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ICP-MS sample preparation methodology 

The preparation protocol for the semiconductor industry requires strict cleanliness to 

produce detector-grade materials.1 This means that any analytical methodology used to determine 

purity levels in the high-purity chemicals used to manufacture devices must be as clean as possible. 

Arguably, collecting a solid sample, preparing it, and getting it into solution represents the most 

crucial steps in the overall ICP-MS analytic methodology because of potential sources of 

contamination (dust, contamination from addition containers etc.).2 CsPbBr3 powder was ground 

with a clean mortar and pestle made from diamonite to ease dissolution and to homogenize the 

solution. Because the sample is solid, a straightforward acid dissolution method was desirable over 

more complex and time-consuming ashing procedures. Digestion with nitric acid (HNO3) was 

primarily used because the interferences generated by HNO3 are typically less severe than those 

of other acids. Moreover, ICP-MS typically gives a better sensitivity in a dilute nitric acid matrix 

compared to other acids like HCl.2 Deionized Milli-Q H2O was used to provide an ion-free and 

organic matter-free medium. Well characterized calibrations standards were important to get the 

best instrument calibration possible, which improves the precision. This explains why we used 
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calibration standard specifically made for a multielement technique like ICP-MS. It was also 

important to avoid extrinsic impurities like Si, Na, Ca, Mg or Al from containers and vessels. 

Sample preparation was performed with PFA/Teflon because it contains smaller amounts of trace 

elements in comparison to other commonly used plastics. PFA vessels are also hydrophobic, inert 

to strong acids like HCl, HF and HNO3, and can be heated up to high temperatures (200 ̊ C) without 

melting.3 It was important to do all the sample preparation in a controlled environment (metal free 

class 100 clean laboratory) to ensure minimal contamination from dust and human interaction. 

Common sources of contamination found in and around the human body (e.g. Jewelry) were 

strictly minimized to reduce the introduction of impurities (e.g. Zn, Cu, Ca etc.). Although the 

developed protocol is still to be improved, we were able to consistently detect a wide range of 

elements with low detection limits.

Table S1. ICP-MS operation condition

Spectrometer Thermo Scientific ELEMENT XR HR-ICP-MS
RF Power 1200 W
Aux gas 0.950 to 1.050 L/min (adjusted daily)
Sample gas 0.900 to 1.050 L/min (adjusted daily)

Cool gas 18 L/min
Torch position and focus lens settings adjusted daily
Tuning (monitored mass 254 (U238O16) to U238 

ratio): < 5 %.
Medium resolution > 4000
High resolution > 10000
Sample and Cones Ni sample and skimmer cones



Table S2. Sample weights in each increasing volumes of doped solutions.

Volume of doped solution 

(μL)

Sample (g) Sample with 2% HNO2 (g)

0 0.545 ± 0.001 18.941 ± 0.002

100 0.100 ± 0.001 6.756 ± 0.001

200 0.097 ± 0.001 9.516 ± 0.001

400 0.392 ± 0.001 18.344 ± 0.002

600 0.124 ± 0.001 11.198 ± 0.001

800 0.426 ± 0.001 19.537 ± 0.002

Table S3. Summary of linear relationship between recovered concentration and exact doped 

concentration for ten elements. 

Elements Linear equation x, y 
(μg/g)

Range (μg/g) Correlation 
coefficient (R2)

Zn y = 0.1917x + 0.2899 0.26-1.34 0.9441

Ga y = 1.2842x + 1.1382 1.07-15.22 0.9937

Mn y = 0.1108x - 0.0528 0.08-1.38 0.9883
Tl y = 0.1674x + 0.3103 0.05-1.60 0.9019

Bi y = 0.9044x + 4.4246 2.82-11.84 0.9888

As y = 0.1299x - 0.3692 0.17-0.71 0.9951

In y = 0.1768x - 0.062 0.05-1.45 0.9942

Sn y = 0.0014x - 0.1493 0.04-1.12 0.9116

Ni y = 0.1325x + 0.4002 0.52-1.47 0.9921

Sb y = 0.1455x - 0.085 0.0005-1.098 0.9724



Distribution coefficient (Kd)

Definition: Ratio of concentration of an element in solid phase over liquid phase

Kd = Concentration of solid sample/ Concentration of dissolved sample

Kd of each element was calculated as average of distribution coefficients from doped solution 

volume (100, 200, 400, 600, 800 μL). Uncertainty on Kd was calculated from standard deviation 

of each element.

Sample preparation for zone refining

A quartz with outer diameter 12 mm and 35 mm long was 2/3 filled with CsPbBr3. It was kept 

under dynamic vacuum at 120°C for an hour, and the temperature was raised to 560°C at the rate 

of 3°C/min under continuous flow of H2 gas. It was hold at this temperature for an hour, then 

slowly cooled to room temperature. After the sample was removed from the supply of hydrogen, 

a 5 cm long solid quartz was inserted, which lies at the top of the sample. The sample tube was 

sealed around a small part of solid quartz plug, kept under vacuum of 5.6×10-4 mbar. The sealed 

tube was taken for horizontal zone refining process.

Zone refining process

Above sample tube was placed in 10cm long horizontal furnace having slope of 10°.  The length 

of heated zone above the melting point of the sample is 7cm. The furnace was moved to purify the 

sample for 5 times, first 2 sets at the rate of 20mm/h, second two sets at 5mm/h, and finally at 

2mm/h at 560°C. The final shape of the sample was semi-circular. The samples named “Tip”, 

“Middle” and “Heel” refer to the first 1-3 cm, 4-10 cm and 10-17cm, respectively, from the very 

right side of the ingot, as shown in Figure S1.



Figure S1. Picture zone-refined CsPbBr3 sample (~19 cm long). 

Table S4. Summary of distribution for impurity concentration not clearly segregated using zone 

refining. 

Zonal Impurity concentration (μg/g)
Elements

Tip Middle Heel
109Ag <5.9 × 10-5 <5.9 × 10-5 0.403 ± 0.044
138Ba 0.364 ± 0.022 0.051 ± 0.005 0.161 ± 0.006
209Bi 3.53 ± 0.16 3.84 ± 0.13 2.20 ± 0.07
112Cd
65Cu

0.006 ± 0.004

0.027 ± 0.001

<1.07 ×10-5 

0.015 ± 0.007

<1.07 × 10-5

0.098 ± 0.013
56Fe 0.738 ± 0.077 0.030 ± 0.024 0.088 ± 0.015
71Ga 0.003 ± 0.001 <1.7 × 10-5 <1.7 × 10-5

39K 4.64 ± 2.17 <1.3 × 10-3 <1.3 × 10-3

139La <2.6 × 10-6 0.004 ± 0.001 <2.6 × 10-6

55Mn 0.022 ± 0.005 <8.8 ×10-6 0.016 ± 0.002
105Pd 0.218 ± 0.071 <1.8 × 10-5 <1.8 × 10-5

118Sn 0.005 ± 0.001 0.012 ± 0.003 0.006 ± 0.001
203Tl 0.549 ± 0.070 0.603 ± 0.074 0.346 ± 0.040
68Zn 0.074 ± 0.046 0.056 ± 0.033 0.088 ± 0.032
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