuclear lanthanide-zinc cryptate 

IIere we report EShlS itivestigations of the complex and the cori-espontling 

mononuclear cryptate [Tb(€iL)(N03)(H30)]' in methanol. To verify the co-existence of 

zinc in the cryptate, theoretical isotope distribiition was calculated and coinpared with 

that obtained by EShlS. The ES-induced fragment inechanism \vas also discussed. To 

our knowledge, this is the first iietei-onticlear cryptate studied by using EShIS 

E S P  E R I R 1 E NThL 

The syitliesis of the Iieteroiiticlcar tei-biuni-zinc cryptate n-ill be reported elsenhere. 

Positive electrospray mass spectra (EShIS) were obtained with a Finnigan LCQ mass 

spectrograph using a methanol mobile phase. Scanning was performed from n i  /Z 200 

to 1200. Sample solutions were introd~iced into the mass spectrometer source with a 

syringe in constaiit volume ( I  111). Saniples for EShlS were prepared by dissolving the 

cryptate in methanol to archive the concentration of about 0.1 ininol din . The 

-4 3 , -1 diluted solutions were electrosprayed at a flow rate of 2 x 10 dm rnin . The needle 

voltage, teinperatui-e of heated capillary, flow rate of sheath gas. flow rate of auxiliary 
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HETERONUCLEAR TERBIUM--ZINC CRYPT ATE 1035 

FIG 1 Chemical formula of ~ T b Z n ( H L ) (  OAc)]' 

gas and offset of tube lens are 5 0 k i ' >  300 "C, 50 29 ai-b, 10 99 ai-h arid * 20 00 V. 

respectidy. 

Peaks \?ere assigned from the 111 i Z \,slues and fi-om the isotope distribution 

patterns nl>,ich \\ere simulated on PC 5SG using a modified prograin of Lee In  ilie 

following discussion, tlie n i a s  sptxtral jiatlerns ale identified bb, the 111 Z d u e s  oftlie 

most abundant  peak i n  the isotope disti-ibution 

-__ RESULTS AND DISCUSSION 

The nuclear composition of carbon ( "C ,  98 90 4,0, " C .  1.10 ' , b )  and zinc ("Zn, 

48 6 96; "Zn. 77 9 ",a. "Zn, 4 I 0;.  "'Zn, 1 S S 0 0 .  '"Zn, 0 6 O;) irestilt i n  distinctive 

isotope signtiires of the species in  inethanol solution of heteronuclear complex 

Positive EShlS is depicted in FIG 2.  FIG 7 is doininated by tlie peak 111 / Z *SO 5 

which i s  due to coniples ion LTb(H2L)]" The peak at IN / 2 l O S l  5 is due to 

[ T bZ n L ( 0 Ac ) ] T h e c 11 e in i c a I fo r in ti I a o f [ T bZ 11 L ( 0 tl c ) ] i  s C (, FIG (, N 0 Z n T b 

and the theoretical isotope distribution is shown in FIG 3 with  tlie observed data 

for comparision I t  shows that good agreement between observed and calculated 

data was found for the peaks Both 111 / Z values and calculated isotope distribution 
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FIG. 2. Positive EShlrS of [TbZn(HL)(OAc)]?‘ 
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FIG. 

1081 . S ,  inset. calculated isotope distribution of the heteronuclear cryptate. 

3 Experimental isotope dis t r ibut ion pattern of [TbZn(HL)(OAc)J‘at i n  / Z 
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I IETERONUCLEAR TERBIUM--ZMC CRYPTATE 1037 

FIG 4 Positive EShlS of [ rb(flL)(NO:)(H:O)] 

patterns are i n  ageement with expel-imentnl data. It is ob\ ious that zinc ion has entered 

the inner sphere to fot m heteronuclear conipleu 

The siniplicity of the spectrum is atti-ibuted to the tliertnodynaniic and kinetic 

stability of the cqptates, as  \veil as the low enerz!' of electrospray ionization process 

The other main peaks caii be assigned to new species fot-med by protonation of 

complex cation, loss of acetate ligand, zinc or of t-butyl gioup. No peaks of cryptate 

fragment were observed I t  sliows that the cryptate is rather stable in nietlianol solution 

Positive ESMS of [Tb( t lL ) (N03) (H ,0 ) ] .  is shonx i n  FIG. 4 and the EShIS 

data of the cryptates are listed i n  TABLE I Compared with FIG. 4 ,  FIG.  2 has 

only an additional peak at in / Z 1081.5 due to the formation of  heteronuclear 

complex ion [TbZnL(OAc)] ' .  ESblS da ta  show t h a t  the ES-induced fragment 

pattern of inononuclear cryptate is very s inda r  to tha t  of heteronuclear cryptate. 

I t  implies that the structure of heteronuclear complex has some similarities t o  

that o f  mononuclear cryptate. This is reasonable because the cryptand ligand has 

a three-dimensional skeleton which caii recognize zinc ions and the obtained two 

c o In pl ex e s have so ni e w ti a t s i  in i I a r structures 
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1038 FENG ET AL. 

TABLE I ESRIS data fci the cryptates i n  methanol solutions 

Cryptate Peaks (m/Z) and assignments 

[Tb(HL)(NO?)(H;O)J-  1022.2 [Tb(H2L)(NO;)]‘, 24% 
959 4 [Tb(HL)]‘,  38% 
S I 1  7 [Tb(H;L)(NO:)I2-, 14% 
4S0.5 [Tb(H*L)]’-, IOOOio 

[TbZn(HL)(OAc)]” I08  I 5 [TbZnL(OAc)]’,  109’0 

98 I .5 [ T b ( H L - C ( C ~ r ~ ) ~ ) ( N O j )  + I - fLO]‘ ,  15% 
1021 5 [Tb(H2L)(NO:)]*, 12% 

959.5 [Tb(H>L)]’,  6090 

4SO 5 [ lb(H2L)]” .  10090 
5 10.1 [ l -b ( t i ,L ) (oAc) ]2 ’ .  45Sb 

CONCLlJS ION 

The co-existence of zinc in the heteronuclear ciyptate was confirmed by isotope 

distribu!ion calculation of EShIS data The ciyptates are very stable in solution. The 

ES-induced fragiiient pat te rn  of [‘l‘bZn(HL)(OAc)]” is rather similar to that of 

[Tb(HL)(NO;) (H30)] ’ .  It  implies that the cryptand is able to recognize zinc ion 
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