
AL-Sharuee                                                   Iraqi Journal of Science, 2021, Vol. 62, No. 2, pp: 483-489 
                         DOI: 10.24996/ijs.2021.62.2.14 

________________________________ 
*Email: i81f54@uomustansiriyah.edu.iq 

483 

 
Specifications study of Hydrophobic Silica Aerogel Doped with Rhodamine 

6G Prepared via Sub-Critical Drying Technique 
 

Israa F. AL-Sharuee 
Department of

 
Physics, College of Science, Mustansiriyah University, Baghdad, Iraq. 

 

Received: 26/8/2019                                        Accepted: 2/6/2020  

 
Abstract 
     The influence of dye laser Rhodamine 6G (R6G) on the molecular structure of 

silica aerogel prepared by normal drying method is reported. The study also tests the 

effect of dye concentration on morphological and physical properties. Fourier 

Transform Infrared Spectroscopy (FTIR) was used to examine this effect, in addition 

to Field Emission Scanning Electron Microscopy (FESEM), contact angle, and 

surface area measurement. It was found from FTIR data that the dye laser stays with 

the inner structure of samples and, at high concentration, it gives a good influence 

by reducing (OH) band and increasing (CH) band, leading to changing the contact 

angle from (123
ᴼ
) to (145

ᴼ
). Whereas particle size varied from 22 nm to 47 nm after 

doping, resulting in a decrease in surface area from 673 m
2
/gm before doping to 357 

m
2
/gm after doping. It was also found that the samples became lightweighted 

through the noticeable decrease in the amount of density from 0.28 to 0.17 gm/cm
3
. 

 

Keywords: Molecular structure, sub-critical drying, silica aerogel, Rhodamine 6G, 

FTIR. 

 

6Gمواصفات الديليكا ايروجل المطعمة بالرودامين  والمحضرة بتقنية التجفيف دون الحرجة   
 

 اسراء فاخر خلف الذرع
العخاق ، بغجاد،الجامعة الطدتظصخية  ،كلية العلهم  ،قدم الفيدياء   

 الخلاصة
الدليكا التي تم تحضيخها ( على البظية الجديئية لهلام 6Gتم البحث عن تأثيخ الصبغة الليدرية رودامين )    

بطخيقة التجفيف العادية ، كطا تضطظت الجراسة تأثيخ تخكيد الصبغة على الخصائص الطهرفهلهجية والفيديائية. 
( لفحص هحا التأثيخ ، بالإضافة إلى الفحص FTIRتم استخجام جهاز التحليل الطيفي بالأشعة تحت الحطخاء )

( وزاوية الاتصال وقياس مداحة الدطح. لقج وجج من FESEM)الطجهخي الإلكتخوني لانبعاثات الطجال 
FTIR  أن ليدر الصبغة يبقى في البظية الجاخلية للعيظات .وعظج التخكيد العالي يعطي تأثيخًا جيجًا عن طخيق

(. بيظطا 145ᴼ( إلى )123ᴼ( ، مطا يؤدي إلى تغييخ زاوية الاتصال من )CH( وزيادة حدمة )OHتقليل حدمة )
نانهمتخ بعج التطعيم ، مطا يؤدي إلى انخفاض في مداحة  47نانهمتخ إلى  22حجم الجديطات من يتخاوح 

/ جم بعج التطعيم. كطا وجج أن العيظات أصبحت  2م  357/ جم قبل التطعيم إلى  2م  673الدطح من 
 .3( جم / سم 0.17إلى  0.28خفيفة الهزن من خلال الانخفاض الطلحهظ في كطية الكثافة من )

 
1. Introduction 

     In general, aerogels indicate dry gels with a very high virtual or specific pore volume, high surface 

area, low electricity, and high specific transparency [1, 2]. However, the value of these physical 
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characteristics is provisional on the nature of the solid, while no official convention truly exists [3]. By 

considering latest improvements in the creation of aerogels, it is certainly more representative to 

describe these materials with reference to the original indication of Kastler, simply as gels in which 

the liquid has been substituted by air, with very reasonable shrinkage of the immobile network [4, 5]. 

The chemical structures of the materials that were prepared as aerogels have become more and more 

numerous. Firstly, these chemical mixtures, termed precursors, are the essential materials, since that 

the oxide gel was made from metallic salts [6, 7]. Recently, silica aerogels have gained a greater extent 

of interest due to their outstanding properties and their current and prospective uses in a wide variety 

of technological areas [8, 9]. Aerogel made from silica is a material with nanostructure property, high 

exact surface area, high porosity, low dielectric constant, small density, and excellent heat insulation 

properties [10, 11]. The important step in the production of silica aerogel is the elimination of the pore 

of liquid without collapsing the three dimensional structure [12]. The networks of silica are either 

hydrophilic or hydrophobic, depending on the environments or conditions of preparation. Supercritical 

drying is one of the techniques used to prepare aerogel with a high surface area and porosity. However 

the high cost and risk of this method led to adopting normal drying method as a replacement [13]. 

During normal drying, the evaporation of liquid from moist gel produces a capillary tension (because 

of a liquid-vapor interface), and this strain is balanced through the compressive force on the solid 

monolithic, which gives rise to shrinkage of the gel [5, 14]. The modification of the surface by 

exchanging solvents from the wet gel is very necessary to inhibit any type of capillary tension and 

shrinkage throughout drying[15, 16].  The wet gel must be aged in a saline solution to increase its 

strength and stiffness. Finally, pore liquid must be substituted by low surface tension solvent to 

decrease related drying shrinkage and capillary stress [17]. The doping of aerogel has been utilized 

successfully in several reactions of catalytic oxidation. Strong impacts were recorded on the physical 

and chemical properties, such as account density, percentage of shrinkage, contact angle, thermal 

conductivity, and the optical transparency [17]. In general, the particles of these metals are found to be 

trapped in the host of silica monolith in a very small quantity, without any bonding with silica 

network, which was confirmed by many researchers. Some researchers found the ability to use aerogel 

doped in dye laser as a gain media in some types of this dye lasers [18]. Others succeeded to prepare 

silica aerogel doped in Coumarin dye. They observed that the compatibility of this dyes with silica gel 

gives a good homogeneity and transparency [19]. Whereas one research studied the effect of Alumina 

nanoparticles prepared by using the sol-gel method on photoluminescence (fluorescence and 

absorption) of Rhodamine 110 dye laser solution [20]. In this work, hydrophobic aerogel prepared 

with excellent specifications in terms of low density, shrinkage-free, and high surface area, was 

synthesized via normal drying method; Rhodamine 6G was dissolved in ethanol for doping,  using 

tetraethylorthosilicate (TEOS) as a precursor and trimethylchlorosilan (TMCS) and n-hexane for 

surface modification. 

2. Materials 

     Tetraethylorthosilicate (TEOS, 99 %) Trimethylchlorosilan (TMCS, > (99 %), and n-Hexane (> 98 

%) were equipped from Sigma Aldrich. Rhodamine 6G chmical formula (C28H31N2O3Cl) , molecular 

weight (479.02 (g/mol)) and purity (96 %) Fluka, ethanol > (99 %) ,hydrochloric acid chmical formula 

(HCl), purity > (99.0 %) Qualigens Fine Chemicals, Ammonia solution chmical formula (NH3,) 

provided from Merck, India), Ammonium Fluoride (NH4F) from Loba Chemie. 

2.1 Samples preparation and characterization methods 

      Hydrophobic aerogel samples of silica gel were prepared via two-step acid-base catalysis 

procedure, as in the following steps. TEOS was mixed with ethanol: water: and hydrochloric acid 

(molar ratios 2.16: 5.5: 0.24, respectively). The pH for the final mixture was fixed at 8. The lowest gel 

time, higher transparency, and fewer cracks facilitate the examination and measurements required by 

this research.  The sol was subjected to magnetic stirring at 303 
ᴼ
K for 30 min. After the hydrolysis of 

the solution for 48hr (for more aging), the dye was added with varied amounts according to the 

required concentration. The last step of preparation was the addition of NH4OH:NH4F with the ratio of 

1:0.5 as a catalyst. The produced sol was transformed to wet gel in tubes (3.3 cm diameter) made from 

plastic (to prevent sticking), and then aged at room temperature. To separate any unreacted monomer 

from the wet gel network, these gels were washed with ethanol for five times each day, using ethanol 

for each sequential step. The washed wet gel was modified by soaking in TMCS-Hexane)mixture (6 

wt. % TMCS in hexane) for three times within 72hr, which was found to be the best modification time 
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after many examinations. The process was performed under 60
ᴼ
c followed by drying at room 

temperature. The effects of doping on structural and physical properties were determined by using 

FTIR technique . The chemical bonding of the silica aerogel microspheres were examined in the range 

of 400–4000 cm
-1

 using KBr pellets, which allow transmission of IR radiation in the range 370 to 

l0000 cm
-1

,
 
as needed in this work'.  The phases of doping of nano silicate were determined by using 

XRD. Microstructural studies of the aerogel samples were accomplished using FESEM. To estimate 

the degree of hydrophobicity, the contact angle (θ) of a water droplet placed on the surface of the 

aerogel was measured using a contact angle meter [21]. 

3. Results and discussion  

3.1 FTIR synthesis  

     The effects of doping in R6G and the variation of concentration on structural properties of 

hydrophobic silica aerogel are illustrated in Figure-1. The characteristic vibration frequencies 

measured through FTIR spectra for the modified surface and intensities of the O-H, C-H, Si-C and Si-

O-Si bands for the samples are shown in Tables-(1 and 2). 

 
Figure1-FTIR spectra for the modified surface of doped and non-doped aerogel in R6G with 10

-4 
and 

10
-3

 gm/cm
-3

. 

 

Table 1-Intensity values of O-H, C-H, Si-C and Si-O-Si bands for doped and non-doped aerogel in 

R6G with 10
-4 

and 10
-3

 gm/cm
-3)

, where max= higher value. 

 

 Si-C Si-O-Si C-H C-H O-H max 

without 

doping 
38.136 2.176 33.517 61.613 21.071 78 

R [10
-4

] 46.28 3.62 39.13 65.63 42.15 78.9467 

R [10
-3

] 53.41 9.44 26.85 69.94 42.62 85.9218 

 

Table 2- Characteristic vibration frequencies measured through FTIR spectra for the modified surface 

of doped and non-doped aerogel in R6G with 10
-4 

and 10
-3

 gm/cm
-3

. 

 length OH% CH% CH2% SI-C% 

without 

doping 
74.824 75.08045 21.61189 58.66612 52.57438 

R [10
-4

] 80.1782 80.5633 36.89557 84.91485 59.76462 

R [10
-3

] 75.3267 48.84948 17.67859 52.85868 43.36669 
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     It is clear that both spectra are demonstrated at an O-H stretching region peaking at 3450 cm
-1

, 

where some freely vibrating and a majority of hydrogen-bonded OH groups are apparent. In addition, 

there is a weak peak that lies near 1610 cm
-1

 and attributed to the OH group. This peak becomes 

weaker when increasing dye concentration. It is observed that these results are caused by the ethanol 

residue, indicating that very low amount of molecular water remained in the gel at this stage. The 

spectra also displayed small residual features near 2967 cm
-1

 due to organic residues. Both gel spectra 

exhibited bands centred near 950-960 cm
-1

 which are absent in the thermal oxide. The peaks of higher 

frequency may be attributed to stretching vibrations of Si-OH or Si-O -Si groups, which is in  

agreement with previous results [22], whereas the peak of lower frequency may hesitantly be related 

with vibrating motions of the same species. In this region, the doping in the dye laser caused effects of 

increase or decrease to this peak. In addition, there was a lower frequency band at 452 cm
-1

, as a result 

of vibration motions of the oxygen atoms columnar to the Si-O-Si bands, attended by some Si 

reference. The frequency between bands close to 800 cm
-1

 is attributed to the symmetric stretching 

location of the Si-O-Si spanning angle (θ). The high-frequency dominant band near 1091 cm
-1

  is a 

result of antisymmetric stretching of the oxygen atoms alongside a direction equivalent to Si-O-Si, this 

bond  is impact on the ratio of TEOS in mixing. In addition, there is a weak absorption at region 523 

nm (in the case of high doping), which is attributed to R6G. At low concentration, No changing be 

observed in the samples propertiese.  

3.2 Morphological analysis 

     The morphological features of the aerogel samples with and without doping in 10
-4

 and 10
-3

 gm/cm 

of R6G were described by using FESEM with different magnifications. As shown in Figures-(2a, b 

and c), there were characteristic tridimensional disordered porous structures, aggregated and sphere-

shaped particles with diameters of about 22-47 nm. The porous construction was conserved after the 

alcohothermal reduction, whereas the aggregation of the nanoparticles was observed

 

  
(a) 

  
(b)
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(c) 

Figure 2-FESEM images of silica aerogel before and after doping with R6G. (a)Without doping (b) 

doping with 10
-4

mg/cm
-3

, and (c) doping with 10
-3

 mg/cm
-3

. 

 

3.3 Contact angle measurement 

     The determination of hydrophobicity without and with doping was performed by measuring the 

contact angle. Figure-3 a, b, and c illustrates the image of samples of aerogel without and with doping 

with concentrations of 10
-4

 and 10
-3

 gm/cm
3
, respectively. The effects of doping on the dye laser are 

very clear through the observed increase of the contact angle with increasing the ratio of doping. This 

effect is possibly because of the existence of Cl in dye structure and the ability of the molecular dye to 

connect with –OH, leading to not allowing H for attaching with –OH, which causes the humidity of 

the aerogel. It can be stated that the dye laser makes surface modifications, producing hydrophobic 

aerogel with high contact angle. 

 

   

without         10
-4

mg/cm
-3

 10
-3

mg/cm
-3

 

Figure 3-Contact angle measurements of the prepared doped silica aerogels without and with 10
-

4
mg/cm

-3
 and 10

-3
mg/cm

-3 
of R6G. 

 

Table 3-Some of the physical properties for the modified surface of doped and non-doped silica 

aerogel in R6G with 10
-4 

and 10
-3

 gm/cm
-3

. 

Doping with 

10
-3

mg/cm
-3 

Doping with 10
-

4
mg/cm

-3 
Without doping  

357 458 673 Surface area (m
2
/gm.) 

47 31 22 Average Particle size (nm) 

145.48 130.05 123.85 Contact angle θ 
42.39 52.83 66.61 %of shrinkage 
0.17 0.20 0.28 Density(gm./cm

3
) 
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Doping in R6G affected some properties of samples by increasing the contact angle and average 

particle size, leading to a decrease in the surface area. While it was noticed that the density of samples 

was decreased with a further decrease in the percentage of shrinkage. From these results, it can be 

stated that doping in R6G enhances the physical and structural properties of hydrophobic silica 

aerogel. 

4. Conclusions 

     Aerogel samples prepared via normal drying and doping with dye laser R6G were influenced in 

some of their physical and structural properties by the remaining of the dye within their structures and 

keeping its position inside the samples. In addition, this doping added more modifications on the 

surface by increasing the contact angle, leading to an increase in the hydrophobicity property. This 

effect is due to the existence of Cl in dye structure and the ability of the molecular dye to connect with 

–OH, leading to preventing H rom attaching with –OH, which causes the humidity of the aerogel. In 

addition, the doping conferred more homogenous structure and virtually lightweighted material. 

     Results of this work indicated the possibility of obtaining doped silica aerogel with R6G in 

different concentration and have advantages compared with samples without doping. 
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