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The absence of the paramagnetic contribution in the low-temperature specific heat (C) of Zn-doped 
cuprates has attracted much attention recently. The phenomenon was usually explained as possible screening in 
the superconducting state. We have measured C of La19Sr04Cuo.98Zno.0204 which is not superconducting. 
Intriguingly, The upper limit of the magnetic contribution is found to be two orders of magnitude smaller than 
the expected value with no screening effect. This result puts the above explanation in a serious jeopardy. 

Since the discovery of high-temperature 
superconductors, the effects of cation substitutions 
for Cu have been intensively studied. The Zn +2 ions, 
though nominally non-magnetic, could induce the 
local moments on the neighboring Cu sites when 
they are substituted in the CuO2 planes. These 
induced moments were observed by NMR and 
magnetic experiments [ 1 ]. However, recent specific 
heat (C) studies on Zn-doped YBa2Cu3Ox (YBCO) 
found an intriguing result that there was no 
apparent increase in the magnetic component of C 
associated with magnetic moments with increasing 
Zn doping [ 1 ]. Interestingly, partial screening of the 
moment was also found in susceptibility 
measurements [2]. In spite of no full understanding 
of this absence of the magnetic contribution in C, it 
is usually explained as possible Kondo screening in 
the superconducting state. To shed light on this 
mysterious missing magnetic contribution, the 
specific heat study on non-superconducting 
Zn-doped cuprates is of interest. 

Polycrystalline samples of 
Lal.9Sr0.1Cul.xZnxO4 with x=0 and 0.02 were 
carefully prepared similar to the samples described 
in [4]. The powder x-ray-diffraction patterns of 
both samples used in the experiments show a single 
T phase with no detection of impurity phases. The 
transition temperature Tc is 33 for x=0. The x=0.02 
sample is not superconducting down to 2 K by 
either resistivity or magnetic measurements. C(T) 
was measured with a 3He thermal relaxation 
calorimeter using the heat-pulse technique. The 
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details of C(T) measurements can be found in [3]. 
C/T data of both samples are shown in Fig. 1. 

Both samples show no upturn in C/T at low 
temperatures. For cuprates, only samples with a 
very small paramagnetic center (PC) concentration 
n are free from the upturn in C/T down to such low 
temperatures. For example, with either spin-l/2 or 
spin-2 PC's, the analysis of C in magnetic fields H 
concludes that n is the order of 0.01% mol/mol for 
the x=0 sample [3,4]. Nevertheless, that there is no 
uptum in C/T of the x=0.02 sample is surprising 
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Figure 1. C/T vs. /~ of Lal.9Sr0.1CUl.xZnxO4. The 
dash line is the fit with 2% concentration of the 
paramagnetic centers for x=0.02 data. 
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since each substituted Zn atom in the CuO2 planes 
could at most induce four spin-l/2 local moments 
on the neighboring Cu sites. The dip in C/T of the 
x=0.02 sample is likely due to depression of 
quasiparticle density of states rather than due to the 
magnetic origin [5]. However, in order to estimate 
the upper limit of n of PC's, we have measured C of 
the x=0.02 samples at H=0 and 4 T as shown in Fig. 
2. Assuming that there are spin-l/2 PC's, and that 
the dip and its H dependence are due to the 
Schottky anomaly, the data are fit to 

C(T~H)=~(H)T+]~ 3+OeTS+ nCschott~(T,H+Ho) (1) 

,where ?(H)T is the electronic contribution,/~T3+O'T 
5 are the phonon contribution, the last term is the 
Schottky anomaly, and H0 is the effective field in 
the sample. In order to describe the data in Fig. 2, 
the fits lead to n=0.06% and 0.13%, and/-/0---4.9 and 
2.1 T for H=0 and 4 T, respectively. First of all, 
though the value of H0 is not particularly large, it 
has never been observed in samples with the same 
order of n. Therefore, the dip is unlikely to be 
caused by the Schottky anomaly. Even if it is, n is 
too small compared to the concentration of Zn. To 
demonstrate what 2% of PC's (a conservative value) 
can do to C, the zero field data of x=0.02 are fit 
with n=2% and/-/0--5 T. As shown by the dash line 
in Fig. 1, the fit is catastrophic and leads to an 
unrealistic negative y. As for the alternative that 
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Figure 2. C(T, H) of the x=0.02 sample. The solid 
lines are the results of the fits by equation (1). 
The fits lead to n=0.06 and 0.13 % for H=0 and 4 T. 

four spin-l/2 local moments on the neighboring Cu 
sites could form a composite spin-2 PC's, the same 
analysis would lead to n=0.05 and 0.08% for H=0 
and 4 T, respectively, with about the same H0 as 
mentioned above. We have also measured C(T,H) 
of a superconducting x=0.01 sample with Tc=14 K, 
and applied the same analysis to C(T, H) of this 
sample. The upper limit of n is found to be between 
0.02% and 0.05 %. Thus, the absence of the 
magnetic contribution happens in both the 
superconducting and non-superconducting samples 
in a similar way. Table I summarizes the results 
presented above. 

In conclusion, we have shown that the 
magnetic moments are also overwhelmingly 
screened in C measurements in 
non-superconducting Lal 9Sr0.1CuogsZno0204. These 
results call for mechanisms other than screening in 
the superconducting state to explain the absence of 
the magnetic contribution in C for Zn-doped 
cuprates. 
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I H=0 H=4 T 
x=0.01 n=0.02% n--0.05% 
x=0.02 n=0.06% n---0.13% 

Table I. Estimates of the paramagnetic center 
concentration n from equation (1) for 
LaL 9Sro.1CUl.xZnx04. 


