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y-butyrolactone (y-GBL) (299%), Pbl, (298%), PbCl, (299%), N,N-
dimethylformamide (DMF) (299.5%) and Dimethyl sulfoxide (DMSO) (299%) were
purchased from Sinopharm Chemical Reagent Co. LTD. CH3;NH;3l (299.5%),
CH;3NH;CI (299.5%) was purchased from Xi’an Polymer Light Technology Corp.

The CI concentrations in the starting materials are MAPb(Cl,I;); (x=0, 0.01,
0.04, 0.05, 0.06, 0.20, 0.99, 0.1). But it is difficult to achieve the doping of CI above

the composition of 0.20 (in raw solutions) into MAPbI; (x>0.20). In fact, the CI
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concentrations in the as-grown crystals are much less than in the starting solutions.
We used EDS to measure the Cl concentrations in as-grown crystals. Compared to the
initial concentration of Cl in the solution with the values of 0, 0.01, 0.04, 0.05, 0.06,
0.20, the doping concentrations of Cl in the as-grown crystals were 0, 0.0055, 0.0089,
0.0105, 0.0122 and 0.1173, respectively. The crystals could not be obtained with large
amount doping of CIl. Sometimes the solution is not stable and the mixed crystals or
meta-crystals are obtained. Table 1 shows the molar ratio of Cl in starting solution

and as-grown crystals.

Table S1 The initial molar ratio of Cl in solution and the actual molar ratio of CI in as-grown

crystals

Initial ratio | 0 0.01 0.04 0.05 0.06 0.20 0.99 1.0

Actual ratio | 0 0.0055 |0.0089 |0.0105 |0.0122 |0.1173 | 0989 |1

The lattice parameters were calculated through the refinement using the software
of MAUD. The detailed data were shown in the following Table 2. The lattice
parameters of a and ¢ decrease from CH3NH;Pbl; to CH3NH;PbCl;. The lattice strain

between CH3NH;3Pbl; to CH3;NH;3PbCl; is shown in Figure S1.
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Figure S1. The lattice strain between CH;NH;Pbl; and CH;NH;PbCls.



Table S2 The lattice parameters were calculated through the refinement using the software of

MAUD.

lattice parameters | a C

x=0 8.901 | 12.666
x=0.01 8.882 | 12.662
x=0.04 8.88 12.655
x=0.05 8.879 | 12.654
x=0.06 8.872 | 12.653
x=0.20 8.867 | 12.644

Optoelectronic Performances

The parameters of the five MAPb(Cl,I,); photodetectors were shown in Table S3.
We determined the values of rise time (1 - required time for current rising to 90%)

and decay time (Tqecay - required time for current falling to 10%).
The photoresponsivity(R) was calculated as follows,

Ilight_ldark
R= Pugne*S
where Ijigne is the photocurrent(A), Igax is the dark current(A), S is the area of

contact(cm?) and Pjigy is the incident light power(W).

specific detectivity(D) was calculated as follows,

R

Dzwlze * ]dark

Where R is the spectral responsivity(mA/W), Jq.q is the dark current(A/cm?) and e

1

is the electronic charge(C). Jones=cm*H 7z /W.



External quantum efficiency(EQE) was calculated as follows,

R * hc
EQE=¢€*1

where R is the spectral responsivity(mA/W), h represents the Planck’s constant, ¢
stands for the velocity of light(m/s), e is the electronic charge(C) and A is the
wavelength of incident light(nm).

Table S3 The parameters of the six MAPb(Cl,l;_4); photodetectors.

X x=0 x=0.01 | x=0.04 | x=0.05 |x=0.06 | x=0.20
Rise time(s) 0.65 1.47 1.14 0.66 0.51 0.65
Decay time(s) 0.15 0.65 0.17 0.16 0.16 0.17
R(mA/W) 0.025 0.125 0.825 2.575 5.725 9.525
EQE(%) 0.0057 | 0.0283 | 0.1865 | 0.5821 | 1.2942 | 2.1531
D(*x10'° jones) 0.0215 | 0.1077 |0.7108 |2.2185 |4.9324 | 8.2062
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Fig. S2. I-V characteristic of six MAPb(ClI, 4); (x=0, 0.01, 0.04, 0.05, 0.06, 0.20) photodetectors




under the illumination of (a) 489 pW/cm?, (b) 675uW/cm?, (¢) 1001pW/cm? and (d) 1609 puW/cm?.
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Fig. S3. The photocurrent response of the device with the illumination (360 nm, 489 uW/cm?
675uW/cm?, 1001pW/cm? and 1609 uW/cm?) switched on and off at different bias voltages for

four cycles.
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Fig. S4. The enlarged spectrums to distinguish the parts for crystals of x<0.2.
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Fig. S5. Time-resolved PL profiles of MAPb(I; 4Cly); under Aexe = 350 nm CW excitation (Iexe = 5

mW cm?) over the course of 60 seconds.
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Fig. S6. Time-dependent PL spectra.
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