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ABSTRACT 

     In this paper, nanoferrite (CdFe2O4-SnO2) was prepared by the auto combustion 

method (sol-gel), with weight ratios of (x = 0.0, 0.05, 0.10, 0.15, 0.20, 0.25) for 

SnO2. The properties of the nanoferrite were characterized by XRD, FE-SEM, and 

EDX techniques. The results showed that the produced compound had a cubic 

spinel ferrite phase; the crystallite size was determined using the Scherrer and 

Williamson-Hall equation. The FE-SEM image demonstrated that the compound is 

porous, with nanoscale particles that have a ball-like appearance. The EDX test 

verified the existence of Fe, O, Cd, and Sn atoms. Gas sensing showed the 

compound's high sensitivity to H2S. 

 

Keywords: NanoFerrite, Cd-ferrite, doped SnO2, Structural properties, H2S gas, 

Sensitivity 

  S2Hية واستشعار غازتركيبيودراسة خصائصه ال 2SnO-4O2CdFe فيريت السبينيل النانويحضير ت

 * 2تغريد مسلم، 1مريم اسامة 

 العرا ق ، بغداد،ابن الهيثم ، جامعة بغداد-للعلوم الصرفة كلية التربية 

 

جل( مع نسبة  -بطريقة الاحتراق الذاتي )سول 2SnO-4O2(CdFe (تم في هذا البحث تحضير نانو فيريت 
تم تحديد خصائص النانو فيريت باستخدام   SnO.2 ( من  0.25،  0.20،  0.15،  0.10،  0.05،  0وزن  ) 
تم   .EDXو FE-SEMو XRD تقنيات مكعب؛  سبينيل  فيريت  له طور  الناتج  المركب  أن  النتائج  أظهرت 

أن المركب مسامي،   FE-SEM هول. أظهرت صورة -تحديد حجم البلورة باستخدام معادلة شيرر وويليامسون 
، وأظهر استشعار  Snو Cdو Oو Fe وجود ذرات  EDX مع جزيئات نانوية ذات مظهر كروي. أكد اختبار

 . S2Hالغاز حساسية عالية للمركب لغاز
 

1. Introduction 

     Hydrogen sulfide (H2S) is an important industrial pollution gas that can seriously damage 

a person’s health [1]. It also contributes to the formation of acid rain. Therefore, there is a 

critical need to develop efficient H2S  sensors capable of continuously monitoring the 

environment [2]; they respond well to H2S gas because of their increased stability and 

inexpensive cost, which often exhibit a greater reaction to H2S at high temperatures [3], 

although, H2S is a flammable and explosive gas that can potentially identify safety problems 

at high operating temperatures [4].  
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     The chemical formula for spinel ferrite is MFe2O4, where M-denotes divalent metal ions, 

such as Cd, Mn, Co, Ni, etc. It has two sub lattices, tetrahedral A and octahedral B [5]. The 

chemical composition and structure of spinel ferrites, when transition or post-transition 

cations are present and occupy two distinct cation positions, are the most intriguing aspects of 

these materials for gas detection [6]. Since the spinel ferrites are inexpensive, have simple 

electronic structures, and are stable in thermal and chemical atmospheres, they have 

demonstrated high sensitivity for various gases [7]. Several chemical methods, including sol-

gel [8], microemulsion [9], and chemical co-precipitation [10], have been employed for the 

manufacture of ferrite nanoparticles.  

 

      Sol-gel is a commonly utilized technique to create ferrite nanoparticles. The fuel, pH, 

stirring duration, speed, metal nitrate to fuel ratio, and other factors can all have a significant 

impact on the size and characteristics of spinel ferrite nanoparticles [11]. According to the 

Fd3m space group, cadmium ferrite has a normal spinel structure [12]. In this structure, site A 

is occupied by 8M2+(divalent metallic) ions, while site B is fully filled with 16 Fe3+ ions. 

There is no inversion parameter for a normal spinel. When trivalent cations are filled at B 

sites, this type of dissemination or arrangement is referred to as normal spinel [13]; the 

spinel-type semiconductor MgFe2O4 and CdFe2O4 have demonstrated sensitivity and 

selectivity to Liquefied Petroleum Gas (LPG) and C2H2, as reported in [14]. 

 Previous studies have shown that tin ions have a positive effect on increasing the sensitivity 

of magnesium ferrite to the acetone gas [15-16]. Tin added to MgFe2O4 promotes the 

oxidation of the reducing gas and the creation of oxygen vacancies, which changes the 

electrical conductivity. The change in electrical conductivity is caused by the gas molecules’ 

chemical interaction with the oxygen absorbed on the surface of the metal oxide, which is the 

sensing mechanism for reducing gases [17]. Manikandan et al. generated nanocrystalline tin 

replacing copper ferrite (Sn0.2Cu0.8Fe2O4) by employing a co-precipitation technique. With 

90% reproducibility and high stability, the developed Sn0.2Cu0.8Fe2O4gas sensor responded to 

2 vol% LPG with 78.78%. The incorporation of tin in copper ferrite developed 

Sn0.2Cu0.8Fe2O4 gas sensor showed promising effects toward LPG at room temperature, 

indicating its potential for LPG detection in real applications [18]. 

 

     This study employs a simple sol-gel method to synthesize CdFe2O4-SnO2 nano ferrite. 

This composition was specifically selected due to its enhanced sensitivity in gas-sensing 

applications. Significant improvements in response and recovery times were found when it 

was used as a hydrogen sulfide (H2S) gas sensor. The findings and their significance for the 

advancement of gas sensors in the future are highlighted in the presentation and discussion of 

the findings. 

 

2. Experimental 

2.1. Preparation 

     The sol-gel method was used to create the CdFe2O4-SnO2 with different weight ratios of 

SnO2 (x = 0.00, 0.05, 0.10, 0.15, 0.20, 0.25). The following raw ingredients were utilized in 

the synthesis process: cadmium nitrate (Cd (NO3)2.4H2O) of 308.48g/mol molecular weight, 

tin chloride (stannic chloride pentahydrate) (SnCl4.5H2O) of 350.5984g/mol molecular 

weight, ferric nitrate (Fe (NO3)3.9H2O) of 404g/mol molecular weight, and citric acid 

(C6H8O7).  Table 1 illustrates the quantities of the basic ingredients needed to make nano-

ferrite; the following formula was used to calculate the mass of the reactants [19]: 

Wt. (g) = Mw(g/mol) x M(mol/L) x V(L)                                         (1)  

Where Wt. denotes the raw material's mass, Mw is its molecular weight, M is the number of 

moles needed to dissolve the material in one liter of solvent and V is the solvent's volume. 
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     A heat-resistant glass beaker containing 1000 mL of deionized water was filled with 

mineral nitrate. Citric acid was added to 40 ml of deionized water in a different glass beaker.      

Then, without heating, the nitrate solution and the acid solution were combined using a 

magnetic stirrer; ammonia was added in drops to the mixture to form a homogenous solution 

of pH ~7. The metal nitrates and citrate molecules undergo a combustion event that results in 

a polymer network with colloidal dimensions known as a sol [20]. The temperature reached 

80°C when the magnetic mixing heater was turned on. During the mixing process, the 

mixture was heated until a gel formed; with continued heating, the gel ignited. It was then left 

to cool and heated in the oven resulting in a powder. A manual pressing machine was used to 

press the powder at 1.5 ton/cm2 pressure. The resultant pellets, which had a 1 cm diameter 

and 2.5 mm thickness, were subsequently sintered at 900 °C for two hours. 

 

Table 1: The molar numbers (n) and mass (w) of the components utilized to prepare the 

nano-ferrite samples. 

Citric acid Tin chloride Cadmium nitrate Ferric nitrate Composition 

m(g) n m(g) Content x% m(g) n m(g) n  

23.0556 3 0 0 12.3392 1 32.32 2 CdFe2O4 

23.0556 3 0.61696 5 12.3392 1 32.32 2 CdFe2O4-SnO2 (0.05) 

23.0556 3 1.23392 10 12.3392 1 32.32 2 CdFe2O4-SnO2 (0.10) 

23.0556 3 1.85088 15 12.3392 1 32.32 2 CdFe2O4-SnO2 (0.15) 

23.0556 3 2.46784 20 12.3392 1 32.32 2 CdFe2O4-SnO2 (0.20) 

23.0556 3 3.0848 25 12.3392 1 32.32 2 CdFe2O4-SnO2 (0.25) 

 

2.2. Measurement 

     the structural and sensing properties of the resulting composites were studied using: XRD 

diffractometer (Philips PW1730) with the following features: target material (Cu), 

wavelength (Kα): λ=1.5406 Å, range (2θ): 20° to 80°, current: 40 mA, and voltage: 40 kV; 

Field Emission Scanning Electron Microscope (FE-SEM) (MIRA3 LMU) to determine 

accurate and comprehensive study of the surface topography, content, and size of the 

nanoparticles; Energy-Dispersive X-ray (EDX) analyzer to determine the percentage of each 

component that makes up the final nanocomposites.  

 

     The gas sensing system shown in Figure 1 was used to measure the sensitivity to changes 

in sample resistance when exposed to H2S gas, with measurements conducted at temperatures 

200, 250, and 300°C. The gas sensing system was used to determine the optimum operating 

temperature. 
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Figure 1: Gas sensing system [20] 

 

3. Results and discussion 

3.1 X-ray diffraction analysis 

     The X-ray diffraction pattern of the cubic spinel structure exhibited a high degree of 

crystallinity across the whole structure, as shown in Figure 2. The diffraction peak degree in 

all prepared samples and the main reflection planes (220), (311), (222), (400), (422), (511), 

and (440) that correspond to the cubic spinel structure were observed. The results agree with 

the international standard file of CdFe2O4 diffraction data card JCPDS No. (22-1063). 

 

     In addition, the X-ray diffraction patterns show some secondary peaks. The most 

prominent of these peaks is at position 24.1°, which is attributed to the α-Fe2O3 (hematite) 

phase (JCPDS No. (84-0311)). The primary reason is the oxidation of Fe3O4. Fe3O4 

(magnetite) contains both Fe²⁺ and Fe³⁺ ions. If exposed to oxygen during synthesis, Fe²⁺ 

oxidizes to Fe³⁺, forming α-Fe2O3. This is particularly common in nanoparticle synthesis, 

where high surface area makes Fe3O4 more susceptible to oxidation. Several reasons explain 

the decrease or disappearance of some peaks, including the formation of secondary phases as 

α-Fe2O3 or SnO, or a change in the crystal size and stress distribution in the crystal lattice, 

and others [21]. 

Lattice parameters were calculated using the “Match! 3” software, and the mean crystallite 

size (DSh) was calculated using Scherrer equation [22]: 

 

   DSh = 0.9λ/ β cosθ                                                    (2) 

Where λ is X-ray wavelength (1.54 Å), β is full width at half maximum, and θ is Bragg angle.  

The X-ray density (ρ) can be calculated using the following equation [23,24]: 

   ρ=8Mw /NA. a3                                                      (3) 

Where (MW) is the molecular weight, (NA) is the Avogadro number, and (a) is the constant 

lattice.  
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Figure 2: X-Ray diffraction patterns of CdFe2O4-SnO2 nano-ferrite for different weight ratios 

of SnO2. 

 

Table 2 indicates that the addition of tin to cadmium ferrite did not increase the lattice 

constant, although the ionic radius of cadmium ion (92 pm) and tin ion (122 pm) are much 

greater than the ionic radius of iron (63pm) due to the transfer of iron ions between 

octahedral and tetrahedral sites, this agrees with Ahmad et al. [25], in cadmium ferrites with 

natural spinel structure, divalent cadmium ions occupy the tetrahedral sites while trivalent 

iron ions occupy octahedral sites. However, reports of mixed spinel structures are often seen 

in nanocrystalline cadmium ferrites, with cadmium cations found in both tetrahedral and 

octahedral. The specific cation distribution influences the physical parameters of this 

semiconductor ceramic [26]. The distance between magnetic ions at the tetrahedral site (LA) 

and that at the octahedral site (LB) is determined by the hopping length [27]: 

LA =0.25a√3                                                      (4) 

LB=0.25a√2                                                       (5) 

       Tin ions can be found with a hopping length of (3.970-3.670 Å) in octahedral sites and a 

hopping length of (3.071-3.095 Å) in tetrahedral sites. The electron hopping between ion 

pairs in the octahedral and tetrahedral sites of tin ions is due to the exchange coupling 

between ions in these sites.  

     The crystallite size was determined using Scherrer relation (Eq. 2). Table 2 shows that the 

introduction of tin led to structural changes in the porosity and grain size. The granularity of 

tin-containing grains was observed to be approximately (23.07-36.24nm) [28]. 

 The grain size was computed using the Williamson-Hall equation [29, 30]   

 βhkl = (K λ/D) +4ε sinθ                                         (6)       

      Where K is constant, λ is the Cu Kα radiation wavelength, D is the average grain size, and 

ε is the microstrain. The equation was plotted with sinθ on the x-axis and β cosθ on the y-

axis, as illustrated in Figure 3, for all samples the average crystallite size and microstrain 

were obtained from the slope and y-axis intercept of the fitted line corresponding to the 

intercept Kλ/D and the 4ε, respectively. Table 2 shows that the microstrain values are 

negative for all samples except the sample CdFe2O4; this is because the introduction of tin led 

to the shrinkage of the lattice with a decrease in the lattice constant. It is observed that the 

lattice constant did not rise linearly as predicted by Vegard law when the weight ratio of tin 

increased because of defects in magnetic nano oxide structure; oxygen vacancies, lattice 

distortion, local disturbances, and rotational deviation can alter the bond length by 

influencing the ions equilibrium locations inside the spinel structure [19, 31]. 

20 30 40 50 60 70 80

*α-Fe2O3

(222)
(220)

(440)
(311)

(400) (422)
(511)

x=0

x=0.05

x=0.10

x=0.15

x=0.20

x=0.25

2θ (degree)

*(012)



Alkareem and Al-Saadi                                            Iraqi Journal of Science, 2026, Vol. 67, No. 6, pp: 3410-3423 

 

3415 

Table 2: Lattice constants, density and crystallite size of CdFe2O4-SnO2 nano-ferrite 
Hopping 

length LB 

(Å) 

Hopping 

Length 

LA (Å) 

Microstrain        

10-3 

D Williamson-

Hall (nm) 

D Scherrer 

(nm) 

Density 

(g/cm3) 

Lattice 

constant 

(Å) 

X 

(SnO2 

Content) 

3.081 3.773 8.865 17 26.48 5.783 8.7153 0 

3.071 3.762 -6.488 6.3 25.51 5.836 8.6883 0.05 

2.997 3.670 -5.475 8.7 36.24 5.909 8.4770 0.10 

3.076 3.767 -3.35 10.8 28.33 6.249 8.7003 0.15 

3.078 3.770 -2.535 12.70 23.07 6.210 8.7069 0.20 

3.095 3.790 -10.543 4.3 28.94 5.782 8.7541 0.25 
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Figure 3: Williamson-Hall analysis of CdFe2O4-SnO2 nanoparticles 
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      Using the Scherrer and Williamson-Hall methods, a comprehensive assessment of crystal 

size can be obtained, which helps ensuring the accuracy of the results and provides a deeper 

analysis of the structural properties. The Scherrer method relies on measuring the peak width 

in the spectrum and gives a direct estimate of the crystal size through the peak width. The 

Williamson-Hall method considers the effect of internal and microscopic distortions, which 

makes it more accurate and helps in understanding the relationships between crystal size and 

structural defects. 

 

3.2. Morphological analyses 

     Images of CdFe2O4-SnO2 (x = 0.0, 0.15, 0.25) nanoparticles’ surface morphology are 

displayed in Figure 4. These images proved that the prepared samples were mostly spherical 

on the nanoscale. The structures described in this work have tiny grain sizes and porosity, 

which increases the sample’s specific surface area to be suitable for gas sensing applications 

[32, 33]. When specific clusters or accumulations are present, the porous quality of the 

substance’s surface, required for gas adsorption, is represented by the voids that exist 

between the region’s agglomerations or conglomerates [34]. Figure 4 displays the synthesized 

samples’ grain size distribution, which was calculated statistically using the lognormal 

distribution based on the scanning electron microscope (FE-SEM) image. It demonstrated 

that the sample’s particle size varied between 38.83 to 74.17 nm. In contrast to the crystal 

sizes found in the XRD pattern, there are some agglomerations in different places that 

resulted in the higher particle sizes in nanoferrites caused by Van der Waals forces and 

magnetic dipole interactions, which are rather strong interactions between magnetic particles 

[35].  

 

 

 
Figure 4: FE-SEM of CdFe2O4 - SnO2 ferrite nanoparticles samples. 

 

3.3. Elemental analysis 

     The EDX analysis of CdFe2O4-SnO2 nanoferrite is displayed in Figure 5 and Table 3. EDX 

examination of this spectrum verified the existence of Fe, Cd, Sn, and O components; by 

measuring the energy difference between the outer shells and the atomic structure of the 
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element [36], no other components or impurities were found. This validates the generated 

samples’ purity, which is supported by the XRD data. This is because the spontaneous 

combustion method is very effective [37]. 

 

 

 
Figure 5: EDX of the nanoferrite samples CdFe2O4-SnO2 

 

Table 3: The weight and atomic ratios of the elements present in the prepared samples 

Sample Element Energy (keV) Line Type Wt% Atomic% 

 

CdFe2O4 

O 0.525 Kα 24.30 55.48 

Fe 6.405 Kα 60.54 39.59 

Cd 3.133 Lα 15.16 4.93 

Total   100.00 100.00 

Sample Element  Line Type Wt% Atomic% 

 

CdFe2O4-SnO2(0.05) 

O 0.525 Kα 17.28 49.59 

Fe 6.405 Kα 40.33 33.17 

Cd 3.133 Lα 38.51 15.74 

Sn 3.444 Lα 3.88 1.50 

Total   100.00 100.00 

Sample Element  Line Type Wt% Atomic% 

CdFe2O4-SnO2(0.25) 

O 0.525 Kα 25.52 61.80 

Fe 6.405 Kα 36.27 25.16 

Cd 3.133 Lα 30.55 10.53 

Sn 3.444 Lα 7.66 2.50 

Total   100.00 100.00 
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3.4. Sensing Properties of CdFe2O4-SnO2 nano-ferrite 

     The sensing of hydrogen sulfide gas (H2S) works by its reaction with adsorbed oxygen, 

which releases electrons back into the sensing material. This reaction occurs when the sensor 

(ferrite compound) is exposed to the reducing gas. The trivalent cation M+3 undergoes a 

reduction process that turns it into the bivalent cation M+2, as shown by the following 

equation [38].                      

M+3 + e-  →M+2                                                                  (7)  

 

     This will result in a decrease in the voltage barrier area (electron depletion area), a 

decrease in the resistance to the flow of electrons, and thus greater freedom for electrons to 

move and an increase in the conductivity of the sensor. Figure 6 shows the electron depletion 

zone, where controlling this region can lead to significant improvements in conductivity. 

 

 
Figure 6: Schematic diagram of the mechanism sensing n-type metal oxide for reducing gas 

The definition of the sensor response (S) is the ratio of the resistance change (Rg-Ra) with the 

air sensor resistance (Ra) following exposure to the goal analytics. 

S= (|Ra-Rg|) / Rg x 100%                                        (8) 

     Where Ra and Rg denote the sensor’s resistances in air and analyte gas, respectively. To 

evaluate the response and recovery time, the sensor's time was set to achieve 90% of the total 

change in resistance from its initial resistance [39, 40] .The sensitivity of CdFe2O4-SnO2 to 

reduce the (H2S) gas was investigated at various operating temperatures (200-250-300°C), as 

shown in Figure 7 and Table 4. 
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Figure 7: The sensitivity versus operating temperature of CdFe2O4-SnO2 sample. 

Table 4: The maximum sensitivity values for the CdFe2O4 -SnO2 samples and it is 

noteworthy that the maximum sensitivity value was at 300°C. 

Highest sensitivity value (%) Operating Temperature x Content 

281 250°C-300°C 0 

51.544 250°C 0.05 

352.380 200°C 0.10 

406.429 300°C 0.15 

7.193 200°C 0.20 

9.88 300°C 0.25 

 

     The characteristics of the gas sensors showed that the operating temperature and SnO2 

concentration affect the sensitivity to H2S gas. Tin is a well-known additive that is highly 

effective at activating and promoting the surface reaction process of gas-sensing materials, 
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thus improving their performance [41]. This is attributed to the fact that tin contains a d10 

electronic configuration and double valence state; the presence of these electrons in the d 

level can contribute to improving electrical conductivity, which enhances tin's ability to 

interact with electric fields, which is useful for improving sensing [20]. As for the samples (x 

= 0.05, 0.20, 0.25) the addition of tin decreased the sensitivity, which may be due to the low 

density of active sites on the surface and lower probability of forming pairs of electrons and 

holes, thus reducing the interaction with gas molecules.  
For gas sensing, response and recovery times are particularly critical. Figure 8 and Table 5 

show the results of the response and recovery times of the nanoferrite CdFe2O4 -SnO2 when 

exposed to hydrogen sulfide gas (H2S), the effect of response and recovery times on operating 

temperature, and the addition of impurities. The sample (x = 0.15) had short response and 

recovery times (8.1- 42.3s) at 200°C-250°C. This can arise from the reality that the sample 

has a small grain size and high porosity, which means a more active surface toward hydrogen 

sulfide gas. This led to an increase in oxygen flow during the preparation of the sensor 

samples, which led to a reduction in oxygen absorption on the surface and the extraction of 

conductive electrons from the region near the surface, which led to the formation of a surface 

layer free of electrons [42]. 

150 200 250 300 350

15.5

16.0

16.5

17.0

17.5

18.0

18.5

Operation Temperature ( °C)

R
e
c
o

v
e
ry

 T
im

e
(S

)

R
e
s
p

o
n

c
e
 T

im
e
 (

S
) X=0

90

100

110

120

130

140

150

 

150 200 250 300 350

0

5

10

15

20

25

30

Operation Temperature (°C)

R
ec

ov
er

y 
Ti

m
e 

(S
)

R
es

po
nc

e 
Ti

m
e 

(S
)

X=0.05

0

10

20

30

40

50

60

70

 

150 200 250 300 350

0

5

10

15

20

25

30

Operation Temperature ( °C)

R
ec

o
ve

ry
 T

im
e 

(S
)

R
es

p
o

n
ce

 T
im

e 
(S

)

X=0.10

0

10

20

30

40

50

60

70

80

 

150 200 250 300 350

0

5

10

15

20

25

30

Operation Temperature ( °C)

X=0.15

R
ec

ov
er

y 
Ti

m
e 

(S
)

R
es

po
nc

e 
Ti

m
e 

(S
)

0

10

20

30

40

50

60

70

80

90

 

150 200 250 300 350

0

5

10

15

20

25

30

Operation Temperature ( °C)

X=0.20

R
ec

o
ve

ry
 T

im
e 

(S
)

R
es

p
o

n
ce

 T
im

e 
(S

)

52

54

56

58

60

62

64

66

 
150 200 250 300 350

22.0

22.5

23.0

23.5

24.0

24.5

25.0

Operation Temperature ( °C)

X=0.25

R
ec

o
ve

ry
 T

im
e 

(S
)

R
es

p
o

n
ce

 T
im

e 
(S

)

45

46

47

48

49

50

 
Figure 8: The relationship between H2S gas response and recovery times at operating 

temperature for CdFe2O4 -SnO2 samples: response time is shown by the blue line, while 

recovery times are shown by the red line.   
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Table 5: Minimum response and recovery time for CdFe2O4-SnO2 samples to H2S gas. 
Operating 

Temperature (°C) 

Minimum Recovery 

Time (S) 

Operating 

Temperature (°C) 

Minimum Response 

Time (S) 

Content 

x 

250°C 97.2 250°C 16.2 0 

250°C 47.7 250°C 18 0.05 

300°C 45 250°C 12.6 0.10 

250°C 42.3 200°C 8.1 0.15 

300°C 54 300°C 16.2 0.20 

250°C 46.8 200°C 23.4 0.25 

 

4. Conclusion 

     The nano ferrite CdFe2O4 -SnO2 was prepared using a simple, spontaneous combustion 

(sol-gel) technique.  X-ray diffraction analysis confirmed the formation of the single-phase 

cubic spinel structure. Confirmation was obtained for the formation of a single-phase cubic 

spinel structure. Using Scherrer and Williamson-Hall analysis, the grain size of the nanoscale 

was determined. Based on the scanning electron microscope image, the produced samples 

were mostly spherical. The structures mentioned in this work are appropriate for gas-sensing 

applications. The results of gas sensing measurements showed that the nanoferrite showed 

good sensitivity to H2S at different operating temperatures.  The sample (x=0.15) recorded 

the maximum sensitivity at 300°C with minimum response time at 200°C and minimum 

recovery time at 250°C, which means the nanoferrite CdFe2O4 -SnO2 sensors are promising 

materials for sensing hydrogen sulfide H2S. 
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