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ABSTRACT 

Silver oxide (Ag2O) nanoparticles loaded on MCM-41 mesoporous silica were synthesized by the 
impregnation-evaporation method. The structural characterization was investigated by transmission electron 
microscopy  (TEM), X-ray diffraction (XRD) and Fourier transforms infrared (FTIR). The prepared materials were 
used for removal of methylene blue and brilliant green dyes from aqueous medium considering the effect of 
adsorbent dosage, pH, shaking time and initial dye concentration. The results showed that adsorption capacity 
of Ag2O/MCM-41nanoadsorbent higher than pure MCM-41. The best results were obtained with 25% 
Ag2O/MCM-41 which shows higher adsorption activity. The adsorption was found to follow the pseudo –second 
order adsorption kinetic model and fitted with Langmuir adsorption isotherm. 
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INTRODUCTION 

Mesoporous silica (MCM-41) has a more significance impotence due to its large surface area, non-
toxicity, high biocompatibility, inert framework and large pore volume [1].Therefore, it is used in many potential 
applications such as heterogeneous catalysis [2, 3], drug delivery [4-6], antibacterial applications [7], removal of 
pollutants from aqueous solutions [8], and photocatalytic activity [9]. The MCM-41 has a hexagonal shape with 
diameter from about 2 to 50nm. Pure-MCM-41 has a porous structure but with small activity due to inactive 
nature of silica. However, the metal or metal oxide modified MCM-41 mesoporous possesses large surface area, 
surface active sites and advanced adsorption capacity [10]. Classical methods for removal of dyes from aqueous 
solution involve adsorption on solid surface, oxidation, chemical coagulation, biological treatment, flotation and 
filtration. The adsorption is one of the most efficient isolation methods in removal of dyes and heavy metals, 
besides offering the possibility for regeneration, recovery, and recycling of the adsorbing materials [11-13]. The 
removal of dyes from aqueous solution is a very complex problem because of the extensive range of dyes 
properties and because of non-bio degradation nature of most dyes [14]. Adsorption has been found to be more 
excellent method for dyes removal compared with other methods because of its simple design, low operating 
cost and insensitivity to a toxic substance [15]. Activated carbon is extensively used as adsorbent due to its great 
adsorption capabilities for adsorption of large groups of organic compounds, but the cost of activated carbon is 
comparatively high and its regeneration is difficult, which limits its usage in dyes adsorption [16]. In recent 
decades, development of a modern adsorbent such as modified MCM-41, which has developed properties such 
as high adsorption capability, fast removal take attention from authors [17]. Brilliant green (BG) and Methylene 
blue (MB) dyes have been studied in many recent articles. MB or BG have been recommended as one of the 
most selected dyes due to many advantage, it can be readily obtained purely, easily adsorbed by most surfaces 
in the form ionic micelles of known aggregation number and chemically stable [18, 19] . 

 
 In the present study, silver oxide nanoparticles embedded MCM-41 with different silver oxide 
nanoparticle ratio were produced and used as adsorbents for removal of methylene blue and brilliant green 
from water and different application conditions were considered including, effect of pH, shaking time, adsorbent 
dosage and initial dye concentration. 
 

MATERIALS AND METHODS 

Materials  

 Tetraethylorthosilicate (TEOS), NH4OH, cetyltrimethylammoniumbromide (CTAB),   silver nitrate, 
methylene blue and brilliant green were purchased from Alfa-Aeser and used without further purification.  

Preparation of solid adsorbents: 

Preparation of MCM-41: 

 MCM-41 was prepared according to the original method that proposed by Beck et al. [18]. 2.0 g 
cetyltrimethylammoniumbromide (CTAB) was added to 100 mL of distilled water with stirring until a clear 
solution, then we added 12.5 mL ammonium hydroxide solution (33 wt. %). The addition of ammonium 
hydroxide solution results in a sufficiently basic solution with a pH of about 13. After vigorous stirring for about 
30 min, we added 10.0 mL of TEOS. A thick white solution is formed which generally necessitates manual stirring 
to ensure adequate gel homogeneity. The product filtered, washed with distilled water and dried at 120 oC. The 
products recovered was washed thoroughly with distilled water to ensure the removal of excess CTAB and 
ammonia. The result is a fluffy, white powder. Is dried overnight at 120 °C the mole product of the gel mixture 
was CTAB: TEOS: NH4OH: H2O = 0.22: 1.04: 1.39: 44.4 From the catalyst without being so harsh as to destroy the 
mesoporous silica skeleton. Samples are calcinated at 550 °C at the rate of 5 °C/ min. for six hours.  

Preparation of Ag2O/MCM-41: 

 Ag2O nanoparticles was embedding into the pores MCM-41 nanocrystals by impregnation-evaporation 
method [20]. Suspension 0.5g MCM-41 in 100 mL distilled water then AgNO3 was added to the suspension. The 
suspension of MCM-41-AgNO3 was stirred in a water bath at 100 ºC till solvent was evaporated. The produced 
material was filtered and washed with distilled water, then dried at 100 ºC for 12 h and then heated for 2 h at 
550 ºC.  
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Characterization  

 X-ray diffraction patterns was performed using PW 150 (Philips) using Ni-filtered Cu Kα radiation in the 
2θ ranges of 1-10º (low angle) and 10º-80º (wide angle). FTIR spectra of prepared samples were scanned in KBr 
pellets, transmission spectra are measured in the range of 4000-400 cm-1. TEM images were carried out using a 
Philips CM120 Biotwin electron microscope operating at 120 KV, the specimens were dispersed in isopropanol 
and dropped on a carbon-coated microgrid. 

RESULTS AND DESICCATION 

Characterization of solid adsorbents 

X-ray diffraction patterns 

 Small angle XRD pattern of MCM-41 calcined at 550 oC is shown in Fig. 1. The well-defined XRD patterns 
were indexed based on three Bragg peaks, which were in hexagonal lattice system, characteristic of MCM-41 
structure. The X-ray patterns of MCM-41 showed typically one to three reflections between 2θ = 2º to 5º. The 
reflection plane (100) at 2θ = 2.3º is due to the hexagonal array of parallel silicas tubes, while other two reflection 
planes (110) and (200) at 2θ = 4.0º and 4.8º due to the highly ordered arrangement of hexagonal arrays [21]. 
 
 Fig. 2 represents samples containing 10, 25 wt. % Ag2O calcined at 550 ºC and 25 wt. % Ag2O calcined 
at 700 ºC. The XRD patterns of Ag2O/MCM-41 demonstrate the typical Bragg reflection of the mesoporous MCM-
41 material with a hexagonal array which is evidenced by the diffraction peaks at 2θ = 2.3º, 4.0º and 4.8º 
assignable to the (100), (110) and (200) silica planes, respectively [22]. This phenomenon shows that mesoporous 
building of MCM-41 is structurally unaffected after modification.  In another word, the pore structure of MCM-
41 was not destroyed during metal incorporation processes. The main difference between pure MCM-41 and 
Ag2O/MCM-41 with different ratio of Ag2O is the intensity of Ag2O/MCM-41 diffraction peaks were decreased 
slightly with increasing the Ag2O content because of pores filling of the host substance.  

 The wide-range XRD patterns were obtained by scanning the samples from 10° to 80° as presented in 
Fig. 3, which exhibits a number of peaks at 2θ = 37.4° (111), 44.1° (200), 63.9° (220) and 75.9° (311) where, the 
intensity of peaks are increased by the increase in the amount of Ag2O content. The increase in Ag2O ratio 
resulted in an increase in the degree of crystallization that can be noticed from the increasing of peak intensities 
(as shown in Fig. 3). Figure 4 shows the effect of calcination temperature on X-ray diffraction pattern for 25 wt. 
% Ag2O/MCM-41. When the calcination temperature increases to 700 oC, the peak intensities are decreased, 
which may be due to the partially loss of Ag2O loaded MCM-41 [22, 23]. 
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Fig. (1): small angle XRD patterns of Pure MCM-41. 
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Fig. (2):small angle XRD pattern of (a) Pure MCM-41, (b), (c) 10, 25 wt. % Ag2O/MCM-41(550ºC) (d) 25 wt. % 
Ag2O/MCM-41(700ºC). 
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Fig. (3):Wide angle XRD pattern of (a) Pure-MCM-41 (b), (c) 10, 25 wt. % Ag2O/MCM-41(550ºC). 
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Fig. (4): High angle X-ray diffraction pattern of different calcination temperature (a) 25 wt. % Ag2O/MCM-
41(550ºC) and (b) 25 wt. % Ag2O/MCM-41 (700ºC). 

 

Transmission electron microscopy (TEM) 
 

Pure-MCM-41                                                          25 wt.% Ag2O/MCM-41 

 

Fig. (5):  TEM images of the pure-MCM-41 and 25 wt. % Ag2O/MCM-41. 
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TEM images show that samples composed of amorphous silica, it shows an ordered structure with 
constant mesoporous arranges into hexagonal, honey comb-like lattice as shown in Fig. 5. The samples show 
regular pore size nearly 25 nm. TEM image of samples displays the existence of nanosized spherical particle and 
hexagonal array. The development of MCM-41 particles depends on the length of silicate rod-like micelles, which 
determined by the type of base used (ammonium hydroxide) which favour longer micelles, whereas, sodium 
hydroxide media favour shorter micelles [22, 24]. 

 Fig. 5 displays TEM images of the morphology and microstructure of nanoadsorbent Ag2O/MCM-41. 
The results show that irregular and similar sphere particles, with nanosize, nearly14-20 nm and the degree of 
crystallinity of the sample increased with content to 25 wt. % nano Ag2O loaded on MCM-41. The number of 
black spots in the Figure (referred toAg2O nanoparticles). The sample of 25 wt. %   nanoadsorbent shows an 
enhanced crystallinity with the crystallite size ranging from 13-25 nm, which is in accordance with the results of 
X-ray diffraction [21]. 

Fourier transforms infrared Spectroscopy (FTIR). 

 Fig. 6 shows the spectra of pure MCM-41, 4, 10, 17, 25 and 35 wt % Ag2O/MCM-41 samples calcinated 
at 550 oC in the region of 4000- 400 cm-1. Absorption peaks at 1635 and 3463 cm-1 attributed to bending and 
stretching vibrations of the adsorbed water molecules, respectively. The strong vibration band at 1080 cm-1 in 
pure MCM-41 assigned to asymmetric stretching of Si-O-Si and shifted to 1089 cm-1 in case of Ag2O/MCM-41 
due to incorporation of Ag2O in MCM-41 pores. The Si-O-Si from MCM-41 is observed at 1080- 1250 cm-1, while 
the band at 802 and 1089 cm-1 in case of Ag2O/MCM-41 samples attributed to symmetric and asymmetric 
stretching vibration of the Si-O bond, respectively. The band at 464 cm-1 indicates the bending vibration of Si-O-
Si, and band at 960 cm-1 is due to the Si-O-Ag stretching vibration polarized or free vibration of the Si-OH band. 
The band at 960 cm-1 in Ag2O/MCM-41 samples is high intense as compared to the peak in pure MCM-41. The 
peaks at 805 cm-1 in Ag2O/MCM-41 samples is more broad and intense. The peak at 960 cm-1 in Ag2O/MCM-41 
is more intense and due to the Si-O-H vibration compared to MCM-41. This indicates that nanoAg2O is bonded 
to silica by Si-O-Ag bond [22, 25-27]. 
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Fig. (6):  FTIR spectra of  (a) pure MCM-41  (b) 4%, (c) 10%, (d) 17%, (e) 25% and (f) 35 wt. % Ag2O loaded on 
MCM-41. 

Fig. 7 displays the effect of calcination temperature on the FTIR spectra of 25% Ag2O/MCM-41. When 
the calcination temperature increases to 700 oC, the intensities of the bands at 3454 and 1636 cm-1 are decreased 
while the shoulder at 960 cm-1 is disappeared, this is may be due to the loss part of Ag2O loaded on MCM-41. 



     ISSN: 0975-8585 

March – April  2017  RJPBCS  8(2)          Page No. 2610 
 

4000 3500 3000 2500 2000 1500 1000 500

 

%
 tr

an
sm

itt
an

ce

Wave numbers, cm-1

(a)

 
(b)

 

 

 

Fig. (7): FTIR spectra of 25 wt. % Ag2O/MCM-41 calcined at (a) 550oC and (b) 700oC 

Adsorption of methylene blue and brilliant green dyes 

Effect of pH on the adsorption of dyes 
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Fig. (8): Effect of pH on removal of (MB) on 25 wt. % Ag2O/MCM-41. 

Fig. 8 shows the role of pH on the removal of methylene blue dye by 25 wt. % Ag2O/MCM-41. Evidently, 
a successive increase of adsorption of MB was observed with the increase of pH from 2.0-10.0.  The removal of 
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methylene blue dye by nanoadsorbent is affected by the characteristic of the Ag2O/MCM-41 surface and 
structure of dye molecular.  Considering the effect of dye solution pH, one can assume adsorption of MB 
decreases at acidic pH is may be attributed to the existence of excess H+ ions competing with the cation groups 
on the MB dye for adsorption active sites. The adsorption can also be described based on an electrostatic 
interaction among the ionic dye molecules and charged substance [28].   

Effect of adsorbent dosage  

 The removal of (MB) and (BG) dyes by Ag2O/MCM-41 nanoadsorbent were studied by changing the 
weight of adsorbent (0.01, 0.03, 0.05, 0.07 and 0.1g) with keeping pH value of 8.0, initial dyes concentration 100 
mg/L, and 50 mL of adsorption solution for 240 min. The effect of adsorbent dosage on the removal of dyes is 
show in Fig. 9. The results reveal that the adsorption percentage removal increased from 58.39 to 92.97% for 
MB dye and the adsorption percentage removal increased from 55.64 to 88.56% for BG dye with increasing the 
nanoadsorbent weight from 0.05 g to 0.1g, respectively. The maximum adsorption efficiency was confirmed for 
MB and BG adsorption at 0.1g of adsorbent. It may be due to the large surface area of Ag2O/MCM-41[29- 35]. 
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Fig. (9): Effect of the adsorbent dosage on removal of dyes on Ag2O/MCM-41. 

 

Effect of calcination temperature  

 The influence of calcination temperature of Ag2O/MCM-41 on adsorption of MB and BG dyes (300, 400, 
550 and 700ºC) were investigated and displayed in Fig. 10. The results showed that the adsorption of MB and BG 
dyes for all samples at 550 ºC was the best adsorption performance, and results showed that 25 wt. % 
Ag2O/MCM-41 nanoadsorbent sample have the highest adsorption capacity. The decrease in the rate of removal 
of the dyes at calcination temperature 300 and 400ºC may be due to the presence of a small residual quantity 
of template on the surface of the catalyst. While the lower adsorption efficiency using adsorbent prepared at 
700ºC is attributable to loss part of silver oxide at high calcination temperature. 
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Fig (10): The % removal of dyes by 25 wt. % Ag2O/MCM-41 at 300, 400, 550, and 700ºC. 

Effect of initial concentration 

 The effect of initial concentration of MB and BG dyes was studied in the range of 25- 300 mg/L at pH 
value of 8.0 and 50 mL of adsorption solution volume, and 0.05 g adsorbent for 240 min.  Figure 11 shows the % 
removal of MB and BG dyes. From Fig.11, an increase in initial dye concentration is accompanied with observable 
decrease in adsorption capacity, which may be realated to the saturation of the available active site with the 
increase of the initial concentration of dyes [36-38]. 
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Fig (11): Effect of initial dyes conc. on removal of MB and BG dyes on 25 wt. % Ag2O/MCM-41. 
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Langmuir adsorption isotherms 

 Linear adsorption models were fitted to calculate the adsorption parameters such as Langmuir and 
Freundlich equations (equation 1, 2, respectively) [38-43] 
 

𝐂𝐞

𝐪𝐞

=
𝟏

𝐊𝐋𝐪𝐦

+
𝐂𝐞

𝐪𝐦

                                                                                                        (𝟏) 

 
Where qe is the adsorption capacity (mg/g), qmax the maximum monolayer adsorption capacity of the adsorbent 
(mg/g), Ce the equilibrium dye concentration in the solution (mg/L), and KL is Langmuir adsorption constant 
(L/mg)  which is related to the heat of adsorption. Fig.13 shows the linear Langmuir plot. One of the important 
characteristics of the Langmuir isotherm can be exhibited by a dimensionless separation factor, RL; which is 

defined as 𝐑𝐋 =
𝟏

𝟏+𝐊𝐂𝟎
, Where Co is maximum initial solute conc. and the RL value indicates whether the 

adsorption is unfavorable (RL> 1), linear (RL = 1), favorable (0 < RL< 1), or irreversible (RL = 0). It was observed 
that the obtained RL values in the range 0.0147 – 0.0386 for MB and BG, respectively indicating that the removal 
of MB and BG on Ag2O/MCM-41 nanoadsorbents are favourable.  
 
Freundlich adsorption isotherms 

The following equation is the linearsed Freundlich plot form [33, 44]: 
 

𝐥𝐨𝐠 𝐪𝐞 =
𝟏

𝐧
𝐥𝐨𝐠 𝐂𝐞 + 𝐥𝐨𝐠 𝐊𝐅                                                                                          (𝟐)  

 
Here, KF and n are Freundlich constant related to removal rate and adsorption intensity, respectively. In general, 
n > 1 shows that adsorbate is favorably adsorbed on the adsorbent while n < 1 proves the adsorption process is 
chemical in nature.  
 
 The plot of ln (qe) against ln (Ce) gave a straight line with a slope of 1/n and intercept of ln KF. Figure 14 
shows satisfactory linear plots indicating the fitting of MB and BG adsorption data to the Freundlich equation. 
The Freundlich constants determined from linear Freundlich plots, together with corresponding values of 
correlation coefficient values (R2) are listed in the Table 1. The n values were found to be about 3.16 and 2.41 
for MB and BG, respectively, which show that the adsorption is favourable and the process is physical in nature. 
Based on the obtained correlation coefficient values (R2), it has been concluded that Langmuir model gives 
improved fitting result than Freundlich model Also the values of qmax and Langmuir constants determined by the 
application of the Langmuir model are included in the Table 1. 
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Fig. (12): Equilibrium adsorption isotherm of MB and BG dyes 25 wt. % Ag2O/MCM-41. 
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Fig. (13): a Linear form of Langmuir isotherm for (MB) and (BG) dyes onto 25 wt. % Ag2O/MCM-41. 
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Fig. (14): a linear form of Freundlich isotherm for (MB) and (BG) dyes onto 25 % wt.  Ag2O/MCM-41. 

 

Table (1): adsorption isotherm parameters for MB and BG dyes on 25 wt.% Ag2O/MCM-41. 

 

Sample 

Langmuir isotherm Freundlich isotherm 

qmax 

(mg/g) 

KL (L/mg) R2 RL KF (mg/g) n R2 

MB 175.4 0.223 0.9987 0.0147 4.96 3.16 0.94622 

BG 161.3 0.083 0.9968 0.0386 25.25 2.41 0.97793 

 
 
Effect of contact time  

The adsorption of MB and BG dyes was studied at a different time intervals using 0.05 g of Ag2O/MCM-
41, pH value 8.0 and 100 mg/L of dyes solution. Fig. 15 and 16 show the effect of contact time from up to 240 
minute on the adsorption efficiency of MB and BG dyes for all samples. The removal of MB and BG increases 
with time and reaches equilibrium after 30 min. The removal of MB and BG dyes on all samples of nanoadsorbent 
was quickly increased during the first 30 min, then gradual increase during 60 min and the adsorption process 
slowdown; this may be due to the great number of vacant sites available for adsorption at the initial adsorption 
period than the later stages. 

 
      The kinetic models used in order to study the mechanism of adsorption were the pseudo-first-order-
kinetic and the pseudo-second-order-kinetic models. 
 
Pseudo-first-order-kinetic model 

 The difference form of the pseudo-first-order model of adsorption can be described in the next 
equations [29- 32]: 
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𝐥𝐧(𝐪𝐞 − 𝐪𝐭) = 𝐥𝐧𝐪𝐞 − 𝐤𝟏𝐭                                                                             (3) 
 
Where qe and qt (mg/g) are the amounts of dyes adsorbed at equilibrium and at time t, respectively and k1is the 
equilibrium concentration constant (min-1).  

 

Fig. 17 and 18 show the linear form of pseudo-first-order model to the kinetic adsorption for dyes. The 
kinetic parameters calculated on the basis of this model are presented in Table 2. The higher value of R2 was 
equal to 0.96907 and 0.97754 for MB and BG adsorption kinetics respectively, and the predicted qe values found 
from this kinetic model did not show good agreement with the experimental ones. This suggested that the 
removal of MB and BG by Ag2O/MCM-41 nanoparticle dose not follow the pseudo-first-order kinetic model. 

 
Pseudo-second-order-kinetic model 

The differential form of the pseudo-second-order reaction equation may be written as [14, 45]: 
 

𝒕

𝒒𝒕

=
𝟏

𝒌𝟐𝒒𝒆
𝟐

+
𝟏

𝒒𝒆

𝒕                                                                                                          (𝟒) 

 
Where, K2 is pseudo-second rate cons. (mg.g-1min-1).  
 
 Fig. 19 and 20 show the application of linear pseudo-second order model to the kinetic adsorption. 
Kinetic adsorption constants as determined by the application equations 4 are listed in the Table 3. 
 
 The results confirmed that the pseudo-second-order kinetic produced a good linearity.  The high values 
of R2 were found to be 0.99896 and 0.99991 for MB and BG adsorption and the experimental and calculated qe 
values  are very close. This suggested that the adsorption of dyes on Ag2O/MCM-41 nanoparticle  follow the 
pseudo-second-order kinetic model. 
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Fig. (15): Effect of contact time on removal of MB on 25 wt. % Ag2O/MCM-41. 
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Fig. (16): Effect of contact time on removal of BG on 25 wt. % Ag2O/MCM-41. 
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Fig. (17): Pseudo-first-order-kinetic model for adsorption of MB dye. 
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Fig. (18): Pseudo-first-order-kinetic model for adsorption of BG dye. 
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Fig. (19): Pseudo-second-order-kinetic model for adsorption of MB dye. 
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Fig. (20): Pseudo-second-order-kinetic model for adsorption of BG dye. 
 
 

Table (2): kinetic model parameters (pseudo 1st order and pseudo 2nd order) for adsorption of methylene blue 
dye onto investigated adsorbent. 

 

 
sample 

qe (Exp.) 
(mg/g) 

after 1hr 

Pseudo-first-order-kinetic model 
(MB) 

Pseudo-second-order-kinetic 
model(MB) 

qe1  
(mg/g) 

K1    (1/hr.) R2 qe2  
(mg/g) 

K2 (g/mg.hr) R2 

MCM-41 44.67 45 0.334 0.96356 44.5 8.49*10-3 0.9976 

4% AgM 67.76 54.78 0.18 0.96508 67.34 1.93*10-3 0.9985 

10% AgM 74.56 68.48 0.172 0.90713 75.36 1.92*10-3 0.9955 

17% AgM 79.54 61.97 0.172 0.90713 80.68 1.98*10-3 0.9974 

25% AgM 84.05 57.97 0.169 0.96907 83.64 2.81*10-3 0.9990 

35% AgM 72.61 63.22 0.155 0.97283 72.87 1.69*10-3 0.9953 

 
Table (3): kinetic model parameters (pseudo 1st order and pseudo 2nd order) for adsorption of brilliant green 

dye onto investigated adsorbent. 

 
sample 

qe  (Exp.) 
(mg/g) 

after 1hr 

Pseudo-firs-order-kinetic model (BG) Pseudo-second-order-kinetic  model 
(BG) 

qe1  (mg/g) K1    (1/hr) R2 qe2  
(mg/g) 

K2 (g/mg.hr) R2 

MCM-41 35.48 89.65 0.394 0.96349 35.01 3.77*10-3 0.9989 

4% AgM 58.68 73.47 0.230 0.98428 59.27 2.53*10-3 0.9990 

10% AgM 68.32 70.63 0.273 0.97541 67.34 2.72*10-3 0.9988 

17% AgM 69.78 50.42 0.179 0.94856 70.13 3.20*10-3 0.9993 

25% AgM 81.67 55.74 0.154 0.97754 82.16 6.54*10-3 0.9999 

35% AgM 56.31 54.6 0.214 0.97391 56.26 3.30*10-3 0.9997 
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CONCLUSION 

 Ag2O/MCM-41 nanoadsorbent with different ratios of Ag2O were prepared by impregnation-
evaporation method then calcined at 550 ºC for 2 h. XRD showed that Ag2O/MCM-41 had uniform pore structure 
with hexagonal well- ordered arrangement. It was observed that the removal of dyes on Ag2O/MCM-41 is 
increase by increasing weight ratio Ag2O loaded to the samples. The best results were obtained with 25% 
Ag2O/MCM-41 which shows higher adsorption activity. The adsorption was found to follow the pseudo-second-
order adsorption kinetic model and fitted with Langmuir adsorption isotherm. 
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