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2.2 Stacking Disorder in the System (CaFeAs)10PtzAs8 

     

2.2.1 Introduction 

Diffuse intensities at odd Bragg intensities in X-ray scattering experiments originate from 

broken three-dimensional translation symmetry in a crystal. This lack of atomic long range 

order can occur as site, one, two, or three-dimensional disorder, whereby the latter corres-

ponds to glasses and amorphous compounds. One dimensional or stacking disorder, can be 

found in a variety of layered compounds such as silicates or halogenides with CdI2- and BiI3-

type structures. Thereby faults in their stacking sequence are caused by different possible 

layer arrangements. The influence of stacking disorder on the X-ray diffraction pattern 

strongly depends on the frequency of these faults. Rare occurrences (~10-5) yield polysyn-

thetic twins, whereas more frequent faults cause reflection broadening. Domain sizes below 

the range of X-ray radiation coherence length result in diffuse scattering contributions along 

the stacking direction often accompanied with additional intensity maxima. Finally vast inten-

sity distributions without reasonable maxima are found for complete arbitrarily stacked struc-

tures. For structure determination relying on focused Bragg reflections, the effects of disorder 

can be disastrous. Since an accurate measurement of separated hkl intensities is not possible 

for those systems, conventional structure determination often results in average structure 

models. Nevertheless a detailed insight into such structures and their local order can still be 

gained by an empirical evaluation of diffraction data as was shown for Sr0.5Ba0.5Si2O2N2
[1] for 

example.  

Discovering superconductivity in the Ca–Fe–Pt–As system, especially the structure determi-

nation of the corresponding 1048 compounds revealed to be unexpectedly problematic. Strong 

reflections accompanied with diffuse contributions were found for all crystals, complicating 

the development of a structure model. Nevertheless the structures of the tetragonal α- and the 
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particular polymorphs was not possible. The presence of diffuse superstructure reflections 

accompanied by sharp subcell reflections even in high resolution powder data obtained from 

synchrotron beam line ID31 at ESRF, Grenoble, substantiates the model of stacking disorder 

in the 1048 system, rather than a mixture of different distinct polymorphs. 

2.2.5 Theoretical Considerations 

The 1048 structures consist of an alternating stacking of the two metal pnictide layers CaFeAs 

and Pt4As8. Assuming statistical stacking of these layers, the three-dimensional periodicity of 

the 1048 structures is broken and a structure description using space group systematic fails. 

However, within the layers two-dimensional translation symmetry is retained which allows 

for the application of layer symmetry.[15] Both metal pnictide layers feature tetragonal layer 

symmetry. The CaFeAs subcell shows p4mm (# 11) layer symmetry whereas p4 (# 10) was 

found for the Pt4As8 layer. 

Analyzing the stacking of CaFeAs  and Pt4As8 sheets, the Ca and Pt sites are relevant in such 

way that a deflected Pt must always be arranged in c* direction above a Ca site. Neighboring 

Ca sheets are shifted by (0.3, 0.1, 0) at every FeAs layer with respect to the supercell, and 

(0.3, 0.1, 0) at every Pt4As8 layer. Taking into account all combination of both shifts together 

with previously determined tetragonal layer symmetry five possible arrangements of neigh-

boring Pt4As8 layers can be realized: A(0, 0, 0), B0(0.2, 0.4, 0), B90(0.4, -0.2, 0), B180(-0.2,  

-0.4, 0), and B270(-0.4, 0.2, 0) (Figure 2). It is noteworthy that the Bx shift corresponds to the 

translation symmetry of the CaFeAs subcell. Therefore neighboring FeAs layers reveal no 

shift, resulting in a tetrahedra layer arrangement as found in PbFCl-type structures for all A, 

Bx. Among this set of shifts (A, Bx) only A features a coincidence of fourfold rotation axes of 

the layers, whereas all other stacking possibilities break this symmetry in the superstructure. 

In the context of this systematic the three polymorphs experimentally found can be under-

stood as mere A-stacking (α-1048), mere Bx-stacking (β-1048), and alternated B0/B180- or 

B90/B270-stacking (γ-1048), respectively (Figure 2). Thereby the ubiquitous presence of twin 

domains found in the majority of 1048 crystals can be traced back to broken fourfold and two-

fold rotation axes of the CaFeAs subsystem in the space group symmetry of the super-

structure. 
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Figure 2. Schematic illustration of the three polymorphs identified based on the layer translation vectors 
A and Bx (left). Origin of the five layer translation vectors A, B0, B90, B180, and B270 (right). 

2.2.6 DIFFaX Simulations 

Applying the previously developed disorder model to the 1048 structure allows for a more 

detailed understanding of the diffraction data. Figure 3 compares high-resolution X-ray 

powder data and a DIFFaX simulation based on a partly disordered stacking model. Sharp 

reflections as well as anisotropic broadened reflections affected by disorder are well 

described. Minor differences in intensity can be ascribed to Fe/Pt mixing and Pt deficiency 

which was not refined for this purpose. 

 
Figure 3. High-resolution powder X-ray diffractogram of (CaFeAs)10Pt4As8 (black) and DIFFaX 
simulation of 1048 structure based on a partly disordered stacking model (red). 
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Figure 1. Mössbauer spectra illustrating spectrum change over full range (left) and paramagnetic range 
(right). 

 
Figure 2. Magnetic fraction and Gauss broadening (left) as well as hyperfine field (right) derived from 
Mössbauer measurements. Black and red lines are guides to the eye. Magnetic fraction data was combined 
from full range (squares) and paramagnetic range (triangles) measurements. 

Evidence for the existence of nematic fluctuations and ordering above TN is already reported 

for several iron pnictide compounds.[19] The transition temperature to the nematic phase in 

(CaFeAs)10Pt3As8 was determined to Tnem = 245(10) K. Figure 2 shows the development of 

the magnetic fraction already before the formation of the antiferromagnetic state. Previously 

discussed μSR measurements on parent (CaFeAs)10Pt3As8 gave no indication of magnetic 

fractions above ~140 K, but also revealed a gradual onset of magnetism just before TN. This 

divergence of results from both measurements could be rationalized by the different time-

scale of μSR (10 μs)[20] and Mössbauer (100 ns)[21], indicating fast nematic fluctuations 

between 140 and 245 K. 

2.4.4 Conclusion 

The magnetic phase transition found in stoichiometric (CaFeAs)10Pt3As8 was confirmed by 

Mössbauer measurements.[1] The transition temperature was determined to TN = 111(4) K 
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with a hyperfine field of Bhyp of 3.9(1) T being smaller than reported for other iron arsenide 

parent compounds. Strong spectral broadening occurred below TN revealing a rather sharp 

magnetic transition. However, minor broadening along with signal anisotropy was also con-

spicuous above TN, giving strong indication for the presence of a nematic phase in 

(CaFeAs)10Pt3As8 similar to the one found in BaFe2As2.[19, 22] This finding renders the 1038 

parent compound an interesting system to study the necessity of magnetic fluctuations for the 

emergence of superconductivity. 
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Abstract 

We report the successful substitution of cobalt, nickel, and copper for iron in the 1038 phase 

parent compound (CaFeAs)10Pt3As8 yielding (CaFe1-xCoxAs)10Pt3As8, (CaFe1-xNixAs)10Pt3As8, 

and (CaFe1-xCuxAs)10Pt3As8, respectively. Superconductivity is induced in Co and Ni  

doped compounds reaching critical temperatures up to 15 K, similar to known Pt  

substituted (CaFe1-xPtxAs)10Pt3As8, whereas no superconductivity was detected in 

(CaFe1-xCuxAs)10Pt3As8. The obtained Tc(x) phase diagrams are very similar to those of other 

iron arsenide superconductors indicating rather universal behavior despite the more complex 

structures of the 1038-type compounds, where the physics is primarily determined by the 

FeAs layer. 

2.5.1 Introduction 

Superconductivity in iron arsenides emerges from antiferromagnetic metallic parent com-

pounds in the course of suppressing the magnetic ordering by chemical doping or pressure,[1–6] 

resulting critical temperatures (Tc) up to 55 K in Sm(O1-xFx)FeAs.[7] Relationships between 

the magneto-structural phase transition and superconductivity in iron arsenides have inten-

sively been studied.[5,8–14] In 2011, the new superconductors (CaFe1-xPtxAs)10Pt3As8 (1038 



New Iron Arsenide Superconductors (CaFeAs)10PtzAs8 

51 

phase, space group P1̄) and polymorphic (CaFeAs)10Pt4As8 (1048 phases, space groups P4/n, 

P21/n, P1̄) with critical temperatures up to 35 K were discovered.[15–17] This new class re-

cently expanded by analogous compounds with iridium (Ir1048)[18] and palladium 

(Pd1038)[19] instead of platinum. Due to the presence of the second metal pnictide layer PtzAs8 

(z = 3, 4) next to FeAs, as well as the low symmetry of these compounds (space group P1̄

 

), 

they were initially considered as rather peculiar representatives of the iron arsenide family. 

However, recent low-temperature X-ray structural data together with μSR spectra[20] as well 

as neutron diffraction[21] revealed a lattice distortion and magnetic phase transition at 120 K, 

proving that (CaFeAs)10Pt3As8 is the parent compound of this branch of the iron arsenide 

family. Thereby, closely related superconductors like (CaFe1-xPtxAs)10Pt3As8 (Tc,max = 14 K), 

(CaFeAs)10Pt4As8 (Tc,max = 35 K) and (Ca1-xRExFeAs)10Pt3As8 (Tc,max = 35 K) can be derived 

from this common parent by direct, indirect, and electronic doping, respectively.[22–24] Figure 

1 depicts the structure of the 1038 parent compound as well as a section of the Pt3As8 layer. In 

this paper, we report the crystal structures and superconductivity of transition metal doped 

(CaFe1-xMxAs)10Pt3As8 with M = Co, Ni, and Cu with critical temperatures up to 15 K. Our 

results clearly establish that the 1038/1048 superconductors are more than an exotic excep-

tion, but another, even structurally more complex, branch of the iron arsenide family. 

Figure 1. Crystal structure of the 1038 parent compound (CaFeAs)10Pt3As8. 

2.5.2 Experimental Details 

Polycrystalline samples of Co, Ni, and Cu doped calcium platinum iron arsenides were syn-

thesized from the elements as described in reference [15], and characterized by X-ray powder 
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diffraction using the Rietveld method with TOPAS[25]. Compositions were determined within 

errors of 10 % by X-ray spectroscopy (EDX). Superconducting properties were determined 

using an ac-susceptometer at 1333 Hz in the temperature range of 3.5 – 300 K at 3 Oe. Mag-

netic measurements were additionally performed on a QUANTUM DESIGN MPMS XL5 

SQUID magnetometer which allowed for measurements with fields up to 50 kOe at tempera-

tures between 1.8 and 300 K. Temperature dependent resistivity measurements between 3.5 

and 300 K were carried out using a standard four-probe method. 

 
Figure 2. X-ray powder patterns (blue lines) with Rietveld fits (red lines) of (CaFe1-xMxAs)10Pt3As8 with 
M = Co (left) and Ni (right). 

 
Figure 3. Lattice parameters of (CaFe1-xMxAs)10Pt3As8 with M = Co (left) and Ni (right) obtained from 
Rietveld fits. 

2.5.3 Results and Discussion 

Figure 2 shows X-ray powder patterns with Rietveld fits of (CaFe1-xMxAs)10Pt3As8 samples 

with M = Co, Ni and x = 0.1. The diffraction patterns are completely described with the 1038 

phase structure model[15] and minor amounts of impurity phases FeAs and PtAs2. The high 

sample quality implies smooth incorporation of cobalt, nickel, and copper into the 1038 

structure. The amount of impurity phases increase at higher doping levels, which indicates 
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solubility limits of x ≈ 0.25 for Co and Ni as well as x ≈ 0.12 for Cu, respectively, in the 1038-

type structure. Thus, the fully substituted compounds (CaCoAs)10Pt3As8, (CaNiAs)10Pt3As8, 

(CaCuAs)10Pt3As8, and (CaFeAs)10Ni3As8 were not accessible by solid-state synthesis, al-

though the Pd analogue (CaFeAs)10Pd3As8 was recently reported.[19] Figure 3 illustrates the 

dependency of the lattice parameters on Co- or Ni-substitution from X-ray powder data re-

finement, revealing similar behavior of both Co- and Ni-1038 to the 122-type compounds 

Ba(Fe1-xCox)2As2
[26] and Ba(Fe1-xNix)2As2.[11] The in-plane axes a and b as well as the unit cell 

angles (not shown) remain nearly constant within experimental accuracy, whereas c decreases 

by about 0.8 % in the range 0 ≤ x ≤ 0.25, accompanied with shrinking of the cell volume by 

approximately 0.8 %. At this point it should be noted, that, even if small, the analogous 

effects of Co and Ni doping to the 1038 structure may be indicative for a similar 3d electron 

count localized at Co and Ni when doped to FeAs layers. An interesting aspect arises from the 

chemical similarity of platinum and nickel. Although the targeted position of Co when doped 

into the 1038 structure is the FeAs layer, the situation is more complicated in the case of Ni. 

In this system, Fe/Ni mixing is expected, but Ni substitution to the Pt sites is as well imagina-

ble as Ni occupancy at the Pt vacancies in the Pt3As8 layer. However, modifications of the 

Pt3As8 layers by additional Ni incorporation were supposed to produce 1048 type impurity 

phases, or at least changes of the a, b lattice parameters. Susceptibility measurements would 

be a sensitive probe to detect even minimal traces of the 1048 phase due to its high Tc well 

above 30 K. However, none of these phenomena have been observed. Moreover, additional 

EDX measurements gave no indication for Pt/Ni mixing. All these results clearly indicate that 

no modifications of the Pt3As8 layers occur, tantamount with Co, Ni, or Cu doping taking 

place only in the FeAs layers. 

 
Figure 4. Ac-susceptibilities of (CaFe1-xCoxAs)10Pt3As8 (left) and (CaFe1-xNixAs)10Pt3As8 (right). 
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Figure 4 shows ac-susceptibility data of (CaFe1-xMxAs)10Pt3As8 (M = Co, Ni). Critical tem-

peratures of Co-1038 reach 15.3 K at the optimal Co concentration x = 0.075, whereas Ni-

1038 maximum Tc settles at 13.4 K for a doping level of x = 0.05. Superconducting volume 

fractions indicate bulk superconductivity. In contrast to this finding, no superconductivity was 

detected in (CaFe1-xCuxAs)10Pt3As8, except of traces at the lowest doping level synthesized of 

x = 0.02. Figure 5 shows dc-electrical resistivity and low field dc-susceptibility data. The left 

panel (Figure 5) displays resistivity measurements performed with the maximum Tc samples 

(CaFe0.925Co0.075As)10Pt3As8 and (CaFe0.95Ni0.05As)10Pt3As8. A steep drop to zero resistance is 

observed for both samples which coincide with critical temperatures from susceptibility mea-

surements, respectively. The absolute values of the specific resistivity are in the range of poor 

metals as typical for iron arsenides in the normal state. Remarkably, in our case, the normal 

state resistivity increases with decreasing temperature resembling a semiconductor like beha-

vior. This temperature dependence of the specific resistivity is different from 1111- and 122-

type iron arsenide superconductors, but was also found for the parent compound 

(CaFeAs)10Pt3As8. Similar results have also been reported for (CaFe1-xPtxAs)10Pt3As8.[27] 

 
Figure 5. Dc-resistivity (left) and low-field dc-susceptibilities (right) of (CaFe1-xCoxAs)10Pt3As8 and 
(CaFe1-xNixAs)10Pt3As8. 
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Figure 6. Tc(x) phase diagrams of (CaFe1-xCoxAs)10Pt3As8 and (CaFe1-xNixAs)10Pt3As8. 

The right panel of Figure 5 shows the low-field dc-susceptibility of Co- and Ni-1038 samples 

with the highest Tc. Almost 100 % shielding at low temperatures proves bulk superconduc-

tivity, while the Meissner-signal is rather small. Doping dependent critical temperatures for 

both Co- and Ni-1038 are compiled in Figure 6. Superconductivity is induced by small transi-

tion metal doping to the iron sites. (CaFe1-xCoxAs)10Pt3As8 reveals a dome like Tc(x) depen-

dency, reaching a maximum of 15.3 K for the optimal doping level x = 0.075. The critical 

temperature distinctly drops if x exceeds 0.075. However, full suppression of superconduc-

tivity upon high Co concentrations could not be achieved within the solubility limit of Co. 

Samples with a nominal composition of x = 0.2 and x = 0.3 show only traces of superconduc-

tivity which may come from inhomogeneously distributed cobalt. Therewith, the super-

conducting dome of Co-1038 is remarkably similar to the Co doped 122 compounds 

Ba(Fe1-xCox)2As2
[26,28]. The Ni-1038 compounds reveal narrower dependency of the critical 

temperatures from the substitution level, featuring a maximum Tc of 13.4 K at x = 0.05. This 

finding is in line with the additional electron of Ni with respect to Co, giving rise of an 

increased electron doping at same transition metal substitution[28]. Tc rapidly decreases at 

higher Ni concentrations until superconductivity is completely suppressed at 17 % Ni.  

Thus, (CaFe1-xNixAs)10Pt3As8 reveals very similar properties than its homologue 

(CaFe1-xPtxAs)10Pt3As8. In this context, Ni-1038 is supposed to be a more suitable system to 

study its properties in the overdoped regime due to the higher solubility of Ni. 
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2.5.4 Conclusion 

In conclusion, we have demonstrated bulk superconductivity in the 1038 compounds 

(CaFe1-xMxAs)10Pt3As8 doped by M = Co or Ni, with critical temperatures up to 15.3 K in Co-

1038 (x = 0.075) and 13.4 K in Ni-1038 (x = 0.05), respectively. Superconducting properties 

in both compounds were evidenced by ac- and dc-susceptibility as well as dc-resistivity data. 

Moreover, no superconductivity was evident in Cu doped samples (CaFe1-xCuxAs)10Pt3As8. 

The dependency of Tc of the substitution level x reveals similar behavior than in known 

directly doped 122-type iron arsenides Ba(Fe1-xMx)2As2 with M = Co, Ni, Cu, whereas the 

comparatively narrow superconducting dome of Ni-1038 is indicative for an increased elec-

tron doping contribution of Ni with respect to Co-1038. Our results clearly show the close 

resemblance of calcium platinum iron arsenides to other iron arsenide compounds, giving evi-

dence that established doping methods to induce superconductivity are abundantly applicable 

also to more complex systems like the 1038 and 1048 materials. 

2.5.5 References 

[1]  Y. Kamihara, T. Watanabe, M. Hirano, H. Hosono, J. Am. Chem. Soc. 2008, 130, 3296. 

[2] M. Rotter, M. Tegel, D. Johrendt, Phys. Rev. Lett. 2008, 101, 107006. 

[3] P. L. Alireza, Y. T. C. Ko, J. Gillett, C. M. Petrone, J. M. Cole, G. G. Lonzarich, S. E. 

Sebastian, J. Phys.: Condens. Matter 2009, 21, 012208. 

[4] D. C. Johnston, Adv. Phys. 2009, 59, 803. 

[5] D. Johrendt, J. Mater. Chem. 2009, 21, 13726. 

[6] G. R. Stewart, Rev. Mod. Phys. 2011, 83, 1589. 

[7] Z. A. Ren, W. Lu, J. Yang, W. Yi, X. L. Shen, Z. C. Li, G. C. Che, X. L. Dong, L. L. 

Sun, F. Zhou, Z. X. Zhao, Chin. Phys. Lett. 2008, 25, 2215. 

[8] J. Paglione, R. L. Greene, Nat. Phys. 2010, 6, 645. 

[9] R. M. Fernandes, A. V. Chubukov J. Schmalian, Nat. Phys. 2014, 10, 97. 

[10] M. A. McGuire, A. D. Christianson, A. S. Sefat, B. C. Sales, M. D. Lumsden, R. Y. Jin, 

E. A. Payzant, D. Mandrus, Y. B. Luan, V. Keppens, V. Varadarajan, J. W. Brill, R. P. 

Hermann, M. T. Sougrati, F. Grandjean, G. J. Long, Phys. Rev. B 2008, 78, 094517. 



New Iron Arsenide Superconductors (CaFeAs)10PtzAs8 

57 

[11] L. J. Li, Y. K. Luo, Q. B. Wang, H. Chen, Z. Ren, Q. Tao, Y. K. Li, X. Lin, M. He, Z. 

W. Zhu, G. H. Cao, Z. A. Xu, New J. Phys. 2009, 11, 025008. 

[12] C. de la Cruz, Q. Huang, J. W. Lynn, J. Y. Li, W. Ratcliff, J. L. Zarestky, H. A. Mook, 

G. F. Chen, J. L. Luo, N. L. Wang, P. C. Dai, Nature 2008, 453, 899. 

[13] J. Zhao, Q. Huang, C. de la Cruz, S. L. Li, J. W. Lynn, Y. Chen, M. A. Green, G. F. 

Chen, G. Li, Z. Li, J. L. Luo, N. L. Wang, P. C. Dai, Nat. Mater. 2008, 7, 953. 

[14] M. Rotter, M. Tegel, I. Schellenberg, W. Hermes, R. Pöttgen, D. Johrendt, Phys. Rev. B 

2008, 78, 020503. 

[15] C. Löhnert, T. Stürzer, M. Tegel, R. Frankovsky, G. Friederichs, D. Johrendt, Angew. 

Chem. Int. Ed. 2011, 50, 9195. 

[16] N. Ni, J. M. Allred, B. C. Chan, R. J. Cava, Proc. Nat. Acad. Sci. U.S.A. 2011, 108, 

E1019. 

[17] S. Kakiya, K. Kudo, Y. Nishikubo, K. Oku, E. Nishibori, H. Sawa, T. Yamamoto, T. 

Nozaka, M. Nohara, J. Phys. Soc. Jpn. 2011, 80, 093704. 

[18] K. Kudo, D. Mitsuoka, M. Takasuga, Y. Sugiyama, K. Sugawara, N. Katayama, H. 

Sawa, H. S. Kubo, K. Takamori, M. Ichioka, T. Fujii, T. Mizokawa, M. Nohara, Sci. 

Rep. 2013, 3, 3101. 

[19] C. Hieke, J. Lippmann, T. Stürzer, G. Friederichs, F. Nitsche, F. Winter, R. Pöttgen, D. 

Johrendt, Philos. Mag. 2013, 93, 3680. 

[20] T. Stürzer, G. M. Friederichs, H. Luetkens, A. Amato, H.-H. Klauss, D. Johrendt, J. 

Phys.: Condens. Matter 2013, 25, 122203. 

[21] A. Sapkota, G. S. Tucker, M. Ramazanoglu, N. N. W. Tian, R. J. Cava, R. J. 

McQueeney, A. I. Goldman, A. Kreyssig, Phys. Rev. B 2014, 90, 100504. 

[22] T. Stürzer, G. Derondeau, D. Johrendt, Phys. Rev. B 2012, 86, 060516(R). 

[23] T. Stürzer, G. Derondeau, D. Johrendt, Solid State Commun. 2015, 201, 36-39. 

[24] N. Ni, W. E. Straszheim, D. J. Williams, M. A. Tanatar, R. Prozorov, E. D. Bauer, F. 

Ronning, J. D. Thompson, R. J. Cava, Phys. Rev. B 2013, 87, 060507. 

[25] A. Coelho, TOPAS-Academic, Version 4.1, Coelho Software, Brisbane, Australia, 2007. 







Appendix 

 

140 

7.3.2 α-(CaFe0.869Ru0.131As)10Pt2.92Ru1.08As8 

Table 6. Crystallographic data of (CaFe0.869Ru0.131As)10Pt2.92Ru1.08As8. 

Crystal system, space group Tetragonal, P4/n, No. 85 
a, c (Å) 8.7237(8), 10.393(2) 
Cell volume (Å3) 790.97(18) 
Calculated density (g/cm3), Z 6.3938, 1 
Radiation type, λ (Å) Mo-Kα, 0.71069 
2θ range (deg) 6.10 – 63.42 
Reflections (total, independent, I > 3σ(I)) 10862, 920, 671 
Rint, Rσ  0.0989, 0.0643 
GooF (all), GooF (I > 3σ(I)) 1.38, 1.50 
Refined parameters, refinement 55, F2 

R1, wR2 (I > 3σ(I)) 0.0412, 0.0700 
R1, wR2 (all) 0.0689, 0.0761 
Largest residual peak, hole e−/Å3 4.76, -3.98 
 

Site Wyckoff SOF x y z Ueq 

Pt1/Ru1 2b 0.982(12) 0 0 0.5 0.0085(2)  
Pt2/Ru2 2c 0.480(13) 0.5 0 0.5734(1) 0.0141(4)  
As1 2c  0 0.5 0.1469(3) 0.0174(7)  
As2 8g  0.4006(1) 0.2976(1) 0.1362(1) 0.0115(4)  
As3 8g  0.2611(2) 0.1080(1) 0.4884(1) 0.0123(4)  
Fe1/Ru11 2a 0.890(19) 0.5 0.5 0 0.0091(8)  
Fe2/Ru22 8g 0.863(12) 0.1975(2) 0.4008(2) 0.0037(2) 0.0103(5)  
Ca1 2c  0.5 0 0.2738(5) 0.0140(12) 
Ca2 8g  0.0970(2) 0.2004(3) 0.2600(2) 0.0134(7)  
 

The crystal featured a diffraction pattern which was indexed with 5 ×  5 supercell of the α-

1048 structure. Hardly any diffuse contribution were evident, indicating ordered stacking. 

Refinement succeeded in the reported space group P4/n, with Fe/Ru mixing and Pt/Ru mix-

ing. Partial merohedral twinning was included into the model to ascribe for additional reflec-

tions (180° around (21̄

7.4 Unit Cell Parameters from Disorder Model 

0) in direct space). 

Basis of the disorder model established in Chapter 2.2 were invariant layer setups and inter-

layer distanced, whereby the one dimensional disorder originates from different layer 

arrangements. Invariant parameters a, b and (FeAs)–(FeAs) interlayer distance were 

calculated from single crystal data. To check the models for consistency the unit cell for 
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triclinic polymorphs of 1038 and β-1048 were then reconstructed based on the invariant 

parameters and the layer shifts found for disorder. Table 7 shows calculated unit cell para-

meters being in excellent agreement with single crystal data. 

Table 7. Comparison of unit cell metrics of 1038 and β-1048 from single crystal data with calculation 
based on disorder model layer shifts. 

Structure 1038 
Single crystal 

1038 
Disorder model 

β-1048 
Single crystal 

β-1048 
Disorder model 

a (Å) 8.7616 8.7616 8.7382 8.7382 
b (Å) 8.7726 8.7726 8.7387 8.7387 
c (Å) 10.681 10.679 11.225 11.228 
α (°) 75.666 85.284 81.049 81.045 
β (°) 85.412 75.733 71.915 71.863 
γ (°) 90.036 90 89.980 90 
Volume (Å3) 792.67 792.67 803.78 803.78 
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7.5 Fermi Surfaces of (CaFeAs)10PtzAs8 (z =3, 4), (Ca0.8La0.2FeAs)10Pt3As8 and 

(Ca0.8Na0.2FeAs)10Pt4As8 

Due to the lack of partial PtzAs8 states at EF all chemical manipulations changing the elec-

tronic situation in these compounds exclusively affect the FeAs layers. With identical iron 

arsenide layers in all compounds a direct comparison of the electronic properties is possible. 

Fermi surfaces of compounds (CaFeAs)10PtzAs8 (z= 3, 4), (Ca0.8La0.2FeAs)10Pt3As8, and 

(Ca0.8Na0.2FeAs)10Pt4As8 calculated by DFT methods using the Wien2k package are depicted 

in Figure 1. For comparability all surfaces are aligned coplanar to the tetragonal iron arsenide 

layers in real space. An overview of the relative Fermi energy position of the different com-

pounds is illustrated in Figure 2. 

 
Figure 1. Fermi surfaces of (CaFeAs)10Pt3As8 (a), (Ca0.8La0.2FeAs)10Pt3As8 (b), (CaFeAs)10Pt4As8 (c), and 
(Ca0.8Na0.2FeAs)10Pt4As8 (d). 
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Figure 2. Position of the Fermi niveau for the compounds (CaFeAs)10Pt3As8 (1038), 
(Ca0.8La0.2FeAs)10Pt3As8 (La-1038), (CaFeAs)10Pt4As8 (1048), and (Ca0.8Na0.2FeAs)10Pt4As8 (Na-1048). 

7.6 Structure-Tc-Correlation in Iron Arsenides 

Geometric aspects of the FeAs layer are often discussed to play a significant role for the 

emergence of high temperature superconductivity in iron arsenides. Especially the As–Fe–As 

bonding angle  and the height of the pnictide layer above the iron sheets are assumed to be 

critical. A comparison of geometric subtleties and superconducting properties of optimal 

doped 1038 and 1048 compounds with reported iron arsenides is depicted in Figure 3. 

 
Figure 3. Comparison of critical temperatures in dependency of As–Fe–As bonding angle (left) and 
pnictogen height (right) of known iron arsenide superconductors.1

                                                 
1 V. Zinth, Dissertation, LMU München, 2012. 
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7.7.2 Magnetic Calculations 

Spin polarized calculation revealed a preferable magnetic ground state for both α-CaFe5As3 

and α-Ca3Fe8PtAs6. Calculated magnetic moments of relaxed magnetic structure are listed in 

Table 8, together with reported calculated value for CaFe4As3
[1]. 

 
Figure 7. Labels of Fe sites in the asymmetric unit cell of α-CaFe5As3 and α-Ca3Fe8PtAs6. 

 

Table 8. Calculated iron moments for the magnetic ground states of CaFe4As3, α-CaFe5As3 and 
α-Ca3Fe8PtAs6. 

Site CaFe4As3
[2]

 CaFe5As3 Ca3Fe8PtAs6 
Fe1 1.0 μB 0.3 μB 0.7 μB 
Fe2 1.7 μB 1.8 μB 1.7 μB 
Fe3 1.8 μB 2.0 μB 1.8 μB 
Fe4 - 2.0 μB 2.0 μB 
Fe5 2.1  μB 2.3 μB 2.5 μB 
Fe6 - - 0.4 μB 
Fe7 - - 1.2 μB 
Fe8 - - 1.4 μB 

 

  

                                                 
2 I. Todorov,D. Y. Chung, C. D. Malliakas, Q. Li, T. Bakas, A. Douvalis, G. Trimarchi, K. Gray, J. F. Mitchell, 
A. J. Freeman, M. G. Kanatzidis, J. Am. Chem. Soc. 2009, 131, 5405. 
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8 Abbreviations and Quantities 

8.1 Abbreviations 

1038 (CaFeAs)10Pt3As8 

1048 (CaFeAs)10Pt4As8 

A alkaline metal 

ac alternating current 

AE alkaline earth metal 

AFM antiferromagnetic order 

ARPES angle resolved photoelectron spectroscopy 

a.u. arbitrary units 

BCS acronym of Bardeen, Cooper and Shrieffer 

CCD charge coupled device 

CDW charge density wave 

CERN European Organization for Nuclear Research 

CN coordination number 

COHP  crystal orbital Hamilton population 

CPU central processing unit 

dc direct current 

DFT density functional theory 

DOS density of states 

e– electron 

EDX energy dispersive X-ray spectroscopy 

EPM electron probe microanalysis 

fc field cooling 

GPS general purpose surface-muon instrument 

ix isomorphic transition of index x 
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IPDS imaging plate diffraction system 

Ir1048 (CaFeAs)10Ir4As8 

k impulse vector 

LHC Large Hadron Collider 

LMTO linear muffin-tin orbital 

LMU Ludwig-Maximillians-Universität 

La-Pt-1038 (Ca1-yLayFe1-x PtxAs)10Pt3As8 

Ln lanthanoid 

M metal 

M-1038 (CaFe1-xMxAs)10Pt3As8, M = Co, Cu, Ni, Pt 

MPMS magnetic property measurement system 

NMR nuclear magnetic resonance 

Pd1038 (CaFe1-xPdxAs)10Pd3As8 

PDOS partial density of states 

Pn pnictide 

PSI Paul Scherrer Institut 

PXRD powder X-ray diffraction 

QTAIM quantum theory of atoms in molecules 

RE rare earth metal 

RE-1038 (Ca1-yREyFeAs)10Pt3As8 

RT room temperature 

SC superconductivity 

SDW spin density wave 

SG space group 

SOF site occupation factor 

SQUID superconducting quantum interference device 

tx translationengleich transition of index x 
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TF transversal field 

VASP Vienna ab-initio simulation package 

Wyckoff Wyckoff-Position 

ZF zero field 

zfc zero field cooling 

μSR muon spin rotation 

8.2 Magnetic Quantities 

4πχV magnetic (e.g. superconducting) volume fraction 

B magnetic flux density 

Bhyp magnetic hyperfine field splitting (Mössbauer) 

C Curie constant 

H magnetic field 

Hc critical field 

M magnetization 

TN Néel temperature 

Tnem temperature of nematic order 

µ magnetic moment in Bohr magnetons 

µB Bohr magneton 

µeff effective magnetic moment in Bohr magnetons 

χ magnetic susceptibility 

χV volume susceptibility 

8.3 Crystallografic Quantities 

 vacancy position 

A, Bx layer shift in disorder model 

deg degree 

F structure factor 
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GooF goodness of fit 

h k l Miller Indices 

I intensity 

R... residual factor 

wR... weighted residual factor 

Ueq equivalent thermal displacement parameter 

w weighting factor 

Z number for empirical formulas per unit cell 

θ diffraction angle 

λ wave length 

ρ(r) electron density 

8.4 Other Quantities 

a, b, c unit cell axes 

a*, b*, c* reciprocal unit cell axes 

at% atom percent 

E energy 

EF Fermi energy 

eV electron Volt 

J Joule 

Jc critical current density 

K Kelvin 

Meff effective mass 

mol mole 

p pressure 

q nesting vector 

T temperature 
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Tc critical temperature of a superconductor 

TS structural transition temperature 

VZZ main component of the magnetic field gradient tensor (Mössbauer) 

wt% weight percent 

α, β, γ unit cell angles 

ν partial charge of a FeAs unit in the FeAs layer 

δ isomer shift (Mössbauer) 

δ structural order parameter 

δ-angle tetrahedra angle (fourfold) 

ε-angle tetrahedra angle (twofold) 

ρ density 

ρ electrical resistivity 

σ standard deviation 

ΘDebye Debye temperature 
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9 Publications 

The major part of results compiled in this thesis were published in scientific journals 

according to the below-mentioned list. Publications which are not included in this work, as 

well as talks and poster presentations at scientific conferences are summarized separately. 

9.1 Publications within this Thesis 

1 Superconductivity by rare earth doping in the 1038-type compounds 

(Ca1-xRExFeAs)10Pt3As8 with RE = Y, La – Nd, Sm – Lu 

T. Stürzer, G. Derondeau, E. Bertschler, D. Johrendt 

Solid State Commun. 2015, 201, 36 – 39. 

For this publication, the samples (Ca1-xRExFeAs)10Pt3As8 with RE = Y, La – Nd, Sm –

 Lu were synthesized by Tobias Stürzer with assistance of Eva-Maria Bertschler and 

Gerald Derondeau. SQUID data was measured by Gina Friederichs and Simon 

Peschke. Ac-susceptibility and conductivity measurements, DFT calculations, literature 

screening, data analysis, Rietveld refinement, writing the manuscript and picture 

editing were done by Tobias Stürzer. Christine Stürzer (former Hieke) contributed to 

data analysis and discussion. The manuscript was revised by Christine Stürzer and Dirk 

Johrendt. 

 

2 Superconductivity by transition metal doping in (CaFe1−xMxAs)10Pt3As8 (M = Co, 

Ni, Cu) 

T. Stürzer, F. Kessler, D. Johrendt 

Philos. Mag. 2014, 94, 3632 – 3639. 

For this publication, the samples (CaFe1-xMxAs)10Pt3As8 with M = Co, Ni, Cu were 

synthesized by Tobias Stürzer with assistance of Fabian Kessler and Rebekka Erdmann. 

SQUID data was measured by Gina Friederichs and Simon Peschke. Ac-susceptibility 

and conductivity measurements, literature screening, data analysis, Rietveld refinement, 

writing the manuscript and picture editing was done by Tobias Stürzer. Christine 

Stürzer (former Hieke) contributed to data analysis and discussion. The manuscript was 

revised by Christine Stürzer and Dirk Johrendt. 
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3 Framework structures of interconnected layers in calcium iron arsenides 

T. Stürzer, C. Hieke, C. Löhnert, F. Nitsche, J. Stahl, C. Maak, R. Pobel, D. Johrendt 

Inorg. Chem. 2014, 53, 6235 – 6240. 

For this publication, synthesis of CaFe5As3 was done by Roman Pobel with the 

assistance of Christian Maak. Samples of α-Ca3(Fe,Pt)8PtAs6, β-Ca3(Fe,Pt)8PtAs6, and 

α-Ca6(Fe,Pt)11Pt3As10 were prepared by Tobias Stürzer with assistance of Juliane Stahl. 

Christine Stürzer (former Hieke) prepared samples of β-Ca3(Fe,Pd)8PdAs6, γ-

Ca3(Fe,Pd)8PdAs6 and α-Ca6(Fe,Pd)11Pd3As10. (Ca,Na)3(Fe,Nb)8As6 was prepared by 

Catrin Löhnert. Structure elucidation of CaFe5As3, α-Ca3(Fe,Pt)8PtAs6, and α-

Ca6(Fe,Pt)11Pt3As10 was done by Tobias Stürzer, of β-Ca3(Fe,Pt)8PtAs6 by Dirk 

Johrendt, of β-Ca3(Fe,Pd)8PdAs6, γ-Ca3(Fe,Pd)8PdAs6, and α-Ca6(Fe,Pd)11Pd3As10 by 

Christine Stürzer and (Ca,Na)3(Fe,Nb)8As6 by Fabian Nitsche. Writing the manuscript 

main part, literature screening, analysis of structural relations, classification of 

compounds to common family Can(n+1)/2(Fe1−xMx)(2+3n)M′n(n−1)/2As(n+1)(n+2)/2 (n ∈ ℕ ; M = 

Nb, Pd, Pt; M′ = , Pd, Pt), and DFT calculations were done by Tobias Stürzer. 

Christine Stürzer, Catrin Löhnert, and Fabian Nitsche contributed to data analysis and 

discussion. Picture editing was done by Christine and Tobias Stürzer. The manuscript 

was revised by Christine Stürzer, Fabian Nitsche, and Dirk Johrendt. 

 

4 Structural and magnetic phase transitions in triclinic (CaFeAs)10Pt3As8 

T. Stürzer, G. M. Friederichs, H. Luetkens, A. Amato, H.-H. Klauss, D. Johrendt 

J. Phys.: Condens. Matter 2013, 25, 122203. 

For this publication, synthesis of (CaFeAs)10Pt3As8 and sample preparation, writing the 

manuscript main part, literature screening, Rietveld refinement, measurement and 

interpretation of ac-susceptibility data, and image editing was done by Tobias Stürzer. 

EDX analysis was performed by Christian Minke. SQUID and conductivity 

measurements were done by Gina Friederichs and Rainer Frankovsky. Sample 

preparation and measurement of low temperature X-ray powder data measurements 

were performed by Franziska Hummel. Muon spin rotation spectroscopy data 

measurements, sample preparation as well as data analysis and interpretation were 

done by Hubertus Luetkens at the Paul Scherrer Institute in Switzerland. Hans-Henning 

Klauss (TU Dresden) and Alex Amato (PSI Villigen) contributed to data analysis and 
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discussion. The manuscript was revised by Christine Stürzer (former Hieke), Hubertus 

Luetkens, and Dirk Johrendt. 

 

5 Role of different negatively charged layers in (CaFeAs)10Pt4As8 and 

superconductivity at 30 K in electron doped (Ca0.8La0.2FeAs)10Pt3As8 

T. Stürzer, G. Derondeau, D. Johrendt,  

Phys. Rev. B 2012, 86, 060516. 

For this publication, synthesis of (CaFe1-xPtxAs)10Pt3As8, (CaFe1-xPtxAs)10Pt4As8, and 

with assistance of Gerald Derondeau (Ca0.8La0.2FeAs)10Pt3As8, sample preparation, 

writing the manuscript main part, literature screening, Rietveld refinement, single 

crystal growth, measurement and structure elucidation, measurement and interpretation 

of magnetic data, as well as image editing was done by Tobias Stürzer. EDX analysis 

was performed by Christian Minke. DFT calculations were done by Dirk Johrendt. The 

manuscript was revised by Christine Stürzer (former Hieke) and Dirk Johrendt. 

 

6 Superconductivity up to 35 K in the iron platinum arsenides 

(CaFe1-xPtxAs)10Pt4-yAs8 with layered structures 

C. Löhnert, T. Stürzer, M. Tegel, R. Frankovsky, G. Friederichs, D. Johrendt 

Angew. Chem. Int. Ed. 2011, 50, 9195 – 9199. 

For this publication, synthesis and samples preparation of (CaFe1-xPtxAs)10PtzAs8 with z 

= 3, 4 was done by Catrin Löhnert and Tobias Stürzer. Rietveld refinement of powder 

data and theoretical calculations were done by Marcus Tegel. Gina Friederichs and 

Rainer Frankowsky performed conductivity measurements. Magnetic measurements 

were done by Marcus Tegel and Tobias Stürzer. Literature screening and writing the 

main part was done by Dirk Johrendt. Marcus Tegel and Tobias Stürzer contributed to 

data analysis and discussion. The manuscript was revised by Marcus Tegel and Tobias 

Stürzer.  
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9.2 Publications beyond this Thesis 

7 Multigap superconductivity in locally non-centrosymmetric SrPtAs: An 75As 

nuclear quadrupole resonance investigation  

F. Brückner, R. Sarkar, M. Günther, H. Kühne, H. Luetkens, T. Neupert, A. P. Reyes, P. 

L. Kuhns, P. K. Biswas, T. Stürzer, D. Johrendt, H.-H. Klauss  

Phys. Rev. B 2014, 90, 220503(R). 

 

8 Ba1-xRbxFe2As2 and generic phase behavior of hole doped 122-type 

superconductors 

S. Peschke, T. Stürzer, D. Johrendt 

Z. Anorg. Allg. Chem. 2014, 640, 830 – 835. 

 

9 Evidence for Time-Reversal-Symmetry-Broken Superconductivity in Locally 

Noncentrosymmetric SrPtAs 

P. K. Biswas, H. Luetkens, T. Neupert, T. Stürzer, C. Baines, G. Pascua, A. P. 

Schnyder, M. H. Fischer, J. Goryo, M. R. Lees, H. Maeter, F. Brueckner, H.-H. Klauss, 

M. Nicklas, P. J. Baker, A. D. Hillier, M. Sigrist, A. Amato, D. Johrendt  

Phys. Rev. B 2013, 87, 180503. 

 

10 Why Tc of (CaFeAs)10Pt3.58As8 is twice as high as (CaFe0.95Pt0.05As)10Pt3As8 

S. Thirupathaiah, T. Stürzer, V. B. Zabolotnyy, D. Johrendt, B. Büchner, S. V. 

Borisenko  

Phys. Rev. B 2013, 88, 140505. 

 

11 Superconductivity and crystal structure of the palladium iron arsenides 

(CaFe1-xPdxAs)10Pd3As8 

C. Hieke, J. Lippmann, T. Stürzer, G. M. Friederichs, F. Nitsche, F. Winter, R. Pöttgen, 

D. Johrendt  

Philos. Mag. 2013, 93, 3680 – 3689. 
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12 Transition metal Pnictides 

D. Johrendt, C. Hieke, T. Stürzer 

Comprehensive Inorganic Chemistry II (second edition), Elsevier 2013, 111 – 135. 

 

13 The specific heat of the electron doped La-1038 compound 

(Ca0.85La0.15FeAs)10Pt3As8 

J. S. Kim, T. Stürzer, D. Johrendt, G. R. Stewart 

J. Phys.: Condens. Matter 2013, 25, 135701. 

 

14 Suppression of superconductivity by V doping and possible magnetic order in 

Sr2VO3FeAs 

M. Tegel, T. Schmid, T. Stürzer, M. Egawa, Y. Su, A. Senyshyn, D. Johrendt  

Phys. Rev. B 2010, 82, 140507. 

 

9.3 Conference Contributions 

1 Structures, superconductivity, and magnetism in (CaFeAs)10PtzAs8 (invited talk) 

T. Stürzer

2 Superconductivity and Crystal Structure of Palladium Iron Arsenides (poster) 

, D. Johrendt 

Workshop on itinerant magnetism and superconductivity, Dresden, Germany, 2014. 

 

C. Hieke

3 New Framework Structures with interconnected Iron Arsenide Layers (poster) 

, T. Stürzer, G. Friederichs, F. Nitsche, D. Johrendt 

SUPER-IRON 2nd Student Workshop, Tsukuba, Japan, 2014. 

 

T. Stürzer

 

, C. Hieke, C. Löhnert, F. Nitsche, D. Johrendt 

SUPER-IRON 2nd Student Workshop, Tsukuba, Japan, 2014. 
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4 Eisenarsenid kann mehr! (talk) 

T. Stürzer

5 Neue Strukturen mit 3D verknüpften FeAs-Schichten (talk) 

, D. Johrendt 

Hemdsärmelkolloquium, Köln, Germany, 2014. 

 

T. Stürzer

6 (CaFeAs)10PtzAs8 - Eine neue Klasse typischer Eisenarsenid- Supraleiter (talk) 

, D. Johrendt 

Erstes Obergurgl-Seminar Festkörperchemie, Obergurgl, Austria, 2014. 

 

T. Stürzer

7 Der Einfluss der Ladungsverteilung im neuen Supraleiter (CaFe1-xPtxAs)10PtzAs8 

(talk) 

, D. Johrendt 

Hirschegg-Seminar on solid-state Chemistry, Hirschegg, Austria, 2013. 

 

T. Stürzer

8 Polymorphism and phase diagram of (CaFe1-xPtxAs)10Pt3+yAs8 (poster) 

, D. Johrendt 

Hirschegg-Seminar on solid-state Chemistry, Hirschegg, Austria, 2012. 

 

T. Stürzer

9 The Role of Stoichiometry and Magnetism in the Superconductor Sr2VO3FeAs and 

Related Compounds (poster) 

, C. Löhnert, D. Johrendt 

International Workshop on Superconductivity in Iron-based Compounds (SPP 1458), 

München, Germany, 2012. 

 

M. Tegel, F. Hummel, T. Schmid, T. Stürzer, M. Egawa, Y. Su, A. Senyshyn, D. 

Johrendt 

International Workshop on Novel Superconductors and Super Materials (NS2
2011), 

Tokyo, Japan, 2011. 
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