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Abstract

Low dimensional organic metal halide hybrids (LD-OMHHs) have recently emerged
as a new class of functional materials with various potential applications in optical, magnetic,
and quantum information technologies. The high-throughput discovery and understanding of
these materials necessitate identifying the best theoretical methods for generating reliable
predictions of properties compared to experimental results. One of the key properties that
has been studied is the band gap. This work systematically benchmarks several widely used
density functional theory (DFT) functionals as well as the impact of spin-orbit coupling on
band gap predictions for 115 experimentally reported LD-OMHHs. Surprisingly, it was
found that the band gap predicted by GGA aligns similarly or better with experimentally
measured values compared with two meta-GGA methods. Moreover, the inclusion of spin-
orbital coupling has limited influence on band gap prediction. Such behavior can be
understood by the potential existence of large excitonic effects in LD-OMHHs, which
deviate computed fundamental gap from high-level DFT theory from experimental optical
bandgap. Our research also reveals that the utilization of GGA functional without spin orbital
coupling can be a practical and efficient method for the high-throughput screening of LD-
OMMHs with reasonable band gaps.
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1. Introduction

Low dimensional organic metal halide hybrids (LD-OMHHs) !* have recently been
developed as versatile material platforms with applications in various types of optoelectronic
devices, such as photovoltaic cells (PVs), light emitting diodes (LEDs), and photodetectors
for their unique and remarkable optical and electronic properties > . Unlike conventional
perovskite structure with metal halide polyhedral connecting to form 3D frameworks, LD-
OMHHSs contain anionic metal halide species isolated and surrounded by organic cations,
forming 2D, 1D, and 0D structures at the molecular level * !°. Due to the site isolation and
quantum confinement effects, LD OMHHs exhibit distinct properties as compared to their
3D perovskites. For instance, the corrugated-2D and 1D OMHHs with electronic band
formation and structural distortions exhibit broadband emissions from a combination of
direct and self-trapped excited states, producing near-white emissions* !+ 12, 0D OMHHs
without electronic band formation show broadband emissions from the reorganized excited
states, with high photoluminescence quantum efficiencies (PLQEs) of up to 100 %)? '3-16,

Accurate prediction of properties of such organometallic halides urges systematic
benchmark towards experimental results. Among all these applications, one common task
for theoretical computation is to predict the band structure and band gap. However, which
DFT functional is optimal for exploring and predicting the bandgap of LD-OMHH systems
remains uncertain. In this work, we have conducted a systematic evaluation of the prediction
power of different DFT functionals in terms of band gap prediction for LD-OMHHSs, in
particular 0D and 1D ones. The experimental band gap of 61 0D-OMHH and 54 1D-OMHHs
are extracted from literatures to serve as the “ground truth” of our prediction. Four types of
DFT setup, GGA, GGA with spin-orbital coupling (denoted as GGA+SOC), R2SCAN, and

TASK are benchmarked on the 115 OMHHs. Specifically, R2ZSCAN is shown as low scaling
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metaGGA method!” that is able to offer accurate prediction of both formation enthalpy and
band gaps'®2!. On the other hand, TASK has emerged as a meta-GGA method that has lower
computing cost than hybrid functionals but offers similar performance in terms of predicting
bandgaps for perovskite and perovskite-related materials 2% 2°, Surprisingly, we have found
out that the GGA level of theory outperforms TASK and gets very close to R2ZSCAN in terms
of predicting band gap for OD and 1D OMHHs. Given that it is well known in the field of
DFT that semi-local methods such as GGA will always underestimate the bandgap %242,
our unexpected observations reveal there could be unprecedented excitonic effects in such
systems, which makes the DFT predicted fundamental gap differs a lot from the optical band
gap. Nevertheless, our analysis indicates that GGA by itself will be useful to massively
screen down OMHHs with proper optical band gap, while the more physically insightful

investigation may be subjected to investigating the shortlist of materials by combining hyper

GGA level of theory or beyond with experimental measurement of excitonic effect 2.

2. Methodology

To investigate the electronic property of 0D and 1D OMHHs, density functional theory
(DFT) calculations were carried out using the Vienna Ab Initio Simulation Package?® and the
projector-augmented wave (PAW) method 27 28, A reciprocal mesh discretization of 25 A™!
has been used for each calculation. Both lattice parameters and atomic positions were relaxed
in DFT calculations. The convergence criteria were set as 107® eV for electronic iterations
and 0.05 eV/A for ionic iterations. Such convergence criterion has been tested to give
neglectable energy difference compared with much more strict accuracy setup. A Gaussian
type smearing of Fermi level was applied. A plane wave energy cutoff of 520 eV was used
for all calculations. All structural optimizations are done with GGA before applying different

methods for band structure calculations.

https://doi.org/10.26434/chemrxiv-2024-zf706 ORCID: https://orcid.org/0000-0002-8181-6815 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://doi.org/10.26434/chemrxiv-2024-zf706
https://orcid.org/0000-0002-8181-6815
https://creativecommons.org/licenses/by-nc-nd/4.0/

Many 0D and 1D OMHHs have large unit cell of more than 100 atoms, in some cases
larger than 500 atoms. It is possible to calculate a few band structures with higher level theory,
such as hybrid functionals, GW, random phase approximation and Quantum Monte Carlo 2*-
34 etc. However, given the extremely high cost to do high throughput screening with such
functionals, we regard the use of hyper-GGA or higher-level theory as impractical for large

scale screening of OMHHs.

3. Results
3.1. Coverage of chemical spaces of OMHHs

The compositional space of our examined compounds is demonstrated in Fig. 1.
Particularly, 61 0D OMHHs and 54 1D OMHHs are obtained from existing literatures.
Representative 0D and 1D OMHHs are demonstrated in Fig. 1(a), 1(d) respectively. The
coverage of chemical spaces can be demonstrated by the histogram shown in Fig. 1.
Additionally, these compounds are grouped depending on the metal species as well as
number of carbon atom each organic molecule has (denoted as N. per molecule in Fig. 1(c)
and 1(f)). It can be inferred from Fig. 1(b) and Fig. 1(e) that the 0D OMHHSs reported
experimentally with band gap measurement are more diverse in metals, while around 49.18%
ID OMHHs are Pb contained compounds, in contrast to only 3.70% Pb containing
compounds in the case of 0D OMHHs. Moreover, it can also be inferred from Fig. 1(c) and
Fig. 1(f) that 0D OMHHs in general accommodate larger molecules with more carbon, this
can be represented by compounds that have more than 20 C atom per molecule for 0D
OMHHs as shown in Fig. 1(c), which is absent for 1D cases shown by Fig. 1(f). Some of the
representative compounds with large organic molecules can be represented by
(C3sH34P2)MnBrs with (C3sHs4P2)" as the organic cation ¥, C24H20PCuBr, with (CasHaoP)*

as organic cation as well as CasH20P2ZnBrs with (CasH2oP2)*" as organic cation. Such
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distribution of molecular size can be understood as the fact that there is much less topological
constraint for 0D OMHHs as the metal halide polyhedron does not need to connect in a way

to maintain periodicity of the inorganic motif in any dimension.
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Fig. 1: Chemical spaces of examined 0D and 1D OMHHs: (a) crystal structure of
representative 0D OMHHs-(C13H12N)>CdCly; (b) metal species and (c) number of carbon atoms each
organic molecule (denoted as N. per molecule) of 0D OMHHSs; (d) crystal structure of representative
1D OMHHs-(C1HoN)PbBr3; (e) metal species and (f) N per molecule of 1D OMHHs.

3.2. Comparison among GGA, R2SCAN, and TASK

With the establishment of all datasets, we then computed the band structure using three
types of functionals: GGA, R2SCAN, and TASK. GGA is the most widely used functional
and offers a reasonable estimation of material properties in many situations *¢. On the other
hand, R2SCAN!737- 38 emerges recently as a low scaling metaGGA method that offered
improved accuracy for many properties, such as formation enthalpy, decomposition energy
as well as mechanical properties etc. Last but not least, TASK is also selected for comparison
as it was recently reported to be functional and capable of predicting bandgap with similar

behavior to the HSE level of hybrid functionals but with much less cost ?2. It is also reported
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that TASK offers a better prediction of the bandgap of halide perovskites, which is a chemical

system close to the material systems discussed in this work.
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Fig. 2: Comparison of band gap estimation of (a) 0D and (b) 1D OMHHs from GGA, R2SCAN,
and TASK with experimental band gap reported in literatures.

The parity plot of experimental band gap versus DFT computed ones using different
functionals are demonstrated in Fig. 2. Here we separate 0D compounds with 1D compounds
to check whether the dimensionality of metal-halide bond topology will play a role in the
prediction accuracy. Several interesting observations can be made from Fig. 2. Particularly,
R2SCAN tends out to show the best prediction accuracy among three functionals, for both
0D and 1D materials. However, the mean absolute error (MAE) predictions from R2SCAN
are quite close to GGA, with slight difference of 0.14 eV for the 0D case versus 0.03 eV for
the 1D case. On the other hand, TASK tends to mostly overestimate the band gap with the
MAE values being 0.99 eV for both cases, which is 0.30 eV and 0.34 eV larger than the GGA

prediction. The observation for band gap prediction from TASK is also consistent with the
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fact that the HSE level of theory can be liable to predict band gap than GGA level of theory
39-42_particularly considering that TASK is claimed to be able to match HSE band structure
prediction with much lower computing cost ?2. Additionally, one other trend that can be
inferred from Fig. 2 is that both R2ZSCAN and TASK tend to predict larger band gap values
than GGA in general. This is also consistent with the typical understanding that GGA tends
17,24,37, 43,44

to underestimate band gaps compared with other DFT methods

3.3. The impact of spin orbital coupling

Another important setup for band structure calculations is whether to consider the
relativistic effect through spin orbital coupling. This can be a relevant effect especially
considering that many OMHHs involve heavy metals such as Pb, Bi, Sn etc. The comparison
between GGA predicted band gap and band gaps predicted by GGA plus spin orbital
coupling (denoted as GGA+SOC) are presented in Fig. 3. Both 0D and 1D predictions are
combined in this plot given that we did not find any significantly different trends across
different dimensionalities. It can be inferred from Fig. 3(a) that the general performance
between GGA and GGA+SOC are similar. There is no obvious improvement given that both
MAEs are 0.67 eV when calculated from all 0D and 1D OMHHSs. Moreover, another
interesting observation can be illustrated by Fig. 3(b). It can be inferred that almost all
GGA+SOC prediction yields smaller band gap than GGA by itself. However, this systematic
shift of predictions does not necessarily help or hurt the prediction error as it helps the cases
when GGA overestimate the band gap, but it will make things worse when GGA

underestimate the experimental gaps. To illustrate such a “double-edged sword” effect

brought by incorporating SOC, we have demonstrated one case when the underestimation
brought by SOC deviate further away from experimental gap (GGA: 3.29 eV, GGA+SOC

2.86 eV, experiment: 3.58 eV) as shown by the calculations of (C4Hi4 N2)PbCls in Fig. 3(c),
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as well as one case when the lowering of band gap of (C;H13N2)PbCl3 brought by SOC helps

get close to the experimental values (GGA: 4.13 eV, GGA+SOC 3.56 eV, experiment: 3.53

eV).
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Fig. 3: (a) The comparison between GGA predicted band gap and band gaps predicted by
GGA plus spin orbital coupling (denoted as GGA+SOC); (b) the band gap difference of GGA vs
experiment versus the band gap difference of GGA+SOC vs experiment; (c) the band structure of
representative compounds of (C4H14N2)PbClys with better GGA estimation of band gap; (d) the band
structure of representative compounds of (C7H13N2)PbCls; with better GGA+SOC estimation of
band gap. For (c) and (d), the direct gap used to compare with optical measurement is illustrated by
black arrows.

4. Discussions

4.1. Statistical trends of prediction errors

Based on the performance analysis of different DFT functionals. We end up with a
very interesting observation --- GGA turns out to be a suitable choice for predicting band

gap compared with GGA+SOC and two metaGGA functionals. In this section, we want to
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demonstrate a bit more interpretations of the behavior of different functionals as well as
provide more insights into the usage of different functionals for high throughput screening

of electronic structures of OMHHs.
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Fig. 4: The Kernel density distributions of (a) 0D and (b) 1D OMHHs from GGA,
GGA+SOC, R2SCAN, and TASK; The fraction of compounds vs MAE of (¢) 0D and (d) 1D OMHHs
from GGA, GGA+SOC, R2SCAN, and TASK.

The distributions and statistical features of predictions errors are demonstrated in Fig.
4. Particularly, the kernel density distribution of all four DFT setups for 0D and 1D OMHHs
are demonstrated in Fig. 4(a) and Fig. 4(b) respectively. Such distributions will further clarify
the fact that in general the band gap values predicted by different values follow the order

GGA+SOC~=GGA <R2SCAN < TASK, which can be roughly estimated by peak position.

Moreover, the fact that the kernel distribution of TASK prediction error centers at ~ 1.5 eV
indicates that TASK in general tends to overestimate experimental band gap by such value.

On the other hand, the distribution of other three DFT setups will center around 0 eV,
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indicating much less systematic errors. Moreover, another way of systematically look at the
prediction performance is to plot the fraction of data for specific MAE value, which are
demonstrated in Fig. 4(c) and 4(d). It can be seen from these two figures that half of the
dataset for both 0D and 1D can be accurately predicted with MAE smaller than 0.7 eV using
GGA, GGA+SOC or R2SCAN, which will still be useful for estimating optical performance
as well as electronic conductivity of such materials. On the other hand, TASK tends to mis-
predict the band gap of almost 80% of candidates with MAE more than 1eV. Moreover, even
though R2SCAN shows slightly lower MAE for predicting the experimental band gaps, the
difference is marginal as shown in Fig. 4(c) and Fig. 4(d), particularly in the case of

predicting 0D OMHHSs.

4.2. Strategy of choosing DFT setups for predicting bandgap

It seems that there is no perfect way of predicting bandgap of OMHHs. However, it is
also obvious that it is not necessary to go to metaGGA level of theory to improve the accuracy
of bandgap prediction for matching experimental measurements. Particularly, the
computational cost for calculating band gaps using GGA+SOC, R2SCAN and TASK are
demonstrated in Fig. 5. All three methods are shown in Fig. 5 to cost in general four times
more computing resources than GGA. Given the fact that they did not provide obvious
improvement of bandgap prediction accuracy. It is fair to suggest that GGA should be
sufficient for performing high throughput screening of OMHHs for obtaining reasonable
estimation of band structures. After the high throughput screening, a shortlist of candidates
can then be collected for more accurate estimation using more advanced methods, such as

hyperGGA level of theory, random phase approximation, GW, Quantum Monte Carlo etc.
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Fig. 5: The computational cost for calculating band gaps using GGA+SOC, R2SCAN and
TASK compared with GGA.

4.3. Physical interpretation

In addition to prediction accuracy, another important aspect is why GGA does not show
worse performance than other higher-level methods, e.g., GGA+SOC, R2SCAN, and TASK.
This is counter-intuitive and against the common understanding that semi-local theory such
as GGA is generally regarded to underestimate fundamental band gap®*. A reasonable
hypothesis to understand such behavior is that most of our examined material systems have
strong excitonic effect, which make the DFT predicted fundamental band gap larger than
optical band gap measured experimentally from physics. In this case, TASK may
demonstrate the correct physics by overestimating the optical band gap as the DFT results
only indicates the value of fundamental band gap. There is a possibility for this hypothesis,
but it cannot be verified in the scope of this research due to the lack of data that demonstrates

the excitonic effect in LD-OMHHs. A comprehensive combination between experimental
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measurement and higher level DFT calculations may be beneficial to provide answer to this
puzzle. However, regardless of the real reason for such trend, our results demonstrate that
the optical band gap can be efficiently captured by GGA level of theory, even if it could be
due to wrong reason. It underscores the effectiveness of using GGA calculations for
prescreen of good OMHH materials for optoelectronic, electronic or quantum information
application, which is a very useful discovery for high throughput materials screening.

5. Conclusion

In summary, we have presented a systematic evaluation of different DFT functionals,
such as GGA, R2SCAN and TASK, as well as the inclusion of spin orbital coupling, in terms
of band gap prediction for 0D and 1D OMHHs. The experimental band gap of 61 0D and 54
1D OMHHs are extracted from literatures to serve as the “ground truth” of different DFT
functionals prediction. Unexpectedly, the accuracy of GGA calculation for OMHHs is
comparable to R2ZSCAN or even better than TASK. Given that GGA offers a reasonable
MAE for predicting all band gaps (e.g. ~0.6 eV), it can be used as a more practical method

for accurately screen of electronic property of OMHHs systems.
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OMHHE.
Conventional name Chemical formula Epyy Egea  E32S Erascan Erask
V) (V) (V) (V) (eV)
Ci6H33N2MnBr4 Ci6H3sN2MnBry 4.671 3.65 2.77 4.62 6.02
PPh4CuBr, Ca4H20PCuBr» 2570 1.92 1.79 231 2.09
(PBA)>ZnCl, (C1oH16N)ZnCly 450° 444 444 467 537
(PBA)>Znl, (C1oH16N),Znly 425 366 343 410  5.02
(Bmpip),CusBrs (C10H2:N),Cu,Bry 313> 235 234 271 373
(Bmpip),PbBr, (C10H2:N),PbBry 3.10° 351 3.3 406  4.94
(Bmpip),ZnBr4 (C10H2:N),ZnBr, 554 447 436 518 6.0
(C10HsN4CL)SnCl, (CioHisN4CL)SnCl,  4.16° 371  3.61 409 517
2H,O 2H,O
(C10H23N4)SI’IB1‘6‘4H20 (C10H23N4)SI’IB1‘6 3.386 3.25 3.16 3.51 4.43
‘4H,0
(C10H23N4)Sn16 ‘4H,0 (C10H23N4)Sn16 “4H,O0 3.1 86 3.26 3.16 3.51 4.44
(C13H12N)CdCly (C13H12N)CdCly 2,65 225 2.25 2.27 2.73
(1,3-dppH:)>:CuslgH,O  (C13H16N2)Cuals Ho:O - 246 0.16 0.11 0.81 0.05
(HoTTz):ZnBrsMeOH  (C1aHioNsS2)ZnBr,  2.50° 134 125 178 1.81
‘MeOH
(HoTTz)ZnCls-MeOH  (C14H10N4S2)ZnCly 2.66°  1.87 1.86 2.20 241
‘MeOH
(DTA),Cualy (C15sH3aN)2Cuoly 3.521% 261 2.52 3.21 4.00
(Ci6H2sN)>SbCls (Ci6H2sN)>SbCls 3.31'" 312 3.09 3.46 3.93
(TBA)CuBr, (C16H36N)CuBr, 3927 355 346 399  5.04
(TBA)Cul, (C16H36N)Cul 3357 258 256 293  4.05
(PPh;H),SbCls (CisH16P)2SbCls 3.00" 262 263 296 330
(MTP),SbBrs (C1oH,5P),SbBrs 227 251 243 294  3.09
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(ETP),MnBr4 (C20H20P),MnBr4 335" 1.78 1.75 2.52 2.82
(Ph4P)Cd,Brs (C24H20P),Cd»Brs 3287 284 272 336  3.59
TPP>MnCly (C24H20P),MnCly4 2.18" 1.42 1.42 231 2.51
TPP,ZnBr4 (C24H20P)>ZnBr4 2.03'% 2.54 2.45 3.22 3.29
TPP,ZnCl,Br, (C24H20P)2ZnCLBr,  2.07'®  2.53 2.45 3.19 3.27
TPP,ZnCls (C24H20P)2ZnCls 1.85'" 281 2.79 350 3.58
(C3sH34P2)MnBr, (C3sH34P2)MnBry 236" 1.77 1.75 2.41 2.82
(C3H12N2)2SbyClig (C3H12N2)2SbyClig 3.80° 242 2.31 2.72 3.40
(BPA),SnBry (C3HyBrN),SnBrs 2.64*' 1.80 1.75 2.14 2.66
(BPA),SnCls (C3H9BrN),SnCls 297* 277 2.69 320  3.73
(C4N2H14Br)4SnBr6 (C4N2H14Br)4SnBr6 3.0222 3.47 3.37 3.77 4.72
(C4N2H14Br)4Sn16 (C4N2H14Br)4Sn16 2.4822 2.90 2.73 3.19 3.87
(1-mPQBr)MnBr4 (CsHiaN>Br)MnBr, 2217 3.56 2.73 4.32 5.74
(H:MPz)ZnBr4 (CsH14N2)ZnBry 4.86** 430 4.18 4.94 6.42
(H2NMPz)ZnBrs-H,O  (CsHisN2)ZnBra-H,O  4.96* 418 4.09  4.87 6.29
(DPA),Bily (CsHi6N2)2Bilo 1.59*  2.00 1.69 210  2.62
(Emim)sCuals (CH11N2)sCualg 3.26% 1.95 1.91 234 238
(H,AMP)CdBr4-H,O (CeHisN>)CdBrs-H,O  4.977 3770 3.62 425 5.47
(HLAMPA)ZnBry-H,O  (CeHisN2)ZnBra-H,O - 4.84% 4,15 4.02 4.83 6.20
(DPA);SbCls (CsH16N)3SbClg 3.07% 3.64 337 393  4.68
(4cmpyH),BiCls (CsH7CIN),BiCls 3.26” 2.51 247 297 322
(CsHoN2)>Mnl4 (CsHoN2)>Mnl4 221 2.62 2.20 2.51 3.63
(N-EPD),ZnBr (C;H1oN)2ZnBrs 4.11°" 234 226  3.07 3.08
(PMA)QZnh'HzO (C7H10N)2ZHI4'H20 4. 103 3.60 3.36 4.06 4.55
(BAPMA)CuBrs (C7H2:N3)CusBrs 2.85% 225 2.23 2.65 3.59
(C7HsN3),SbBrs (C7HsN3),SbBrs 2.79% 297 281 326 3.85
(C7HsN3)3InBrs-H,0 (C;HsN3)InBre HO  3.65% 2.58  2.58 3.05 3.60
(C7HsN;)3InClg-H,O (CsHsN3);InCleH,O© 4.01% 292 291 327  4.08
(MXD),Pbls (CsH14N2):Pbls 233* 297 270 331 3.72
(MXD),SnBrs (CsH1aN1)>SnBrs 3.00° 292  2.88 298  3.57
(MXD);Bi,Bri2:2H,O  (CsH14N2)3Bi2Bri» 2.86™ 332 2.62 370 4.39
-2H,0
(MXD)Bil; (CsH14N,)Bils 2.15**  2.69 196 306 3.5
(CsH sN),CdCly (CsHsN),CdCly 552% 460 459 521 6.45
(DCDA);Sb,Cly» (CsH20N2)3Sb>Clis 3.547 387 359 417 494
(PTMA),ZnBrs4 (CoH14N)2ZnBry 4.27% 4.01 4.00 4.27 5.19
(PTMA);Cusls (CoH4N);Cusls 3477 223 2.17 2.67 2.57
(CoH15N3)2SnBrs (CoH5N3)2SnBrs 2,60 1.76 1.75 190 244
(CsNHa0)>SbCls (CsNH20)2SbCls 2.88% 3.33 3.25 3.69  4.34
(CgNHzo)zSan (CgNHzo)zSan 2.6441 3.53 3.44 4.01 4.90
(MA)4InCly (CH3NH3)4InCl, 3342 396 395 472 538
0-GuasCuls (CHgN3)Cuols 2.80% 2.61 258 312 397
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Table S2. The band gap of experimental, GGA, GGA+SOC, R2SCAN, and TASK for 1D
OMHHs.

Conventional name Egzscan  Erask

Chemical formula  Eg,,

SOC
Egga E¢ea

evV) (V) (ev) (eV) (eV)
BpbmAPb;ls CoHaoplgN2O4Pb,Ss 2.94% 277 256 3.11 3.44
(HoNDIEA)PbyIs2DMF  C12H 6I35N305Pb 1.72% 052 033 044 0.88
(H,BPP)Pb,Brs C13H1sN,Pb,Brs 3.30% 221 213 257 2.94
(H2BPP)Pb,Cls C13H16N2PbyCls 3.55% 238 236 296 3.17
[(Me),- CiNaH3eAgsPbol;s 233 270 220 294 3.90
DABCO]ZAg5Pb2113
[(Me)s- CieNaH36CusPbolis 2347 2,03 159 236 2.82
DABCO]zCuspbzhs
(HDABCO);AgsClg CisH30N6AgsCls 3.05% 259 256  3.01 4.04
(DTHPE), sPbCls C,.sHsNPbCl; 3.83% 385 354 423 4.95
PDACul; C3N,H 2Culs 4.03° 245 239  3.09 3.85
C4N,H 4PbCly CsN,H;4PbCly 358" 329 286  3.64 4.82
[(H.NDIEA),Pbsl 14 CssH7s114N14Pbs 1.70° 074 053  0.97 1.10
-(DMF),]-4DMF
CsH1sN2PbCls-H,0 CsHi4N,PbCl;-H,O 353 254 181  3.05 4.18
[DMTHP]PbCl; CsHi2NoPbCls 3.77  3.69 351 417 4.68
[H.DABCO][Ag> CsHi3N2AgBr, 3.44% 262 261 3.35 4.16
Bry(DABCO)]
[H:DABCO][Ag:l4 CsHisN2Agl 2.84% 289 272 3.8 4.46
(DABCO)]
[HzDABCO]CU3BI‘5 CsN2H 14Cu;3Brs 3 .4453 1.61 1.60 2.00 2.94
[H:DABCO]Cusls CeNoH 4Cusls 320° 192  1.86 240 3.25
[DBN]PbCl; C7H13N,PbCls 3.53% 413 356 443 5.32
[N- C7HisN,Pbls 292 340 267  3.69 4.67
methyldabconium]Pbl;
[Me-MePy]Cusl; C7NH;oCuals 2852 087 074 127 1.04
[(Me),- CsNoHi;sAg,PbBrg 277 3.07  2.65  3.49 4.43
DABCO]Ag:PbBrs
[(Me),-DABCO]Cual, CsN>H 5Cualy 3273 228 224 272 3.16
CEPbBr (CICH,CH,N(CH3)  3.33% 377 3.16  4.15 5.27

3)PbBI‘3

NH;(CH;)sNH;Bils (C¢H13N),Bils 205 220 156 231 2.99
R-3-ADP-SbBrs CsH14BrsN2Sb 2477 251 228 271 3.30
R-3-HP-PbBr; R-CsH;;NOPbBr;  329%® 375  3.14  4.05 5.24
S-2-MPDPbBr;3 S-C¢Hi3HPbBr; 351 386 325 419 5.42
S-2-MPDPbI; S-CeH3HPbI3 253 338 262  3.67 4.72
S-MBABIl, S-CsHiiBilsN 1.77% 269 180  2.88 3.53
S-MBASbI, S-CsH;1SbILN 2,56 237 2,04 243 3.01
TMEDAPb,Brs CsH,6N2Pb,Brs 3.10 333 284 3.9 4.82
(2,4,6-TMP)PbBr; (CsH11N)PbBr; 347% 267 260  3.06 3.46
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(2,6-LD)PbBr; ((CH3),CsH;N)PbB 3.6 223 217 251 3.01
13
(2-PP)PbBr; (C11HoN)PbBr; 3.44% 220 212 245 2.90
(2Sprm),InCls (C4HsN,S),InCls 2.58% 215 214 246 2.83
(2cepiH)CdCls (C;HisCIN)CACl;  3.35% 427 427 5.1 6.05
(2cepyH)Pbl; (C¢H15CLLN)PbI; 2.75% 327 261 351 4.56
(4-PP)PbBr; (C11HoN)PbBr; 3429 229 222 265 3.00
(Bpeb).CdCls (C20H16N2)CdCly 2,16 168 168  1.72 2.08
(Bpeb)2Pb;Cls (C20H16N2)PbsCls 1.91 1.51 1.51 1.44 1.91
(Bpeb)2ZnCly (C20H16N2)ZnCly 2,12 166 167 171 2.07
(C12H2406)CsCuzBr3 (C12H2406)CsCu,Br  1.85% 2,19 2,17 2.58 2.97
3
(C3H,NO),SbBrs (C3H7NO),SbBrs 2.75% 257 239 272 3.36
(C3H7NO),SbCls (C3H7NO),SbCls 3219 307 287 3.6 3.99
(C4H10NO),SbCls (CsHioNO)SbCls  3.25° 339  3.17  3.61 4.50
TMGPbI; (CsH13N3)Pbl; 3.07" 343 268  3.57 4.73
(2,6—dmpz)3Pb2Br10 (C6H16N2)3Pb2BI'11 3. 1672 3.11 2.41 3.14 4.15
(C¢H1sN202)PbBr4 (CsHisN2O2)PbBrs  3.797°  2.66  2.18 292 4.07
(hep)PbBr;3 (C7H16N)PbBr4 3.10* 353 302 388 5.04
(CgHQNz)MnCh '2H20 (CgHQNz)MnCh 4.3774 3.02 3.03 3.40 4.01
-2H,0
(CoH14N)SbCly (CoH14N)SbCly 3477 368  3.56 405 4.80
(CMP)CdCls (C¢H,CIN)CdCl; 409 288 287  3.44 3.69
(Dipa)Pbl; ((CH3),CH),NH,Pb 2.64”7 328 260  3.59 4.56
I
(R-MPA),CdCls (R-CioHisN),CdCl,  4.427% 395 395 412 5.25
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