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PREFACE 

Welcome to Surakarta (Solo) - Indonesia 

It is our pleasure to welcome you to participate in the 10
th
 Joint Conference on Chemistry 2015 

(JCC-2015). JCC-2015 is annual conference, jointly organized by Chemistry Department, Faculty of 

Mathematics and Natural Sciences, Sebelas Maret University;, Semarang State University;, Diponegoro 

University; and, Jenderal Soedirman University. JCC was aimed at bringing together researchers and 

scientist from Central Java and other region in Indonesia to discuss the problems and solutions related to 

chemistry. Starting from 9
th

 JCC in 2014 we extend the conference toward International forum in order to 

contribute more to the latest development in chemistry and related field.  

JCC-2015 will be held at Lor International Hotel Solo (Lor In Solo), Indonesia from 8-9 September 

2015. Chemistry Department, Faculty of Mathematics and Natural Sciences, Sebelas Maret University as 

the conference host has decided to take ―Chemistry For Sustainable Development‖ as the main theme of 

JCC-2015. Selected papers will be published in IOP series: Material Science and Engineering which is 

indexed by Scopus.  The coverage of MSE extends across all materials science disciplines, encompassing 

analysis, development and application. Research areas covered by the journal include: Processing, 

engineering and applications, Analysis and characterization, Functional materials, Polymer science, 

Glasses and ceramics, Thin films and surfaces, Nanostructures and nanomaterials, Composites, 

Biomaterials, Environment and energy, Computation and simulation, Crystalline structure and 

microstructure, Structural and mechanical, Metals, alloys and and metallurgy. 

We were fortune to have generous support from many organizations, an commercial enterprise, 

which include Sebelas Maret University; Faculty of Mathematics and Natural Sciences, Sebelas Maret 

University; PT PERTAMINA (Persero); PT. Metrohm Indonesia; and Edulab Bengkel Furnace & Reaktor. 

However, it was mainly through the committed and untiring efforts of staff and students of  Chemistry 

Department, Faculty of Mathematics and Natural Sciences, Sebelas Maret University that this event has 

become possible. 

We hope that all participants have great time throughout this conference. 

 

Dr. rer. nat. Witri Wahyu Lestari, M.Sc 

Secretary Chairman Organizing Committee 

Dr. rer. nat. Fajar Rakhman Wibowo, 

M.Si 

Chairman Organizing Committee 
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Welcome Speech from Head of Chemistry Department 

Sebelas Maret University 

We are very pleased to introduce The 10
th
 Joint Chemistry Conference held by Chemistry Dept. of Sebelas 

Maret University on behalf of the Chemistry Consortium in Central Java, Indonesia. The 10th Joint 

Chemistry Conference was held on the Lor International Hotel (Lor In Hotel) in Solo during 8- 9th of 

September 2015. Solo as "The Spirit of Java," a Javanese culture and heritage center, batik capital, and 

tourist-friendly city. To promote the Solo City as the spirit of Java, this international conference is 

arranged in short days before international cultural events, the Solo International Performing Art (SIPA) 

and Indonesian Umbrella Festival. 

The conference will emphasize the multidisciplinary chemical issue and impact of today‘s sustainable 

chemistry which covering the following topics: Material science & engineering, Energy & sustainability, 

Medicinal chemistry, Catalysis, Green chemistry, Natural products, Environmental chemistry, 

Nanotechnology, Theory, characterization, modeling, Chemistry education and General : chemistry-

related studies. 

We hope that this conference can initiate UNS cooperation with various parties to contribute our science 

for the benefit of society. Finally, we hope this seminar can take place smoothly and successfully, and its 

results can be implemented and bring benefit to the wider community.  

 Surakarta, September 8
th
 2015 

Head of Chemistry Department UNS 

 

 

 

 

 

Dr.Triana Kusumaningsih, M.Si 
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Welcome Speech from Head of Chemistry Department 

Jenderal Soedirman University 

Praise to Allah SWT for His favors and gifts that the 10
th
 Joint Conference on Chemistry with the theme 

of Chemistry for Sustainable Development in 2015 can be held. This activity is a form of cooperation 

between the Department of Chemistry of Sebelas Maret University, Jenderal Soedirman University, 

Diponegoro University and Semarang State University. We hope that seminar can promote conducive 

cooperation among colleges  and institutions, to further optimize the use of abundant natural resources of 

Indonesia for the advancement of science and sustainable development. 

On this occasion we would like to express our appreciation and gratitude to Sebelas Maret University 

along with the organizing committee for their hard work and all parties in the success of this event. 

Congratulation on carrying the seminars, may we get benefit from this activity.  

 Purwokerto, September 8
th
 2015 

Head of Chemistry Department 

UNSOED 

 

 

Dr. Suwandri, M.Si 
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Welcome Speech from Head of Chemistry Department 

State University of Semarang 

Assalamualaikum wr wb. 

Our honorable guest and seminar participant, 

All Praises to  Allah SWT who has bestowed his grace and guidance to all of us so that we can together 

participate in the 10
th
 Joint Conference on Chemistry in 2015 at LOR IN Hotel,Solo, Indonesia. 

The whole family from Chemistry department of Semarang State University would like to give highest 

appreciation to the keynote speaker, speakers, participants and invited guests who have great contribution 

to successful of this seminar. 

Through this meeting we hope: 1) a scientific interaction between academics, researchers and practitioners 

from both inside and outside the country in the field of chemistry and applied research as well as chemical 

education will be created, 2) researchers and academics will be facilitated and developed in order to 

achieve the international level, 3) the results of research and theoretical studies may have impact and 

contribution in solving the problems in the field of chemistry and chemical education in the society. 

Finally, we would like to deliver our gratitude to the committee for their hard work and dedication for this 

important seminar. Thank you very much. 

Wabillahitaufik wal hidayah .  

Wassalamu alaikum warahmatullahi wabarakatuh 

 Semarang, September 8
th
 2015 

Head of Chemistry Department 

UNNES 

 

 

Dra. Woro Sumarni, M.Si 
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Welcome Speech from Head of Chemistry Department 

Diponegoro University 

 

Assalamualaikum wa Rahmatullahi wa Barakatuhu, 

Dear Distinguished Delegates, Colleagues and Guests, 

All praises to Alloh SWT who gives us abundance blessing and allow us to organize the 10
th
 Joint 

Conference on Chemistry (JCC) 2015. On behalf of the Chemistry Department, Diponegoro University, I 

would like to Welcome You to this conference.  

The JCC is an annual conference which organized by the consortium of Chemistry Department of four 

Universities in Central Java : Diponegoro University (UNDIP), Semarang State University (UNNES), 

Sebelas Maret University (UNS) and Jenderal Soedirman University (UNSOED) since 2006. The 

conference will provide an interactive International forum to provide for sharing and exchance 

information on the latest research on Chemistry and related sciences, to enhance the capacities for creating 

innovation system, to stimulate future collaborations among industries, researchers, governments and 

other stakeholders who aplly science and technology for better live. 

We would like to thanks the organizers, the plenary speakers and the researchers for their hard work and 

full commitment. For all of the participants, we are thankful for your cooperation, contribution and very 

valuable support for this event. Finally, we hope that you enjoy the conference.  

Wassalamualaikum wa Rahmatullahi wa Barakatuhu 

 

 Semarang, September 8
th
 2015 

Head of Chemistry Department 

UNDIP 

 

 

Dr. Khairul Anam, M.Si 
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Abstract. α-Terpineol, a monoterpenoid alcohol is a product used in cosmetic industry as perfume, 

and in pharmaceutical industry as a disinfectant, α-Terpineol was investigated for  antimicrobial 

activity.  Trichloro acetic acid (TCA) was used as a catalyst for the hydration of α-pinene to terpineol 

using water as hydroxyl donor. The reaction was performed in a batch reactor at 65-70
o
C, using 

aqueous acetone as a solvent. The catalyst converted α-pinene into limonene, camphene, terpinolene 

and α-terpineol. The products were analyzed by GC, FT-IR, NMR and GC-MS. The antimicrobial 

activity of α-terpineol was tested against Gram-negative and Gram-positive bacteria. The results of the 

bioassays showed the interesting antimicrobial activity, in which the Gram-positive bacteria, Bacillus 

megaterium, was the most sensitive to the α-terpineol.  

 

1. Introduction 

Turpentine oil has components that vary depending on the species, age, tapping season, and how isolation. 

The main component of turpentine oil having a pinene, which has two isomeric forms, namely α-pinene 

and β-pinene. The main component of 70-90% α-pinene and the rest is composed of β-pinene (5-10%), 3-

carene (4-10%) and δ-longifolen (0.2 to 5%) [1-2]. 

Isolation of α-pinene has meaning in making derivatives more useful and to have a higher economic 

value. Derivatization α-pinene from turpentine oil is done by changing the α-pinene into α-terpineol. 

Alpha-terpineol is formed by means of hydration of α-pinene [3-5]. 

Hydration reaction of reactions that occur with the addition of water, if there is an acid catalyst, water 

will mengadisi as O-OH, and the product is an alcohol [6-8]. Alpha -terpineol is derived compound α-

pinene, which is one of the three types of flavored alcohol isomers, namely monoterpenoid alcohol 

(C10H18O). 

α-pinene reaction with trichloroacetic acid catalyst to produce compounds α-terpineol which is a 

compound of monoterpenes with the other side that is the result of limonene, camphene, terpinolene, and 

terpinene [7]. Synthesis terpineol can be done from the hydration crude sulfate turpentine, the main 

products obtained α-terpineol with a yield of 67%, the study uses 15% sulfuric acid catalyst. Compounds 

synthesized from α-pinene in the analysis by gas chromatography (GC), IR and GC-MS 

spectrophotometer [9-12]. This compound subsequently tested whether there is inhibition of antibacterial. 

Alpha-terpineol is a volatile compound that has the ability as an agent for inhibiting the activity of 

bacteria. OH group on the α-terpineol is possible can damage cell membranes and denature proteins, 

resulting in damage to critical components in cell bacterium that causes cell growth inhibition or death of 

the bacterial cell. The alpha-terpineol study was conducted to determine the antibacterial activity [13]. 

mailto:nanikanang@gmail.com
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Antibacterial activity test carried out on B.megaterium and P. aeruginosa. B.megaterium is a type of 

Gram-positive bacteria, these bacteria are found in soil, water, air, so that these bacteria can easily get into 

the food we eat and cause disease digestive disorders, whereas the P.aeruginosa types of Gram-negative 

bacteria, these bacteria are the cause of the infection primarily to a decrease in the immune system of 

individuals. P. aeruginosa can cause urinary tract infections and respiratory tract infections. Bacteria 

planted in the media in accordance with the growth of each bacterium, Bacillus and Pseudomonas to be 

planted on media Mueller Hinton Agar. Alpha-terpineol resulting in drops in the media that have been 

planted bacterium B. megaterium and P. aeruginosa. Antibacterial activity of α-terpineol seen with the 

clear zone area on the media [14]. 

 

2. Methods 

Materials used are: Alpha-pinene obtained from Perum Perhutani Unit 1 Central Java, anhydrous sodium 

sulfate (NaSO4), sodium bicarbonate (NaHCO3), dichloromethane, distilled water, acetone, trichloroacetic 

acid (TCA), the bacteria B. megaterium and P.aeruginosa, media for oblique (NA), media Mueller Hinton 

Agar (MHA), media Nutrient Broth (NB). 

Apparatus: glassware, thermometer, reflux tool stir bar, digital balance sheets, plastic tubing, vials, 

petri dish, ose, tweezers, laminar air flow (LAF), incubator, autoclave, micropipette, GC, GC-MS, and FT-

IR. 

 

Procedures 

2.5 g α-pinene, 5 mL of distilled water, and 5.27 g of TCA put three neck round bottom flask 100 mL, 

refluxed for 30 minutes with the temperature variations 50
o
C, 60

o
C, and 70

o
C. The filtrate cooled, put in a 

separating funnel formed two layers. The water layer is extracted with 10 mL Samples were cooled and 

then neutralized to pH (7-8). The filtrate was washed distilled water and added to anhydrous Na2SO4 then 

analyzed GC-MS, and spectrophotometric infrared (IR). 

 

Antibacterial activity test 

Antibacterial activity test by the paper disc method. Each petri dish contains 6 discs of paper, namely α-

terpineol with a concentration of 25%, 50% and 100% v/v, the positive control (amikacin), and a negative 

control (PEG 400). Dripped on a number 5 μl each concentration, then incubated at 37
ο
C for 24 hours. 

Antimicrobial activity were measured based on the inhibition zone around the impregnated well. 

 

3. Results and Discussion 

Hydration of α-pinene with TCA catalyst will produce monocyclic terpenes and alcohol with α-terpineol 

as the main product. Alpha-pinene will absorb the acid in the TCA that will be used to react with water. 

The increased influence of temperature on the reaction results is presented in Table 1. 

 

Table 1 The effect of Temperature on the synthesis of α-terpineol 

T 
0 
C Concentration (%) Conversion (%) Selectivity (%) 

50 51.33 97.76 52.50 

60 53.48 88.05 60.74 

70 74.13 99.11 74.79 
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The increased reaction temperature can affect the rate of reaction, when the temperature is raised 

from the initial temperature, the faster the reaction rate. It is caused by raising the reaction temperature 

will increase the kinetic energy of the colliding particles reactant substances resulting in greater levels of 

product. Comparison of the amount of the catalyst solution and a solution of α-pinene is able to accelerate 

the hydration reaction and to improve the results obtained due to the addition of the catalyst solution also 

means an increase in the amount of reactants in the form of water so as to shift the reaction to the right 

(product) produced more increased.  

At the time of hydration for 30 min with the appropriate mole ratio of water will make the hydration 

of α-pinene more leverage and product formation will take place more quickly. At a mole ratio of 1: 15 

obtained α-terpineol peak at a retention time 10 min with a percentage of 74.79%. Retention time is one of 

the parameter identification, which describes the length of a compound retained in the column, the 

retention time for each peak compared to the standard retention time in which the retention time of α-

pinene and α-terpineol in each comparison was presented in Table 2. 

 

Table 2 The effect of Ratio Mole Reactant on the synthesis of α-terpineol 

Compound Concentration (%) 

 1 : 5 1 : 10 1 : 15 

α-Pinene  4.08 9.04 11.79 

α-Terpineol  36.96 44.98 74.79 

 

 

 

Fig 1. Spektrum FT-IR of product reaction (Terpineol as a major product). 

 

Alpha-pinene hydration products can be seen from the graph that shows that at a temperature of 50
o
C, 

60
o
C, 70

o
C and most hydration products are compounds α-terpineol. Mass spectroscopic analysis of the 

compound α- terpineol having a relative molecular mass of 154 fragments with m/z = 154 detachment OH 

molecule produces a peak at m/z = 136, breaking -CH3 and produce fragments with m/z = 121, breaking -
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C2H4 produce fragments m/z = 93, with the release of C7H12 produce fragment with m/z = 59, this 

fragment is relatively stable because it has a low ability to undergo further fragmentation. 

Results of the reaction products of compounds band on the wave number 3394 cm
-1

 shows the 

stretching group OH (hydroxyl). On the wavenumber 1674 cm
-1

 indicate the presence of clusters of carbon 

with double bonds (C = C) to alkenes and the wave number 1373 cm
-1

 indicate the presence of a methyl 

group (-CH3), whereas in the band 1134 cm
-1

 show the bond only between the CO at tertiary alcohols. The 

comparison between the standard compound reaction products with terpineol allows that compound the 

reaction product is a compound terpineol. Pictures infrared spectrum is presented in Figure 1. 

 

The antibacterial activity 

Alpha-terpineol having a hydroxyl group on the structure of the compound, the hydroxyl group is a group 

that plays a role in inhibiting the growth of bacteria B. megaterium and P. aeruginosa. Bacterial inhibition 

occurs due to complex formation between hydroxyl groups to proteins in the cell membrane, causing 

clotting proteins, these proteins undergo denaturation, causing decreased cell wall permeability 

consequently transport of nutrients into cells to be disrupted so that bacterial growth is inhibited [13-14]. 

Antimicrobial activity test of terpineol basil doing by two bacteria they were B. megatherium and P. 

aeruginosa with well technique diffusion method. The controls that were used on this methods are 

negative control (PEG 400) and positive control (amikacin). The antimicrobial activities of terpineol were 

showed activity with concentration were 25%, 50%, and 100%) to B. megatherium and P. aeruginosa, it 

was known by the absence of diameter zone of inhibition.  Mechanism bacteria resistance was deactivate 

antibiotics by producing enzymes. One of the enzymes that could inactivate antibiotic was β-

glucoronidase. B. megatherium and P. aeruginosa were bacteria which was able producing β-

glucoronidasethat allegedly active compounds in the terpineol of basil by β-glucoronidase be other 

compounds that were toxic for bacteria.  

Diameter zone of inhibition increased it means that the increasing of the terpineol concentration 

showed correlation with the increasing of active compounds serves as an antibacterial,  so that the ability 

to inhibit bacterial growth in B. megatherium and P. aeruginosacoli also bigger. It was because the higher 

yield of compound bioactive is a bactericide (deadly microbes) and the lower yield was a bacteriostatic 

(inhibitng the growth, no deadly microbes). The diameter zone of inhibition of terpineol  presented in 

Table 3 and 4.  

 

 

Table 3. Diameter zone of inhibition (mm) α-terpineol to B.  megaterium 

Sample Control - 
Consentration  Standar 

terpineol 
Control + 

25% 50% 100% 

I. 0 14.54 19.00 19.56 20.80 26.88 

II. 0 16.12 21.87 22.25 23.06 27.75 

III. 0 15.14 19.19 19.37 19.50 25.62 

IV. 0 15.56 20.06 20.56 22.06 28.50 

V. 0 17.34 20.81 22.62 25.87 26.81 

Average 0 15.74 20.19 20.87 22.02 27.11 
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Table 4. Diameter zone of inhibition (cm) α-terpineol to P.  aeruginosa 

Sample Control - 
Consentration  Standar 

terpineol 
Control + 

25% 50% 100% 

I. 0 9.50 10.62 10.67 11.56 22.37 

II. 0 9.19 10.44 12.42 11.92 21.87 

III. 0 8.87 11.31 10.87 12.00 21.62 

IV. 0 9.69 9.31 10.25 11.69 22.12 

V. 0 9.42 9.58 9.81 10.05 17.25 

Average  9.93 10.25 10.68 11.44 22.16 

 

The test results showed that the antibacterial activity of α-terpineol inhibition was more effective 

against the bacteria B. megaterium (positive Gram bacteria ) than P. aeruginosa (negative Gram bacteria). 

It was because of the sensitivity antibacterial affected by the bacterium wall. Gram positive bacteria more 

sensitive to antibacterial because the structure of the cell walls Gram positive bacteria simpler than the 

structure of the cell walls of Gram negative bacteria, which eases antibacterial compound to enter into a 

bacterial cell Gram of the structure of the cell wall of Gram positive bacteria (Fig. 2).  

 

 
 

Fig. 2. Diameter zone of inhibitionstem terpineol to B. megatherium and P. aeruginosa 

Notes : A) Positif Control B) 25%, C) 50%, D) 100 %, E) Standar Terpineol, F) Negative 

Control  

4. Conclusion 

The main products of α- pinene hydration reaction catalyzed TCA was α-terpineol optimum temperature is 

at a temperature of 70
o
C with the conversion of α-terpineol result obtained is 91.11% with a selectivity of 

74.79%. The test results showed inhibition of antibacterial activity increases with increasing concentration. 

The average area better inhibition against B. megaterium than P. aeruginosa. 

References 

[1] Arias D, Guillen Y., Carmen M., Lopez and Francisco J.M., 2000,  React.Kinet.Catal.Lett, 69 (2) 

305-309. 

[2] Sastrohamidjojo, H. 2004. Yogyakarta : Gajah Mada University Press 



 

 

 

10th Joint Conference on Chemistry   Surakarta, September 8
th

–9
th

, 2015 

Proceeding of Chemistry Conferences vol. 1 (2016)   ISSN 2541-108X 

 

 

6 

 

[3] Chibiryaev AM., Yermakova A., and Kozhevnikov IV., 2010,  J.  Of  Supercritical Fluids, 51, 295-

305. 

[4] Neuenschwander U., 2010, ChemSusChem, 3(1), 75–84, doi:10.1002/cssc.200900228. 

[5] Li Y., Wang C., Chen., Hua W., Yue Y. Gao Z., 2009,  Catal Lett.,  131:560–565. 

[6] Wijayati, N., Pranowo,  H. D., Jumina, Triyono, 2011,   Indo. J. Chem., 11 (3), 234-237. 

[7] Avila, M. C., Nora A. C., Castellon E. R., Lopez A. J., 2010, J.Mol. Catal. A: Chemical, 

322(1-2),:106-112. 

[8] Mochida T., Ryuichiro O., Naoto H., Yuichi K., Toshio O., 2007,  Micropor.Mesopor. Mat., 101: 

176-183. 
[9] Pakdel, H., Sharron, S., and Roy, C., 2001,  J. Agric. Food. Chem., 49( 9),  4337–4341.  

[10] Rachwalik, R., Olejniczak, Z.,Jiao,J ., Huang,J., Hunger,M.,Sulikowski,M 2007. J. Catal.  252  

161-170. 

[11] Wijayati, N., Pranowo,  H. D., Jumina, Triyono, 2013,  Indo. J. Chem., 13(1), 59-65. 

[12] Wijayati, N., Pranowo,  H. D., Jumina, Triyono, G.K., Chuah, 2013, International Journal of 

Chemical Engineering and Applications, 4 (4), 178-182. 

[13] Rezvani, S., Rezai, M.A., Mahmoodi, N. 2009. Iran : Rashr University   

[14] Tenover ,C. F. 2006. The american journal of Medicine, 119 (6A) S3-S10 

http://en.wikipedia.org/wiki/Digital_object_identifier
http://en.wikipedia.org/wiki/Digital_object_identifier
http://en.wikipedia.org/wiki/Digital_object_identifier


 

 

 

10th Joint Conference on Chemistry   Surakarta, September 8
th

–9
th

, 2015 

Proceeding of Chemistry Conferences vol. 1 (2016)   ISSN 2541-108X 

 

 

7 

 

Extraction Method of Sarang Semut (Myrmecodia pendens) 

Plants With Ultrasonic Techniques for Preduce Alternative 

Cancer Drugs 

 
Suharyanto

1*
, Hartono

2
, Winarto Haryadi

3
, Bambang Purwono

4 

 

1,2
 National Pharmaceutical Academy, Surakarta, Indonesia 

3,4
Department of Chemistry  Gadjah Mada University, Yogyakarta,Indonesia 

 
*
E-mail: suharyanto294@yahoo.com 

 
Abstract.  Cancer is a growing cells of any type of cell and tissue in the body anywhere , a large 

number of diseases are characterized by tissue and cell type of origin . Each year found nearly 6 

million new patients known to have cancer , and more than 4 million of them died . Until now cancer 

treatment is done by 3 ways: surgery , radiation , and drug delivery of anti -neoplastic or anti- cancer . 

However , all three treatments over a lot of side effects to the patient .The specific objective of this 

research is to extract  Sarangsemut  plant  ( Myrmecodia pendens ) derived from -Irian Jaya Papua 

Indonesia . This research aims to produce cancer drugs using plants Sarangsemut (Myrmecodia 

pendans). This research was conducted by plant extraction Sarangsemut with Ultrasonic technique 

with solvent methanol with various ratio and extraction time. The results showed that with a time of 

50 minutes with a solvent ratio of 1:10 gave 14% yield.. From antioxidant activity assay showed that 

water fractions have IC50 47.50 ppm . Histopathology test showed that at a dose of 750 mg / kg body 

weight Sarangsemut extract can improve the condition of the lung cells of mice that have suffered 

damage due to induction of DMBA 20 mg / kg body weight. From these parameters, water fraction of 

Sarangsemut extracts were potential as an alternative medicine cancer. 

 

  

1. Introduction 
Cancer is a major cause of the death of two which contributed 13%. Cancer is a disease with complex 

causes that are formed in the long term. Cancer is a major public health problem in  the world. One in 4 

deaths in the United States is due to cancer. Death rates continue to decline for all 4 major cancer sites 

(lung, colorectum, breast, and prostate) [1,6-7].  The most common types of cancer treatment, such as 

surgery, chemotherapy, radiatin therapy, and many others. Surgery can be used to diagnose, treat, or even 

help prevent cancer in some cases. Most people with cancer will have some type of surgery. It often offers 

the greatest chance for cure, especially if the cancer has not spread to other parts of the body. 

Chemotherapy (chemo) is the use of medicines or drugs to treat cancer. The thought of having 

chemotherapy frightens many people. Radiation therapy uses high-energy particles or waves to destroy or 

damage cancer cells. It is one of the most common treatments for cancer, either by itself or along with 

other forms of treatment [1,8,11]. 

All drugs used to treat cancer cause side effects. Side effects are unwanted things that can happen 

as a direct result of medical treatment – in this case, taking a cancer treatment drug. Different drugs have 

different side effects – for example, they don't all cause hair loss or sickness. The side effects of each drug 

vary for different people though. Some people find that they get only very mild side effects [3 – 5,11]. 
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Medicinal plants (herbals) are considered to be the main sources of biologically active compounds 

that can be used for the treatment of various ailments including cancer [12].  Herbal treatment is a 

treatment using a wide variety of plant extracts, herbal medicine more and more in demand, even 

according to the WHO country in Africa, Asia and Latin America have been using herbal remedies as 

complementary medicine. Sarangsemut (Myrmecodia pendans) is a plant from Papua, Indonesia, which 

has the potential as an anti-cancer drug [9,10,11].  Sarangsemut  ability empirically for the treatment of 

various types of cancer allegedly associated with its flavonoid. Suharyanto, 2013 has made the isolation of 

plant Sarangsemut by maceration method using methanol [10]  Furthermore partitioned using n-butanol-

water at a ratio of 1: 1  In this study the isolation Sarangsemut using methanol solvent with ultrasonic 

technique. The results showed that with a time of 50 minutes with a solvent ratio of 1:10 gave the 14% 

yield. From antioxidant activity assay showed that water fractions have IC50 47,50 ppm . Histopathology 

test showed that at a dose of 750 mg / kg body weight Sarangsemut extract can improve the condition of 

the lung cells of mice that have suffered damage due to induction of DMBA 20 mg / kg body weight. 

From these parameters, water fraction of Sarangsemut extracts were potential as an alternative medicine 

cancer [3-4]. 

 

2. Materials and Methods 

2.1 Chemical Materials 

Methanol was used for extraction, buthanol PA is being used for  partition the sample after extraction.  

DPPH (1,1-diphenyl-2 picrylhydrazyl) is used to test Antioxidant Activity. And Dimethyl [a]Benz 

anhtracene (DMBA)  as a trigger cancer substance. 

 

Á2.2 Sample Materials: 

Sarangsemut (Myrmecodia pendens) used comes from Papua Irian Jaya. White rats as cancer models. 

 

2.3 Sample Preparation 

Sara ngsemut  powders was made using a blender and then dried in an oven at 50
0
C for 24 hours.  

2.4 Extraction 

Extraction was done by ultrasonic techniques. Furthermore, the fractionation using butanol and water at a 

ratio of 1: 1. Water Fraction was taken and butanol fraction  was not used. Fraction of water used to test 

the antioxydant activity and in vivo tests using white rats. 

 

2.5 Antioxidan Activity dan Histopathology 

The antioxidant activity test conducted by 1,1-diphenyl-2-picryl hydrazyl (DPPH) method.  Parameters 

resulting test of the antioxidant activity is IC50 , while of Histopathology test illustrated the ability of 

sarangsemut extracts against cancer cells. Research scheme is presented in Figure 1 
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                  Figure 1. Research scheme of Sarangsemut 

3. Results and Discussion 

3.1 Extraction 

The results of ultrasonic extraction is presented in table 1 

                          

                    Table 1  Results and yealds extraction with ultrasonic 

 

                     No. Time       Degree.        sample.Weight         Yealds 

                            (mnt)           Smp.:Solv       (gram)                      (%) 

 

1. 30  1:6  2.6  6.5 

2. 40  1:6  2.9  7.25 

3. 50  1:6  3.4  8.5 

4. 60  1:6  2.0  5.0 

5. 30  1:8  4.0  10.0 

6. 40  1:8  5.2  13.0 

7. 50  1:8  5.2  13.0 

8. 60  1:8  2.6  6.5 

9. 30  1:10  2.3  5.75 

10. 40  1:10  3.9  9.79 

11. 50  1:10  5.6  14.0 

12. 60  1:10  4.1  10.25 

 

Srangsemut Plant 

 
POWDER 

 
Ultrasonic method with 

methanol solven 

 
Fractination with  

 n-buthanol -water 1:1 

 

Water fraction 

 

 

Buthanol fraction 

 

 Antioxidan Test 

 

 Hiytophatologi 

Test 

 

 

Unused 

 

 

 

Conclusion 
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From Table 1 it can be stated that the number of solvent 10 times with a time of 50 minutes produced the 

greatest yield. Whereas in previous studies Suharyanto 2012 by maceration method with a time of 5 days 

or 120 hours produced only 10% yield. At maceration method the opening of the cell nucleus is much less 

effective than the ultrasonic method. The yield difference was due to the timing and amount of solvent. In 

general, the major solvent and time increased causing the yield to rise, but at a certain point where 

saturation occurs a decline in the yield. In the solvent ratio 1:10 with a time of 60 minutes a decline in the 

yield of this possible dissolution process occurs at the saturation point. 

3.2 Antioxidan Activity 

The results of antioxidant activity test is presented in table 2 

 

Table 2  Antioxidan Activity  results of  water fractions 

  

                 No. Time                  Equations  IC50(ppm) Conclusion 

 

1. 6/30  Y=0.126X + 10.50  313.492  weak 

2. 6/40  Y = 0.168X+12.16  225.239  weak 

3. 6/50  Y=0.440X -2.143  118.492  medium 

4. 6/60  Y=0.3X+ 31.51     61.630  strong 

5. 8/30  Y=0.114X+2.292  418.412  weak 

6. 8/40  Y=0.315X+11.25  123.0158 medium 

7. 8/50  Y=0.277X+29.76    73.0685 strong 

8. 8/60  Y=0.64X+6.645    67.7421 strong 

9. 10/30 Y=0.225X + 12.97   164.578  medium 

10. 10/40 Y=0.183X+21.15   157.650 medium 

11. 10/50 Y=0.173X+16.65    47.28  very strong 

12. 10/60 Y=0.093X+19.55  327.419  weak 

 

From table 2 can be stated that the sample with the extraction time of 50 minutes with 10 times the 

amount of solvent has the best antioxidant activity with IC50 47.828 ppm.In the previous research 

produced IC50 of 37.5 ppm with maceration method, whereas the ultrasonic method produced  greater 

yields with shorter time. 

3.3 Hystophatologi 

Histopathology test results of rats are presented in the following figures: 
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Alveolus 

normal 

 

 

 
                                                                                                              conggestion 

                                                                                                                              Thickening of  

                                                                                                                                                           the alveolus 
                                                                                                                                                 mass due to necrosis 

 

 

        

 

       Figure 2 : Normal Lung Cells                        Figure 3 : Lung cells induced by DMBA  

                                                                                                  dose of 20  mg / kg 

 

Thickening of the alveolar septa periatritis it is suspected inflammation as early cancer formation. The 

conggesti outside of  the alveoli (red) indicates that  the blood circulation is not smooth. Necrosis 

characterized by mass outside of the alveoli. This necrosis caused by the presence of compounds DMBA 

induced. DMBA is a carcinogen which is activated by cytochrome P450 enzymes to become active as 

epoksid reactive compounds to bind to DNA (Wulan PR, et al, 2012). 

 

 

                                                                                           The thickening is reduced 

                                                                                                

                                                                                                          Alveolus getting better 

                                                    

         

                                                                                                                             

 

Figure 4. Lung cell induced by DMBA dose of 20 mg / kg and treated with sarangsemut extracts dose of 

750 mg / kg oral injection 

 

From the above picture in general has undergone many changes. Conggestion is  diminishing and alveolar 

became thinning, approaching normal. In general it can be stated that at a dose of 750mg / kg Sarangsemut 

extract can improve the condition of the lung cells that have been damaged by DMBA induced. 

4. Conclusion 

a. Comparison 1:10  the amount of solvent extraction, time of 50 minutes has the best yield ie 14% 

b. The same time  of  number and ratio  solvent extraction has the highest IC50 47.828 ppm 
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c. Fraction of water plants Sarangsemut has the potential as an anticancer drug. 

d. Sarangsemut extract dose of 750 mg / kg of body weight was well enough in the treatment of rats 

that suffered damage lung cells. 
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Abstract. The utilization of bovine bone gelatin as a template for the synthesis of mesopore silica by 

hydrothermal and sonochemical methods have been studied. The gelatin was obtained from bovine 

bond by treatment using NaOH, citric acid, and HCl for 24 h followed by hydrolysis at 80 °C. The 

synthesis of mesopore silica was conducted under hydrothermal and sonochemical methods. The 

gelatin was analyzed by FT-IR and the mesopore silica was characterized by Surface Area Analyzer 

and TEM. The results showed that the gelatin consisted of Amida A, Amida I, II and III. The two 

methods produced silica material with meso scale pore diameter and showed wormhole-like pores 

shape material in their TEM images. The hydrothermally synthesized silica has a pore diameter of 

5.14 nm with surface area of 356.18 m2/g, and that of the sonochemically synthesized silica has a pore 

diameter of 3.13 nm and surface area of 451.39 m2/g. 

1.  Introduction 

Template is the main thing in mesoporous silica synthesis process. A non ionic template like gelatin 

showed a good biocompatability, non toxic, and biodegradable [1]. Gelatin is a polypeptide, a nature 

polymer of collagen. It contains a lots of N-H functional groups which trends to strongly interact with 

silanol groups (Si-OH) on the silicate species via multiple hydrogen bonds. There are few studies that 

investigated the utilization of gelatin as a template [1-3]. However, the gelatin used was still limited as a 

synthetic gelatin. Therefore, better idea is  to use gelatin from bovine bone as a template. Bovine bone is a 

waste and contains a lot of collagen, so it can be used to produce gelatin. The most commonly reported 

method for the synthesis of mesoporous materials is a hydrothermal method [1, 2, 4]. This method can 

produce mesoporous materials with high pore diameter. But, its greenless because needs high temperatur 

when synthesis proccess. In order to avoid this disadvantage, there is a green method that can be used is 

sonochemical method [5]. Sonochemical method performed at room temperatur using ultrasonic wave 

with frequency of above 20 kHz.  

Based on the above consideration the authors undertaken to synthesis mesoporous silica with 

bovine bone gelatin as a template using hydrothermal and sonochemical methods. The results were 

discussed below.  
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2.  Materials and Methods 

2.1.  Materials 

Bovine bone were obtained from Jangkang, Widodomartani market, Ngemplak, Sleman, Yogyakarta. HCl, 

NaOH, citric acid, H2SO4, Na2SiO3. 

2.2.  Instruments 

Fourier Transform Infrared Spectroscopy (FTIR, Shimadzu Prestige FTIR 21), Surface Area Analyzer 

(SAA, Quantachrome NovaWin2), Transmission Electron Microscope (TEM, JEOL JEM-1400. 

2.3.  Extraction of gelatin 

Bones were washed with tap water to remove superfluous material and degreasing at 80 °C. After that, the 

bovine bone were treated with NaOH (4%) for 1, 12, and 24 h to remove the non-collageneous protein. 

They were washed thoroughly with tap water, and treated with citric acid (1,2%) for 1, 12, and 24 h, 

followed by washed with tap water and treated with HCl solution (4%) for 1, 12, and 24 h to increase 

swelling. The final extraction was carried out with distilled water at weight ratio of water/bone  =  3  at 60 

and 80 °C for 5 h. The extract was filtered through Whattman No.42 filter paper under vacuum. The yield 

of the gelatin was characterized using FTIR. 

2.4.  Synthesis of mesoporous silica 

Gelatin with distribution value of molecular weight around 120-160 kD was used as a template in 

synthesis of mesoporous silica. Typical  synthesis  procedure  for the  mesoporous  silicas  with  bovine 

bone gelatin as template using hidrotermal method according to the method of Hsu et al. [2] with some 

modifications as following:  1.0 g  of  gelatin  was  dissolved  in  25.0  g  of  water  to  form  a  clear 

solution.  A  solution  of  a  4.0  g  of  sodium silicate  and  a  25.0  g  of  water  added with a drop of  0.1 

M  H2SO4 until  pH  value  was  adjusted  to  about 5.0  at  40°C was prepared.  Then,  the  gelatin  

solution  was  poured  directly  into  the  silicate  solution  under  stirring  and  precipitate  was  generated  

within seconds.  After  stirring  for  1 h, the  pH  value  of the  gel  solution  was  adjusted to  6.0-3.0.  

Finally,  the  gel solution  was  transferred  into  an  autoclave,  and hydrothermally  treated  at  100°C  for  

24 h.  The solid obtained was then washing, drying and calcining at 550°C  produced  the  mesoporous  

silica. The mesoporous silica was characterized using FTIR, GSA, TEM. Typical synthesis  procedure  for 

the  mesoporous  silicas  with  bovine bone gelatin as a template using sonochemical method was carried 

out in the same procedure as the hydrothermal method but the step of hydrothermally treated was changed 

into sonication using sonicator for 90 min. 

3.  Results and discussion 

The gelatin‘s major peaks occurred in the FT-IR spectrum were shown in figure 1. Four main regions 

were identified: 3448–3400 cm–1 (amide A), , 1651–1635 cm–1 (amide I), 1550–1527 cm–1 (amide II) 

and 1095–670 cm–1 (amide III). These peaks were similar to those reported by Muyonga et al. [6].  The 

amide A peak absorption was due to N–H stretching, amide I peak to C=O stretching, amide II peak to N–

H bending and C–N stretching vibrations, while the amide III peak is a complex system mainly associated 

to CH2 residual groups from glycine and proline [7-8]. 
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Figure 1. FT-IR Spectra of gelatin  

 

 

Bovine bone gelatin which is selected as the template is gelatin that obtained from pretreatment 

with NaOH, citric acid, and HCl for 24 h and followed by hydrolysis at 80 °C. Gelatin from this variation 

has the distribution value of molecular weight around 120-160 kD. The value of molecular weight 

distribution indicated that the gelatin result was constituted by α chains.  
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Figure 2. Adsorption-desorption N2 of 

mesoporous silica synthesized by hydrothermal 

method 

 Figure 3. Adsorption-desorption N2 of 

mesoporous silica synthesized by sonochemical 

method 

 

The result of BET-BJH  analysis in figure 2 and 3 showed that mesoporous silica with 

hydrothermal method has a pore diameter size of 5.14 nm with surface area of 356,18 m
2
/g and 

mesoporous silica with sonochemical method has a pore diameter size of 3.13 nm with surface area of 

451,39 m
2
/g. These results indicated that these two synthesis methods (hydrothermal and sonochemical) 

were capable of producing mesoporous silica with meso scale pore diameter. Both of mesoporous silica 

has a type IV isotherm with H3 hysterisis type. These data indicated that both of mesoporous silica has a 

slit shape pore. 

 

 

 

 

Figure 4. TEM micrograph of mesoporous 

silica synthesized by hydrothermal method 

 Figure 5. TEM micrograph of mesoporous silica 

synthesized by sonochemical method 
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TEM result in figure 4 and 5  showed that the both mesoporous silica have the wormhole-like 

pores shape. This result was also shown by Hsu et al. (2007) in their synthesis of silica mesopore. 

4.  Conclusion 

Gelatin from bovine bone can be used as a template for synthesis of mesoporous silica using hidrotermal 

and sonochemical methods. Mesoporous silica with hydrothermal method has a pore diameter size of 5.14 

nm with surface area of 356,18 m
2
/g and mesoporous silica with sonochemical method has a pore 

diameter size of 3.13 nm with surface area of 451,39 m
2
/g. Both of mesoporous silica have pores shape of 

wormhole-like. 
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Abstract. The objectives of this study is to determine the effectiveness of clay/andisol soil adsorption 

toward copper (Cu) metal ions with varied composition of clay/andisol soil, calcination temperature, 

flow rate, and type of isotherm. The study was conducted with varied composition of clay/andisol soil: 

(0:100), (25:75), (50:50), (75:25), and (100:0); calcination temperatures: 100, 200, and 400 °C; and 

flow rate: 1.3, 2.2, and 3.6 mL/min. Clay was used without chemical activation process, while andisol 

soil was used with chemical activation process by soaked in 3M NaOH for 5 hours. The Langmuir and 

Freundlich adsorption isotherm equation was used to determine the adsorption type. The amount of 

adsorbed Cu metal ions was analyzed by AAS spectrophotometer. The adsorbent characterization was 

analyzed by FTIR, XRD, ammonia adsorption method, and SAA. The FTIR spectrum shows the 

changes of the peak intensity of the adsorbent after adsorption. It indicates the absorption of Cu ions. 

The adsorption of the Cu metal ion was optimum at the ratio of clay/andisol soil 25:75. Meanwhile, 

the optimum calcination temperature is 400 °C, and the optimum flow rate is 1.3 mL/min. The 

optimum adsorption capacity is 0.344 mg/g. The types of adsorption in this study follow the 

Freundlich and the Langmuir isotherm.  

1.  Introduction  

The rapid development of metal craft in various regions will increase waste that caused 

environmental pollution. If there were no waste processing, increased number of craft will be followed by 

number of waste in the form of solids, liquids and gases. Most of metal craft produce wastewater 

containing heavy metals. Heavy metal waste may cause various disorders and diseases on humans 

(Permanasari et al., 2010). The waste of heavy metals such as copper is an example of contaminants that 

has potential to damage human‘s physiology system and other biological systems if it passed the tolerance 

level. The liquid waste of heavy metals copper itself affects human for long periods which can lead to 

nervous system disorders, paralysis, and early death as well as a decrease in children intelligence levels 

(Widaningrum et al., 2007).  

There were several studies in the literature which reports processing methods to process heavy 

metal copper in the industrial waste (Sivaiah et al., 2004; Wisnubroto, 2002; Slamet et al., 2003; 

Purwaningsih, 2009), such as chemical reduction, precipitation, ion exchange and adsorption. Among all 

of the methods, adsorption is commonly used due to its simple process and easy obtained ingredients. 

Either column or batch system can be used in adsorption process. Setiaka et al. (2010), pointed that 

column system is more beneficial than batch system, because the solution always contacted with adsorbent 

caused adsorbent to adsorb optimally until the saturated condition. Column system has two flows: down 

mailto:pak_pran@yahoo.com
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flow and up flow (Setiaka et. al., 2010). The adsorbent are frequently used such as Andisol soil, clay, 

activated carbon, and humic acid. Adsorption which uses activated carbon requires high energy (Slamet et 

al., 2003). In the other hands, Nurmasari et al. (2013) mentioned that humic acid can easily dissolve in 

water. The soil adsorbent has vast research and low cost that caused this adsorbent to minimize costs 

(Potgeiter et al., 2005). 

Clay has good adsorption. Moreover, the advantages of clay as an adsorbent are also supported by 

its characteristics include high specific surface area, chemically and mechanically stable, various surface 

structure, and high ion exchange capacity (Gupta and Bhattacharyya, 2008). However, clay gives less 

optimal result without been modified first. This is due to clay‘s characteristic, which is easily adsorb water 

and various kinds of pores (Suarya, 2012). The various studies had been done on clay resulted that the 

activity of non-modified clays generally is not so high, so it‘s necessary to modify clays both physically 

and chemically in order to increase the clay activity (Negara, 2005).  

Indonesia as one of the most active volcanic countries in the world has abundant of Andisol land. 

Isoyama and Wada (2005) in their research mentioned volcanic Andisol soil containing allophane under 

acidic conditions have metal ion absorption of lead (Pb). Parfitt (2009) showed that physical and chemical 

characteristic of Andisol soil are well used as an adsorbent of heavy metal and pathogens. Andisol soil of 

Lawu Mountain is containing allophone, which has ability in absorbing Cd metal electroplating waste 

0.0386  0.0008 (Nugroho, 2008). In order to improve the absorption level of natural Andisol soil, a 

chemical activation is required to activate the cluster of Andisol soil and increases the acidity and the 

specific surface area. 

According to the specific characteristic of clay and Andisol soil, therefore it is possible to increase 

the active group if the andisol soil and clay are mixed. Due to the clay and Andisol soil have the same Si-

OH, Al-OH, and –OH groups. In this research the mix of clay and andisol soil at various compositions 

was used to adsorb Cu ions int the waste metak craft.  

2.  Research methods 

Electric analytical balance (Mettler PB 300 Type ER-182 A), a set of  column tool, Fourier 

Transform Infra-RedSpectrophotometer (FT-IR) (type Shimadzu FT-IR 8201 PC), Atomic Absorption 

Spectroscopy (AAS) (Shimadzu type AA- 6650 F), X-Ray Diffractometer (XRD) (Shimadzu type 600), 

Surface Area Analyzer (SAA), Shaker (Ogawa Seiki type OSK 6445), hotplate and Stirer (Thermolyne 

type 1000 Stirer plate), Furnace, Mortar and Mortal, sieve size 150 mesh, pH meter, pliers clamp, 

desiccators, Crucible, set of glassware, universal Indicator 

 

Materials 

Materials used here are liquid waste from metal craft in Tumang, (Boyolali - Central Java), distilled, 

aquabidest, clay from  Sokka area (Kebumen - Central Java) Andisol soil from Cemoro Kandang ( Lawu - 

East Java), HNO3, the core liquor Cu 1000 ppm, NaF powder, filter paper (Whatman 40), CH3COOH, 

CH3COONa 

 

Adsorbent Preparation 

Clay which was used in this study came from Sokka Central Kebumen, Central Java, Indonesia. The clay 

was collected by using a hoe. The obtained clay then dried and crushed until it‘s smooth. Sieve clay with 

150 mesh sieve. The powder which passes 150 mesh was soaked in distilled water and filtered then dried 

at a temperature of 105 
o
C for 4 hours. Dried clay powder then characterized. 
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Furthermore, Andisol soil which was used in this study came from Cemoro Kandang, Lawu 

mountain East Java. Andisol soil collected by using a shovel. The obtained Andisol soil were washed with 

water and dried with aerated to dry and dissolved until finely crushed. Andisol soil sieved to 150 mesh 

sieve. The powder which passes 150 mesh were soaked in distilled water and filtered then dried at a 

temperature of 105 
o
C for 4 hours (Sulistyarini, 2012). Dried Andisol soil powder chemically activated by 

5 grams of Andisol soil put into a glass beaker of 50 mL then added 25 mL of NaOH at 3 M 

concentration. The mixture was stirred at temperature of 70
 o

C with stirring hour 5 hours, then cooled. 

After the mixture turned cool then it was filtered and washed with distilled water until the filtrate pH reach 

neutral or similr withsolven pH. Furthermore, natural Andisol soil dried in an oven for 4 hours at a 

temperature of 105 
o
C (Sulistyarini, 2012). Chemically activated dried Andisol Oil then characterized. 

 

Adsorbent Activation  

Physical activation of adsorbent was done by heating process. Before physically activated, the adsorbents 

made by variations of composition between clay and nature ndisol Oil, such as 100: 0, 25:75, 50:50, 

75:25, and 0:100. Mixture of each variation of adsorbent composition which carried out by stirrer stirring 

for 1 hour and then sonicated for another 1 hour and then separated between the residue and the filtrate. 

The residue washed with aquabidest, followed by drying the rest of the solution in a drying oven at 105
o
C 

for 4 hours. Clay / dried Andisol soil then crushed with a mortar and again sieved with a 150 mesh sieve. 

Furthermore each adsorbent with variation composition activated physically by calcination. The 

calcination was done with a temperature variation of 100 
o
C, 200 

o
C, and 400 

o
C for 3 hours. 

 

Creating Cu standard curve 

In creating Cu solution with a concentration of 0 ppm; 1 ppm; 2 ppm; 4 ppm; 8 ppm; 12 ppm, the 

adsorbance of solution then measured by AAS and made the connection curve between absorbance with 

metal concentration. 

 

Creating blanko solution 

4.2 mL of saturated HNO3 solution was put in 1000ml flask then added aquades to the limit. 

 

Creating 100 ppm CU the core liquor 
10 mL of standar Cu solution 1000 ppm put in a 100 ml flask then added the HNO3 blanko solutions to the 

limit. 

 

Creating buffer solution with pH 6 

The buffer solution was made by puting CH3COOH acid solution and its salts CH3COONa.100 mL of 0.1 

N CH3COOH was added with 400 mL of 0.5 N CH3COONa while pH was checked by using pH meter. 

 

Creating 10 ppm Cu solution on pH 6 (model solution) 

100 mL of 100 ppm Cu was put into the 1000 mL flask then was added buffer solution pH 6 to the limit. 

 

Adsorption of Cu metal ion in Cu standard solution using coloumn methods. 

0.5 grams adsorbent (each composition and heating temperature) put into a column with 2 cm diameter 

already given 0.25 grams of glaswol. Then flowed with 25 ml of 10 ppm Cu solution (pH 6) with variation 

flow rate 1.3 mL/min; 2.2 mL/min; 3.6 mL/min. Then filtered filtrate Whatman paper No.40. Then, 
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measured solution by Atomic Absorption Spectroscopy (AAS) to determine the concentration after 

adsorption. The adsorped Cu metal ion calculated from the concentration of initial Cu reduced 

concentration after adsorption process and obtained the best flow rate. 

 

Determination of Adsorption isotherm  

Obtained the best results of adsorbent performance tests then adsorped with vary adsorbate concentration 

to determine the type of adsorption isotherm. 0.5 grams of adsorbent (bestcomposition and heating 

temperature) put into column already given 0.25 grams glaswol. Then flowed by 25 mL of Cu solution 

(pH 6) (2, 4, 6, 8, 10, 12 ppm) with the best flow rate. Then the filtrate is filtered with Whatman paper 

No.40. Solution then measured by Atomic Absorption Spectroscopy (AAS) to determine the concentration 

after adsorption. The results obtained were analyzed by Langmuir and Freundlich isotherm. 

 

Cu metal ion adsorption in copper industrial waste with column method. 

0.5 gram of adsorbent (best composition and temperature) put into column that already given 0.25 grams 

glaswol. Then, it was flowed by 25 mL of waste (pH 6) with the best flow rate. Then filtered the filtrate 

with Whatman paper No.40 and destructed it with saturated HNO3 until the solution became colorless. 

The solution then measured by Atomic Absorption Spectroscopy (AAS) to determine concentration after 

the adsorption. Adsorped Cu Metal calculated from the initial concentration reduced by concentration 

after adsorption process. 

3.  Results and discussion 

Adsorbent characterization  

Adsorbent characterization include NaF test, FTIR, XRD, surface area and acidity. NaF test aims to 

determine allophane, which contained in andisol soil of Lawu Mountain. Allophane is contained in andisol 

soil known by pH measurement from 1 gram of soil in 2 minutes of 50 mL 1M NaF solution and if pH 

value is bigger than 9.4 showed that soil contained high allophane minerals (Munir, 1996). From the 

measurement of NaF test resulted the Mh is 11.67 showed that the sample of mountain Lawu‘s andisol 

soil contain high allophane minerals.  

Adsorbent was used in this study initially characterized by FTIR aimed to determine the major 

functional groups within the structure of clay and Andisol soil. The sample observations were conducted 

at the wave number between 400 and 4000 cm
-1

. The functional group of clay and Andisol soil are shown 

in Figure 1. 
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Figure 1. (a) Functional Groups of Clay, (b) Functional Group of andisol soil 

 

Table 1 shows that there is no difference adsorption between clay and Andisol soil, both have 

gropus –OH, Si-O, Al-O. The absorption based on the literature shows that there are some minerals in 

clays include kaolinite, calcite, gibsit, feldspar, and allophane. While Andisol soil indicates mineral of 

kaolinite, gibsit, feldspar, and allophane. In addition, another adsorption possible taken is organic 

impurities contained in clay and Andisol soil. These results are supported by XRD characterization. 

XRD characterization was conducted to determine  mineral content which is found in clay and 

Andisol soil. Clay was used in this study had no chemical activation. Based on the previous research by 

Lihin et al. (2012) in which chemically activated clay and clay without chemical activation has no 

significant difference adsorption capacity values. Therefore, in this study the clays were not chemically 

activated. As clay, Andisol soil analysis results using X-rays showed that Andisol soil has some mineral 

deposits. Before characterized Andisol soil first chemically activated to the addition of 3M NaOH for 5 

hours. According Widjonarko (2003) activation of Andisol soil containing allophane using NaOH is more 

effective than H2SO4. The Andisol soil after chemical activated characterized using XRD. Diffractogram 

of clay minerals and soil Andisol shown in Figure 2 and Figure 3. 
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Table 1. Analysis data of clay FTIR and Andisol soil 

Functionl group 

Wave Number (cm
-1

) 

Reference Clay Andisol soil 

Reach –OH 
3700-3000 (

4
) 

3455(
2
) 

3628.22 

3419.53 
3430.09 

Asymmetric span of 

Si-O or Al-O 

1039.6 (
4
) 

973.1108 (
2
) 

1028.35 1004.68 

Bending Vibrations of 

Si-O  or Al-O 

470.6 (
1
) 

485. 579 (
2
) 

538.28 

464.06 

557.18 

461.71 

Bending vibrations of H-O-H 1640 (
5
) 1636.27 1661.73 

Kaolinite 

3600-3800 (
1
) 

 

1030 (
3
) 

3628.22 

 

1028.35 

 

1004.68 

Calcite 713.82 (
6
) 789.84 - 

Gibbsite 

3400-3500 (
1
) 

 

1030 (
1
) 

3419.53 

 

1028.35 

3430.09 

Feldspar 647 (
3
) 673.43 684.37 

Allophane 1640; 1040; 470 (
2
) 

1028.35 

464.06 

1661.73 

461.71 

Explanation: 

(
1
)  : Tan (1982) (

4
) : Wijaya in Wogo et al., (2013) 

(
2
)  : Devnita et al.,(2005) (

5
) : Permanasari et al., (2010) 

(
3
)  : Hemamalini et al., (2011) (

6
) : Plasvic et al., (1999) 
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Figure 2. Diffractogram of clay XRD 

 
Figure 3. Diffractogram of Andisol soil XRD  

Explanation: A=Alofan, F=Feldspar, G=Gibbsit, K=Kaolinite, M=Montmorillonite 

 

Clay and Andisol soil analysis resulted with X-ray diffraction method showed that clay and Andisol soil 

were used in this study contained several minerals as proofed by the appearance of characteristic 

diffraction peaks at 2θ. XRD analysis data result of clay and Andisol soil are shown in Table 2. 

 

Performance Test of Adsorbent to Copper Metal Ion (Cu) 

Adsorbent test performance for Cu metal ions conducted to determine the most optimum adsorbent to 

absorb Cu metal ions. Adsorbent that would be used for adsorption process is made of variation 

composition first. The composition used ratio between clay and Andisol soil include 100:0, 75:25, 50:50, 

25:75, 0:100. Each of adsorbent was physically activated. Physical activation used variation in 

temperature of 100 °C, 200 °C and 400 °C. Activation adsorbent aimed to dissolve organic and inorganic 

impurities that fills the cavity. With the reduction of impurities on the surface, the solid element become 

clean and surface area as well as acidity increase. 

Adsorption process is influenced by several factors, including particle size of adsorbent, contact 

time between adsorbent and adsorbate, acidity (pH), and temperature. In this study, we want to determine 

the influence factor include composition of adsorbent, adsorbent calcination temperature and flow rate. 

Activated adsorbent, then used for adsorbed 10 ppm Cu metal ions. The adsorption process was done by 

varying the flow rate of 1.3 mL / min; 2.2 mL / min; 3.6 mL / min at pH 6 of solution with a column 

method. In this study, the reason of using pH 6 because at pH greater than 6.28 can result in the deposition 

of Cu becomes Cu(OH)2 affect adsorption process (Sajidu et al., 2006). Cu metal ion adsorption analysis 

was done based on the concentration absorbed. 

Test performance adsorbent for the most optimum absorption of Cu metal ions capacity is 

determined by absorption of highest copper metal ion. The results of adsorption with column method, 

adsorbent that can absorb Cu metal ions effectively is adsorbent with composition of clay / Andisol soil at 

25:75 temperature of 400 
o
C with a flow rate of 1.3 mL / min. In these conditions adsorbent having 

adsorption capacity of 0.344 mg / g, it means that 0.344 mg Cu metal ions can be absorbed by 1 gram of 

adsorbent on the composition (C / A) 25:75 at a temperature of 400 
o
C, with an average concentration 

6.889 ppm and percentage of absorption at 70.08% of initial concentration 10 ppm Cu standard. Statistical 

test using single variation factor analysis Duncan method with confidence level of 95% has also been done 
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to support the results of which can be seen in Appendix 4. Graphic of the results of adsorption of the metal 

ions Cu with a column method can be shown in Figure 4. 

 

Tabel 2. Data Analysis of cly and Andisol soil 

d (Å) Type of Mineral 

Reference Clay Andisol Soil 

3.300; 2.250; 

1.800; 1.400 

1.230 (
1
) 

3.3183; 2.2689; 

1.8111; 1.48424 

3.3914; 2.9661; 2.2601; 

1.8081; 1.4152 

Allophane 

4.0-4,2; 6.3-6.45 

(
2
) 

4.0086 4.0046; 4.0662; 4.1297; 

4.1681; 4.2881; 6.3338 

Feldspar 

3.7800; 3.6200; 

3.2400; 2.8940; 

2.7670; 2.6000; 

2.5160 (
3
) 

3.6736; 3.1752 3.6907; 2.8862; 2.7358; 

2.6096; 2.50325 

3.30 (
2
) 3.2782 3.1597 Gibbsit 

4.35-4.36 (
2
) 4.4318; 4.3541 3.7858 Kaolinite 

5.4342; 3.2865; 

3.1961 (
4
) 

 5.4483; 3.2693; 3.1986 

12.0-15.0 (
2
) 13.8860; 14.7183; 

15.6017 

13.7137; 13.0652; 

12.1259 

Montmorillonite 

Explanation: (
1
) = JCPDS 38-0449, (

2
) = Tan (1982), (

3
) = JCPDS 22-1212, (

4
) = JCPDS 72-2300 

 

Table 2 show that clay containing minerals allophane (45.97%), feldspar (31.74%), gibbsit (1.93%), 

kaolinite (15.79%), and montmorillonite (4.55%). While the Andisol soil containing mineral allophane 

(14.53%), feldspar (46.74%), gibbsit (4.87%), kaolinite (24.85%), and montmorillonite (10.50%). 

 

Figure 4 shows adsorbent with flow rate 1.3 mL / min had more effective adsorption capacity than 

adsorbent with flow rate 2.2 mL / min and 3.6 mL / min. The comparison of clay / Andisol soil adsorbent 

(100: 0), (75:25), (50:50), (25:75), and (0: 100) having optimum flow rate 1.3 mL / min compared with 

flow rate 2.2 mL / min and 3.6 mL / min. Since at flow rate 1.3 mL / min occurs annealing process at Cu 

metal ion in adsorbent active group with long time period and resulted optimization in adsorption process 

compared with flow rate of 2.2 mL / min and 3.6 mL / min. Meanwhile, at flow rate of 2.2 mL / min and 

3.6 mL / min decreasing due to attachment of Cu metal ion in the adsorbent active group occurs for long 

enough to make adsorption capability less optimal and cause small adsorption capacity. The comparison 

of composition variation adsorbent, calcination temperature and flow rate on the adsorption capacity can 

be shown in Figure 5. 
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Figure 4. Result Graph of adsorption to Cu metal ions with column method 

 

In addition, calcination temperature plays crucial role in adsorption process. Figure 5 shows that 

clay / soil Andisol adsorbent (100: 0), (75:25), (50:50), (25:75), and (0: 100) shows at temperature of 400 

°C has bigger adsorption capacity than temperature of 100 and 200 °C. This may indicate that at 

temperature of 400 °C impurities on adsorbent surface disapeear and provide more area for adsorption 

process. Meanwhile, when calcination temperature of 100 and 200 °C, the adsorbent surface still covered 

by impurities which make the adsorption capability not optimal. 

This is supported by a results of SAA (Surface Area Analyzer) that clay / Andisol soil surface area 

(25:75) of 400 °C is greater than surface area of pure clay and Andisol soil. Since clay / Andisol soil 

(25:75) 400 °C conducted mixing between clay and Stiring chemically activated Andisol soil and both 

sonication respectively for 1 hour. There was chemically activation for clay in this study. Based on the 

previous research by Lihin et al. (2012) in which chemically activated clay and clay without chemical 

activation has no significant difference of adsorption capacity values. However, Andisol soil chemically 

activated by addition of 3M NaOH for 5 hours. According Widjonarko (2003) the activation of Andisol 

soil containing allophane using NaOH increases more effective surface area (1.62%) compared with only 

using H2SO4 (0.97%). Stiring mixing and sonication is expected to be a homogeneous mixture. 

Furthermore, physically mixture of clay / Andisol soil activated by calcination temperature variations on 

adsorbent. Chemical and physical activation of clay / Andisol soil lead active groups on adsorbent 

becomes active and larger of adsorbent surface area. The surface area provides size of area on clay 

surface, Andisol soil, and clay / Andisol soil (25:75) to 400 °C in adsorption process of Cu metal ions. 
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Explanation: Clay/Andisol Soil (1=100:0, 2=75:25, 3=50:50, 4=25:75, 5=0:100); Calcination Temprature 

(A=100, B=200, C=400) 

Figure 5. Comparison of Adsorbent, calcination temperature and Flow Rate Compotition Variation on 

Adsorption Capacity 

 

 

Table 3. The results of Surface Area Measurement 

Adsorbent Surface area (m
2
/g) 

Clay 245.790 

Active Andisol Soil 257.841 

L/A (25:75) 400 °C 312.775 

 

Based on the results of IR spectra, it was stated interactions of Cu metal ions compound with an 

adsorbent. Compounds Cu metal ions in aqueous solutions is {Cu(NO3)2.4H2O}. The formation of 

complex allows interaction of hydrogen bonds with adsorbent. It is indicated dilation and increased 

intensity at the wave number 3400 cm
-1

(OH stretching) of 12.58% T and the wave number 1600 cm
-1

(OH 

bending) of 8.64% T. The differences of increase %T at OH stretching vibration is greater than OH 

bending vibrations, due to hydrogen bonding presence OH stretching vibration occurs easier than the OH 

bending vibration. In addition, coordination covalent bonds with adsorbent have shown a decrease in 

intensity at wave number region in 1000 cm
-1

amounted to 9.39% T which showed reduced group O-Si-

O/O-Al-O and shift of adsorbent peak before adsorption on 516.92 cm
-1

wave numbers to 532.35 cm
-1

on 

adsorbent after adsorption. Shift wave number becomes 532.35 cm
-1 

is
 
closer to the wave number of 527 

cm
-1 

which is a Cu-O uptake by Basu (2010). The IR spectra before and after Cu adsorption can be shown 

in Figure 6. 

 

Compotition / Temperature 
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Figure 6. (a) Adsorbent Before Adsorption, (b) Adsorbent After Adsorption 

 

Furthermore, analysis result of clay/Andisol soil (25:75) 400 
o
C before and after adsorption with 

X-ray diffraction methods shows that it contains of some minerals that play role in adsorption process and 

is proofed by appearance of characteristic diffraction peaks at 2θ. XRD results clay / Andisol soil (25:75) 

400 
o
C before and after adsorption can be shown in Figure 7 (a) and (b). 

 

 
Explanation: A=Allophane, F=Feldspar, G=Gibbsit, K=Kaolinite, M=Montmorillonite 

 

Figure 7. (a) The results of XRD adsorbent Before Adsorption, (b) Adsorbent After Adsorption 
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Table 4. Results XRD data of clay / Andisol soil (25:75) 400 °C 

d (Å) 

Type of Minerals 
Reference 

Clay/Andisol soil (25:75) 400 °C 

Before Adsorption After Adsorption 

3.300; 2.2500; 

1.800; 1.400; 1.230 

(
1
) 

3.348; 2.245; 1.857; 

1.403; 1.224 

3.339; 1.816;  

1.489; 1.401; 1.254 

Allphane 

4.0-4.2; 6.3-6.45 (
2
) 4.262 4.255; 4.275 Feldspar 

3.7800; 3.6200; 

2.9910; 2.7670; 

2.6000; 2.5160 (
3
) 

3.711; 3.653; 2.985; 

2.559 

3.761;  3.641; 

2.963; 2.748;  2.563 

3.30 (
2
) 3.186 3.140 Gibbsit 

4.35-4.36 (
2
) 4.307; 4.354 4.476 Kaolinite 

5.4342; 3.2865; 

3.1961 (
4
) 

3.2937; 3.1863 3.2843; 3.1745 

12.0-15.0 (
2
) 12.355; 13.1039; 

13.6057 

12.275; 13.5856 Montmorillonite 

Explanation: (
1
) = JCPDS 38-0449, (

2
) = Tan (1982), (

3
) = JCPDS 22-1212, (

4
) = JCPDS 72-2300 

 

The high enough amount of allophane on adsorbent of clay/Andisol soil (25:75) 400 °C showed 

that allophane mineral plays role in the process of Cu metal ions adsorption. This is proffed by the 

decreasing amount of clay/andisol soil minerals adsorbent after adsorption. Moreover, after adsorption 

uptake appears at d = 6.443; 3.606; 2.732 (JCPDS 87-1663); 2.0411; 1.276; and 1.092 Å(JCPDS 85-1326) 

indicate the presence of Cu metal ions successfully absorbed by clay /  Andisol soil adsorbent  (25:75) to 

400 °C. XRD data results data of clay /  Andisol soil (25:75) to 400 °C before and after adosrpsi shown in 

Table 4. 

Table 4 indicated that the samples of clay / Andisol soil (25:75) 400 °C before adsorption 

containing allophane minerals (15.28%), gibsit (3.75%), feldspar (43.22%), kaolinite (26.60%), and 

montmorillonite (11.77%). Whereas samples of clay / Andisol soil (25:75) 400 °C after adsorption 

containing allophane minerals (14.82%), gibsit (5.25%), feldspar (39.18%), kaolinite (31.67%), and 

montmorillonite (9.06%). 

The occurrence of Cu ion adsorption by the adsorbent is also corroborated by acidity number 

using alkaline ammonia adsorption method. Adsorbent acidity values after adsorption decrease compared 

adsorbent before adsorption; these conditions stated that there has been an interaction between Cu metal 

ions with adsorbent. The data of acidity numerical values are shown in Table 5. 

 

Table 5. Data Value of Adsorbent Acidity Number Before and After Adsorption. 

L/A 25:75 (400 °C) Acidity Number (mmol/g) 

Before Adsorption 2.059 

After Adsorption 1.471 

 

The possible reaction occurs during adsorption process by column method is shown by Figure 8. 
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+  Cu
2+

 +  2H
+ 

 

 

 

 

 

Figure 8. Possible reactions occur on Adsorption Process Column Method (Ghoneim et al., 2006) 

 

The adsorbent has maximum adsorption capacity at Cu standard solution used to determined adsorption 

type and applications on industrial waste of copper craft. 

 

Determination of Adsorption isotherm 

Adsorption isotherm used to determine the type of adsorption occurred according to Langmuir or 

Freundlich equation. Isotherm determination based on R
2
 value of each, R

2
 value is close to 1, which 

means less error rate. This determination is made by adsorption of Cu metal ions with the best adsorbent 

include adsorbent with composition of the clay / Andisol soil (25:75) at temperature of 400 °C and flow 

rate of 1,3 mL/min. Variations of Cu concentration was used were 2, 4, 6, 8, 10 ppm. Based on the data, 

the test used a simple linear regression equation of Langmuir and Freundlich. Langmuir isotherm equation 

is determined by using the Langmuir isotherm equation  =  + and made curve Ce vs 

Ce/Qe. 

Furthermore, the Freundlich isotherm equation is determined using Freundlich isotherm equation 

Log Qe = Log K +  Log Ce then made curve Log Ce vs Log Qe. 

Langmuir isotherm showed that adsorption process occurs chemically is adsorbent active group 

that will interact with Cu metal ions in solution by forming coordination covalent bond and form a 

compound. Adsorption process according to Langmuir suggests that the interaction between Cu with 

adsorbent surface on the formation of monolayer. 

Freundlich is an isotherm which describes physically adsorption process. Physical adsorption 

occurs when intermolecular force is greater than attractive force between molecules. The interaction 

occurs when heavy metals entering adsorbent pores without forming a bond or interact with a weak 

binding energy include through van der Waals bonding. The weak pull forces cause adsorbate to move 

from one surface to another adsorbent‘s surface. Van der Waals bonding happened between the adsorbent 

and Cu metal. In accordance with calculated adsorption isotherms is showed the presence of physical 

adsorption process does not occur electron transfer so that is only a weak bonds. 

Langmuir and Freundlich isotherm curves for Cu metal ions can be seen in Figure 9 and Figure 10. 

Based on R
2
value of Langmuir and Freundlich isotherm above, it can be seen that R

2 
value from 

Freundlich isotherm at 0.999 with line equation y = 0.909x – 0.906, while the Langmuir isotherm at 0.952 

with line equation y = 0.51x + 7.471. Based from both R
2 

value, Freundlich equation R
2 

value is higher 

than Langmuir equation R
2 
value although both approaches value of 1 with no significantly difference. It 

can be concluded that this study follows the Freundlich isotherm and Langmuir isotherm or adsorption 

processes occur in physics and chemical. 
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Figure 9. Langmuir Isotherm Curve for Cu 

Metal Ion 
Figure 10. Freundlich Isotherm Curve for 

Cu Metal Ion 

 

Adsorbent Adsorption Effectiveness test against Cu Metal Ions in Solution Model and Waste Metal 

Crafts 

This adsorbent adsorption effectiveness test used optimum composition includes adsorbent clay / Andisol 

soil 25:75 (400 °C) with flow rate of 1.3 mL/min. The waste which was used was the waste of metal craft 

from area Tumang, Boyolali, Central Java. To determine adsorbent ability adsorbed Cu metal ion, then we 

made adsorption comparison with best adsorbent on solution model and waste. Comparison of Cu metal 

ion adsorption capacity in Solutions model and metal crafts are shown in Table 6. 

 

Table 6. Capabilities Data of Cu Metal Ion Adsorption in Model Solutionand Waste Metal Crafts 

Cu Metal Ion 

Initial 

Concentrations 

(ppm) 

Residue 

Concentrations 

(ppm) 

% adsorbed 

Waste Metal Craft 582.450 449.000 22.91 

Model Solution 9.830 2.941 70.08 

 

From table, it can be seen that the ability of adsorbent adsorbing Cu metal ions in waste metal 

craft smaller than the model solution with a difference of 47.17%. This happened because a lot of element 

ions and other matrix in the waste solution. The presence of element ions such as aluminum and zinc as 

well as other matrix competing in the waste cause smaller adsorbed Cu metal ions. In the other hand, the 

formation of complex Cu metal ions in the water resulting larger moleculer so the interaction with 

adsorbent become small. While o model solution only consists of Cu ions, so that there is no other 

components which interfere in adsorption process. 

4.  Conclusion 

The greater amount of Andisol soil used in clay / Andisol soil adsorbent composition the higher 

calcination temperature is used, the adsorption capacity of the Cu metal ion become greater. The most 

optimum adsorbent composition in this study is adsorbent clay / Andisol soil 25:75 with heating 

temperature of 400 °C. Smaller flow rate between adsorbent and adsorbate results in better adsorption 

process. The most optimum time flow rate to the effectiveness of adsorbents (clay / Andisol soil) in the 

absorption of Cu is at flow rate of 1.3 mL / min with the adsorption capacity of 0.344 mg/g. The best type 

of Cu metal ion adsorption isotherm was generated by adsorbents (clay / Andisol soil) used column 
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methods followed Langmuir and Freundlich isotherm. The percentage of adsorbent in absorbing Cu metal 

ions in solution model is more effective than the model of waste metal crafts ie 70.08% and 22.91%. 
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Abstract. Indonesia has high plant diversity that enough with potency to utilize plant as alternative 

energy that base on harnessed and plant cultivation. Gendruwo (Sterculia foetida  Linn.) constitute 

one of plant which can be utilized as biofuel's raw material. Energy from plant have miscellaneous 

form, then can be use or changed into another form depend on human requirement. Vegetation Fueled 

(BBN) development is a method or cultivates and plant / animal / organism exploitation that take its 

benefit from component in it and used as ―biofuel”. Biofuel‘s development as alternative energy gets 

to be grouped becomes 3 which are as bioethanol (premium substitution / gasoline), biodiesel (diesel 

fuel substitution), and bio oil (lubricating oil substitution). Gendruwo's plant (Sterculia foetida Linn) 

can result genderuwo's oil from its extract seed. Gendruwo's oil was pulled out from gendruwo's seed 

using pressure and esterification method. Gendruwo's oil rendemen was 65 % – 75 % laboratory level. 

Gendruwo's oil can be use straightforward as hydraulic fluid and also can be applied for vehicle 

machine and industry machine with purification gendruwo's oil to reduce acids contained. 

1.  Introduction 

The needs of energy is increasing day by day, together with the number of population and human‘s needs. 

The increase in energy demand is not matched with the increase in energy source in nature, especially 

from the energy that derived from fossil fuels. There‘s a basic theory which said that plants is a complex 

energy machine that has so many process and produced a huge energy in so many forms. 

Indonesia is one of country with solid enough resident amount, so that requirement of energy is also 

high. Requirement of energi increased from year to year, while supply of energy decreasing. This situation 

push human being look for the source of new energi. Indonesia rich of natural resources and plants, 

owning big potency in searching alternative energy to fulfill requirement. Therefore, time has come to 

develop the source of alternative energy exploited natural resources and existing plant developed Fuel 

Vegetation ( BBN) or biofuel. One of the crops able to be developed for the fuel of vegetation and not yet 

recognized many like castors, coconut of sawit, and sugar cane are Gendruwo (Sterculia foetida Linn.). 

Government regulation released push to get the source of new energy able to be exploited as alternative 

fuel. Inpres number 1 year 2006 expressing concerning ready and exploiting of vegetation fuel ( Biofuel) 

as alternative fuel and of Peraturan Presiden number 5 year 2006 concerning national energy that 

exploiting of year biofuel 2010 equal to 1.7 million litre kilo ( kl), year 2015 equal to 4.0 million kl, year 

2025 equal to 22.0 million kl. 

Gendruwo (Sterculia foetida Linn.) or a more regular recognized by the name of Kepuh is one of crop 

species in Indonesia coming from African East, Asian Tropic and Australian. This Crop in the form of big 

enough tree highly reach 30 metre. Crop of Gendruwo or Kepuh can grow swiftly and is species which 
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each every the body organ shares of many be of benefit to human lives. According to Tirto Prakoso, ect. 

(2006) and Suprapto (2003), seed of Pranajiwa or kepuh oleaginous vegetation which consist of fat acid 

that is acid of sterkulat which was molecule formula of C19H34O2. This fat acid can be used as ingredient 

various industrial product like cosmetic, soap, shampoo, cloth softening, paint, and plastic. Fat oil acid of 

Pranajiwa or of kepuh also can be used as adaptif biodiesel owning dot decant 18ºC becoming 11.25ºC. 

Zanzibar and Siskasari (2001), express that fruit, seed, cortex, and leaf of Gendruwo can be used upon 

which medical herbs or medicine. Cortex and leaf of gendruwo can be used as medicine for a few diseases 

for example rheumatic, diuretic, and diaphoretic. Fruit skin of Gendruwo also can be used upon which 

ingredient to make the seed and cake of can be eaten. Wood of Gendruwo tree can be used as house 

building construction, shipbuilding materials, container box, and paper of pulp.  

This research aims to determine the chemical content in gendruwo seeds which can be used as a biofuel 

raw ingredient, especially for bio-oil and biodiesel. 

 
2.  Method 

Before the analysis, the gendruwo seeds was selected by their physiologically ripe marked with the black 

skin of the seeds. Pranajiwa seeds roasted to reduce the water content. The oil content observation is 

conducted in the laboratory. Type of observation and analysis the billowing seed is to determine: 

a. Percentage of fat amount (KL) 

Fat amount known for knowing the percentage of fat amount in the billowing seed from 

each accessions. The fat amount can be known by doing the Soxhlet method of fat 

extraction. The fat amount calculated by the formula: 
        

 

 

b. Water amount (KA) 

Water amount known for knowing the percentage of water amount in the billowing seed 

from each accessions. The water calculated by the formula: 

 

 

 

 

c. Percentage of oil yield (R) 

Oil yield (R) known for knowing the percentage of oil yield in the billowing seed from each 

accessions. The oil yield can be known by doing the Soxhlet method of fat extraction 

(Woodman, 1941). The oil yield calculated by the formula: 
 

 

 

 

The working procedure for the extraction of billowing seeds is: 

Insert the perfect ripe billowing seed to the oven with the temperature between 70-80°C for 2x24 hours. 

Weighing and look carefully for 2-3 grams of the substance that already smoothed, wrap with the fat free 

filter paper for the sample of fat amount and weigh 80-100 grams of the substance for the yield sample. 

   KL = 
   Weight of beginning sample 

(weight of filter paper + weight of sample)- weight after extraction 
   x 100 % 

   KA = 
   Weight of seed before oven 

 Weight of seed before oven – weight of seed after oven 
   x 100 % 

   R = 
   Weight of sample 

Extract volume –  fat density 
   x 100 % 
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Dry inside the 105°C oven for 5 hours, chill it and weigh (H). Install the reservoir flask, soxhlet extraction 

tools and a cooling tools. Pour the organic solvent (Petroleum Ether) through the chiller hole until the 

solvent down into the reservoir flask and filled again until half the extraction tool. Flush the cooling water 

and turned on the heater for 2-3 hours or until the solvent looks clear (about 8-10x circulation). Turn off 

the heater when the solvent inside the extraction tool flow down to the reservoir flask. Put out the wrapped 

sample, aerated and dried in the oven until all the ether evaporate and weigh when it still hot. Reheat the 

fat inside the reservoir flask extraction process for 30 minutes to separate the fat and the ether. Put inside 

the bottle and dried and aerated it until the ether is totally evaporate the measure the extract volume. 

The extraction process of gendruwo oil is using the press method and esterification method (ether 

purification). 

a. Press Method 

Press method is a simple method which can be used to squeeze the gendruwo seed to get its 

oil. The working procedures are: 

 

  
 

 

b. Esterification Method 

The esterification method is a gendruwo oil extraction method which used ether to get the 

oil from gendruwo seed. The working procedures are: 
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As the result from the extraction process we get 65%-75% gendruwo oil yield.  

 

3. Result and Discuccion 

The Gendruwo oil as the result of press method can be applied directly as hydraulic fluid and can be 

applied in vehicle machine and industrial machine by reducing the amount of its existing acid. As the 

result of the analysis especially viscosity, show that the pranajiwa oil that extracted directly from the 

pranajiwa seed (Sterculia foetida Linn.) has similarities with the SAE 10. The lubricant with SAE 10 can 

be used as hydraulic fluid. In addition to be used as hydraulic fluid, gendruwo oil can be used also as raw 

ingredient for lubricant (bio-oil) or as a raw ingredient for biodiesel. We can see the Gendruwo seed 

proximate analysis results as follows (Table 1): 
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Table 1. Analysis of Proximate Pranajiwa Seed (Sterculia foetida Linn.) 
No. Sample Water (%) Ash (%) Fat (%) Protein (%) *Carbohydrate (%) 

1. Seed A 5.5670 2.2314 35.6025 16.1808 40.3283 

5.5788 2.6956 35.0521 16.3836 40.2899 

2.  Seed B 8.0300 3.2456 35.6784 16.7949 36.2511 

8.1300 3.1420 36.0934 16.7949 35.8397 

*Carbohydrate measured by different: 100% - (% water + % ash + % fat + % protein) 

Description: A= small seed; B= big seed 

 

In the testing of the tannin content, saponin content, and alkaloid content will give the idea that the 

gendruwo oil produced from the extraction of gendruwo seed can be used as bio-oil and can be developed 

as biodiesel. 

 

 
(i) 

 
(ii) 

 
(iii) 

Figure 1. Pranajiwa Oil (Sterculia foetida Linn.) (i) Test result of tannin content; (ii)Test result of 

saponin content; (iii) Test result of alkaloid content. 

 

 

 
 

 



 

 

 

10th Joint Conference on Chemistry   Surakarta, September 8
th

–9
th

, 2015 

Proceeding of Chemistry Conferences vol. 1 (2016)   ISSN 2541-108X 

 

 

40 

 

Table 2. The amount of fatty acid in Pranajiwa Seed (Sterculia foetida Linn.) 
No The type of fatty acid Total 

chain 

A-1 area Fatty acid 

mg/g 

A-2 area Fatty acid 

mg/g 

B-1 

area 

Fatty acid 

mg/g 

B-2 area Fatty acid mg/g 

1. Methyl Octanoate 8:00         

2. Methyl Decanoate 10:00         

3. Methyl Laurate 12:00         

4. Methyl TriDecanoate 13:00         

5. Methyl Myristate 14:00 146 0.31419758 156 0.326635745 273 0.354104885   

6. 
Myristoleic Acaid 

Mathyl ester 
14:01         

7. 
Methyl 

PentaDecanoate 
15:00         

8. Methyl Palmitate 16:00 32887 72.68029976 33791 72.65786424 50580 67.3737264 21155 70.59825358 

9. 
Palmitoleic Acid 

Methyl Ester 
16:01 314 0.740603662 331 0.759579671 476 0.676678615 197 0.701634459 

10. 
Methyl 

HeptaDecanoate 
17:00 3086 7.386759582 3084 7.182266964 5128 7.398187792 2002 7.236200507 

11. Methyl Stearate 18:00 4209 9.828169336 4421 10.04392247 5313 7.477437864 2292 8.081589645 

12. Oleic Methyl Ester 18:01 11831 27.93474193 12115 27.83144527 16732 23.81169753 5434 19.3745362 

13. Methyl Linoleate 18:02 12404 40.7457482 13383 42.77235368 16436 32.54137984 5833 28.93350135 

14. Methyl Linolenate 18:03 1690 8.092893372 2339 10.89774063 1330 3.838734243 1128 8.156703767 

15. Methyl Arachidate 20:00 2101 5.34373368 2087 5.164524408 10648 16.32322954 3532 13.56525384 

16. Methyl Eicosenoate 20:01 1318 3.290238027 1301 3.159936358 5335 8.027228453 2144 8.02117588 

17. Methyl Behenate 22:00 1821 4.508490906 1910 4.600910142 23701 35.36773229 9188 34.35031431 

18. 
Eruric Acid Methyl 

Ester 
22:01 516 1.247349407 567 1.333554024 5049 7.356361896 1902 6.942844087 
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Table 3. Total chain of the fatty acid in Pranajiwa seed (Sterculia foetida Linn.) 
No Type of fatty acid Total chain Concentration Area RF 

1. Methyl Octanoate 8:00 1.902 1045 1.016978 

2. Methyl Decanoate 10:00 3.092 1935 0.892845 

3. Methyl Laurate 12:00 6.554 4157 0.880935 

4. Methyl TriDecanoate 13:00 3.195 1979 0.902075 

5. Methyl Myristate 14:00 3.194 1985 0.899067 

6. Myristoleic Acaid Mathyl ester 14:01 1.896 1082 0.979104 

7. Methyl PentaDecanoate 15:00 1.896 1081 0.980009 

8. Methyl Palmitate 16:00 12.978 7854 0.923282 

9. Palmitoleic Acid Methyl Ester 16:01 6.391 3624 0.985367 

10. Methyl HeptaDecanoate 17:00 3.2 1788 1 

11. Methyl Stearate 18:00 6.486 3715 0.975519 

12. Oleic Methyl Ester 18:01 22.156 12550 0.986427 

13. Methyl Linoleate 18:02 12.978 5284 1.372342 

14. Methyl Linolenate 18:03 6.384 1783 2.000595 

15. Methyl Arachidate 20:00 1.896 997 1.062578 

16. Methyl Eicosenoate 20:01 1.902 1019 1.042927 

17. Methyl Behenate 22:00 1.903 1028 1.03434 

18. Eruric Acid Methyl Ester 22:01 1.896 1049 1.009905 

 

4. Conclusion 

The gendruwo oil can be used directly as hydraulic fluid and also can be applied for motor vehicle engines 

and industrial engines through refining the gendruwo oil by reducing some existing acid content. 

Gendruwo's plant( Sterculia foetida Linn) can result genderuwo's oil from its extract seed. Gendruwo's oil 

was pulled out from gendruwo's seed using pressure and esterification method. Gendruwo's oil rendemen 

was 65 % – 75 % laboratory level. Gendruwo's oil can be use straightforward as hydraulic fluid and also 

can be applied for vehicle machine and industry machine with purification gendruwo's oil to reduce acids 

contained. 
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Abstract. The molecular shape has a vital role to study and explore the molecular function. The study 

of the molecular shape of the chemical structure should use an accessible and transferable modelling 

structure. Many ways of modelling structure can be implemented. One of them is by using origami 

technique. The present technique is simple, readily accessible and inexpensive compared with other 

sophisticated methods such as computer modelling/simulation and three-dimensional expensive 

commercial model kits. Here, we introduce the origami technique for visualising the molecular shape 

for simple chemical structures. This method is a ‗hands-on‘ approach in building molecules expected 

more intention while gaining the building experiences. This method can be implemented in chemical 

education both at high school and university level studies. 

1. Introduction 

Study of molecular shape or molecular geometry is an important chapter to investigate the molecular 

properties further. The arrangement of the atoms that constitute a molecule can be learnt in two-

dimensional (2D) or three-dimensional (3D) models. The several properties determined by the atoms 

arrangement are its reactivity, polarity, the phase of matter, color, magnetism, and biological activities. To 

determine the shape of molecules, commonly, students apply valence-shell electron-pair repulsion 

(VSEPR) theory based on the Lewis electron dot structure.  

The valence-shell electron-pair repulsion (VSEPR) theory described in the textbook  of  inorganic 

chemistry [1-3] explains that electron pairs will spread themselves as far from each other as possible to 

minimize repulsion. The number of the electron group used in bond (single, double or triple bonds) will 

determine the molecular structure. For example, if the molecule has two bonding groups of the electron, 

its molecular geometry will be predicted as linear. In addition, if the molecule has four bonding groups of 

the electron, its molecular geometry will be in tetrahedral. However, when the molecule has one or more 

nonbonding groups of electrons (lone pair electron), the molecular geometry will possibly change.   

For example, the water molecule has two bonding group of the electron and two more lone pair 

electron. The prediction of water molecules geometry will be neither linear nor tetrahedral. The atom 

arrangement in water molecules will be in the bent structure. The lone pairs are adjacent from each other 

in order to minimize repulsion between the bonding groups of the electron, thus verifying the VSEPR 

theory.  

An interactive model should be used for stimulating the student perspective to recognize the 

molecular structure. An interactive model provides three-dimensional (3D) view to help the student in 
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learning the molecular shape. If the student drew in a two-dimensional (2D) way, the student might meet 

the difficulties to imagine the molecular structure. Applying what VSEPR theory that the electrons groups 

should get the position as far each other to minimize the repulsion, in the case of four group electrons in 

molecules, the student will possibly draw the molecule in square planar which has 90-degree angle 

between the bonds. Therefore, the three-dimensional (3D) model is expected to achieve better 

understanding.  

The commercial 3D models used in the school, e.g. molymod, 3D simulation software, generally 

are limited accessible by few students due to its cost and its need for special learning computer skill. 

Hence, not all students could learn this chapter well. Another hand-made 3D molecular model generally 

introduced in the class was made by plasticine, straw, toothpick or matchstick. This model is quite cheap 

and accessible by all students, but relative fragility restrict.  

Here, we introduce a molecular concept using an origami technique for visualising and exploring 

the molecular shape, especially for simple chemical structures. The origami is a modeling system that has 

traditionally been used in science and mathematics learning [4]. Davis et al. described the uses of origami 

as a versatile modelling system for visualising chemical structure and exploring molecular function [5]. 

The origami model presented in this article was adopted from the book of Molecular Origami 

published by University Science Book, USA, which was written by Hanson, Robert M. in 1995 [6]. This 

article describes how the three-dimensional (3D) model using origami provides a more reasonable 

explanation of the difference of geometric shapes of molecules which could not be described through two-

dimensional (2D) drawing method. 

 

2. Predicting the molecular geometry 

Molecular geometry is the three-dimensional arrangement of the atoms that constitute a molecule. The 

three-dimensional shape or configuration of a molecule is an important characteristic. This shape is 

dependent on the preferred spatial orientation of covalent bonds to atoms having two or more bonding 

partners. It determines several properties of a substance including its reactivity, polarity, the phase of 

matter, color, magnetism, and biological activity.  

To determine the molecular geometries, ones should have a concept of bonding pair of electrons 

and non-bonding pairs of electrons. Bonding pairs of electrons are those electrons shared by the central 

atom and any atom to which it is bonded. Non-bonding pairs of electrons are those pairs of electrons on an 

individual atom that are not shared with another atom.  

The term electron-pair geometry is the name of the geometry of the electron-pair/groups/domains 

on the central atom, whether they are bonding or non-bonding. Molecular geometry is the name of the 

geometry used to describe the shape of a molecule. The electron-pair geometry provides a guide to the 

bond angles of between terminal-central-terminal atoms in a compound.  

The general steps to determine the shape (molecular geometry) of a molecule are writing the 

Lewis structure which will be used to determine the number of bonding groups of electrons and non-

bonding pairs of electrons on the central atom. Lewis structures show the two-dimensional distribution of 

atoms and electrons. The molecular geometry or three-dimensional shape of a molecule or polyatomic ion 

can be determined using VSEPR (Valence Shell Electron Pair Repulsion) – pronounced ―VES-per‖ 

approach, in which the basic principle is valence electrons around a central atom stay as far apart as 

possible to minimize the repulsion. Figure 1 summarizes the molecular and electron-pair geometries for 

different combinations of bonding groups and nonbonding pairs of electrons on the central atom. 
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Figure 1. Electron pair geometries and molecular geometries [6] 
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3. Two-dimensional (2D) models  

In order to represent such configurations on a two-dimensional surface (paper, blackboard or screen), we 

often use perspective drawings in which the direction of a bond is specified by the line connecting the 

bonded atoms.  

Figure 2 shows one of the examples of 2D perspective drawing of methane (CH4) in tetrahedral 

molecular geometry. The convention is that the central atom of carbon is placed in the plane of the surface 

(paper/blackboard/screen). Bonds to this atom which also lie in this plane are represented by a line of 

normal thickness, whereas bonds lying off this plane are represented differently. Bonds directed out in 

front of this plane are wedged, with an atom/group at the thicker end of the wedge being interpreted as 

being nearer the viewer than the carbon to which the narrower end points. Bonds directed back behind this 

plane are hashed/broken . 

Two-dimensional (2D) drawings inform us the positioning of atoms and bonds whether they are 

on the screen surface, behind it or in front of it. However, 2D drawing provides only a limited insight into 

the activity and molecular properties of a compound. These perspective structures have a limitation 

because it could not tell us the information about reasonably accurately the angles involved.  

 

 
 

Figure 2. Perspective drawing in two-dimensional (2D) model of CH4 in tetrahedral geometry 

 

4. Three-dimensional (3D) models using Origami technique for exploring molecular geometry 

Aproper application such three-dimensional (3D) configurations are the best way to get the more realistic 

perspective views.  Three-dimensional (3D) configurations can be viewed with the aid of models. Many 

3D models for molecular geometry are available such as commercial molecular model kits, ball and stick 

models, software for molecular modeling, and computer simulation. However, many of commercial 3D 

models are expensive, while cheaper handmade model using plasticine, straw, toothpick or matchstick is 

easy to collapse (relative fragility restrict). Another model such computer simulation has also a limitation 

for its simulation learning difficulties by students.  

Here we introduce one of the appropriate and simple 3D model, the origami technique for 

visualising the molecular shape method is a ‗hands-on‘ approach in building molecules expected more 

intention while gaining the building experiences. Origami, the art of paper folding, is often associated 

with the Japanese culture. The word of origami is taken from ori meaning folding and kami meaning 

paper. Technical Origami transforms a flat sheet square of paper folded into intricate designs. This 

technique not only supports in designing but also in other fields such as a study in the field of engineering, 
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mathematics, and science. In chemistry, origami might use as a model to approach the 3D molecular 

model.  

Flinn scientific already develop origami pattern for several geometries such as trigonal pyramidal, 

tetrahedral, seesaw, square pyramidal, trigonal bipyramidal and octahedral. Another source of origami kit 

also was provided by Hanson, 1995 in his book of Molecular Origami published by University Science 

Book. USA. The patterns are drawn in Figure 3 are taken from the later source. 

 
Figure 3. Origami patterns for trigonal-pyramidal and tetrahedral geometries. 

 

The patterns were drawn by solid and dashed lines. They are represented to ―mountain‖ folds, 

which fold away from the viewer and ―valley‖ folds, which fold toward the viewer. The shaded regions 

can be either removed or simply folded back and tucked into the hidden recesses of the model.  

The two basic 3D molecular shapes are trigonal-pyramidal and tetrahedral. The trigonal-pyramidal 

consists of four atoms with one central atom located above the plane of the other three atoms. The 

tetrahedral consists of five atoms, one central atom, and four surrounding atoms. An extra atom is situated 

above the other four atoms. 
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5. Applied cases: H2O, NH3, and CO2 

In this article, we discuss the molecular geometry study focused on a simple chemical structure such as the 

molecular structure of H2O, NH3, and CO2. To determine their molecular geometries, we started to write 

its Lewis structures shown in Figure 4.  

To write the Lewis structure, the valence electrons for each atom in the molecule should be 

counted first. The number of valence electrons on each atom can be determined from the electron 

configurations of the elements. The electron configuration of hydrogen, carbon, nitrogen and oxygen are 

shown below: 

H: 1s
1
 

C: [He] 2s
2
 2p

2
 

N: [He] 2s
2
 2p

3 

O: [He] 2s
2
 2p

4
 

 

Thus, hydrogen, carbon, nitrogen and oxygen have valence electrons of one, four, five and six valence 

electrons, respectively. Using these of electron valence numbers, the writing symbols that contain the 

correct number of valence electrons for the atoms in the molecule can be performed. Following this step, 

the electrons are then combined to form covalent bonds until a Lewis structure in which all of the 

elements (with the exception of the hydrogen atoms) have an octet of valence electrons can be achieved as 

shown in Figure 4. 

 

 
Figure 4. The Lewis structure of H2O, CO2, and NH3 

 

The Lewis structures could not satisfy the perspective of the molecular geometry. Using VSEPR 

theory, the molecular geometries are then can be predicted. For example, in H2O molecules, it has two 

bond pair and two lone pair electrons. Thus, its molecular geometry predicted in bent structure. Another 

example for NH3, it has three bond pairs and one lone pair electrons. Thus it has trigonal-pyramid 

structure. While for example of CO2, all electron pairs in a multiple bond count as one bond and 

contribute to molecular geometry the same as a single bond does. The carbon atom in CO2 has no lone 

pairs and participates in two double bonds. Each double bond counts as one for the purpose of predicting 

geometry, so the structure of CO2 is linear. 
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Even though, using the VSEPR theory, students could well predict the molecular geometries, the 

visualization of molecular shapes are still required. The molecular shape of H2O and NH3 are one of the 

examples that need to be explained. Before applying the VSEPR theory, the student may have a question 

―why is the geometry of H2O different from CO2?‖. CO2 has a linear shape while H2O has bent structures. 

The other come-out question might be ―why is not NH3 flat?‖. To explain this well, it better to use the 

two- or three-dimensional (2D or 3D) model to visualize and explore the molecular shape of the molecules. 

Using a ‗hands-on‘ approach through origami technique, students will also be able to construct the 

molecular geometries of simple molecules and reasoning the causes of it. The hands–on origami technique 

only requires a few materials shown in Figure 5 (left) such as origami papers, pen, glue, balls and needle 

to attach the ball if needed. The balls will represent to the lone pair electrons which spend more space than 

the bonding electrons.  

For example, in the case of ammonia, NH3, at first using a Lewis structure, students might predict 

the structure in planar as shown in Figure 4. Even though, the lone pair electrons could be drawn; its 2D 

drawing shows the molecular shape was enough satisfied in a planar orientation. Through origami 

approach, ones could follow the folding using the trigonal pyramidal pattern as shown Figure 3. Before 

folding (Figure 5 (centre)), the position of nitrogen and hydrogen atoms enough satisfied in a planar 

orientation. However, realizing a lone pair electron exists in the nitrogen corner, the molecular geometry 

was then changing. As VSEPR theory predicted, there would be electron repulsions not only among the 

bonding pair electrons but also between bonding electrons and lone pair electron [1-3]. In the case of NH3, 

three bonds of N-H were repelled by a lone pair electron on the nitrogen atom. Here, a lone pair electron 

on nitrogen atom was represented by a ball attached to the top corner of nitrogen. The existence of ball 

will reduce the satisfaction of planar orientation, due to the repulsion of bonding pair electron and lone 

pair electron is greater than repulsion among the bonding pair electrons [1-3].  

Finally, using this origami approach, ones not only might predict the molecular shape but also 

could understand the reason for the change at the beginning of their study. Furthermore, they might 

directly describe the molecular shape in 2D drawing without doubtful with full understanding.  

 

 
Figure 5. The origami materials (left); before (centre) and after folding (right) 

 

The representation of the changing of molecular geometries of three of simple molecules, H2O, 

CO2, and NH3, are shown in Figure 6. Ones (the students) should be able to explain the changing of the 

molecular geometries as a result of applying the VSEPR theory.  Due to the presence of lone pair electron 

on the oxygen atom, the geometry of H2O will not satisfy in a linear shape. H2O has a steric number of 4, 

with two lone pairs and two bond pairs, making its molecular geometry "bent". As a result, the angle 
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between the two oxygen-hydrogen bonds is approximately 104.5°, which is slightly smaller than the angle 

typically found in tetrahedral-shaped molecules. This is due to the particularly strong repulsions by the 

lone-pair electrons on the oxygen atom, which pushes the hydrogens closer together than usual.   

Due to the same reason, the NH3 geometry could not be fitted in planar shape. Meanwhile, the 

CO2 structure is suited in linear geometry since no lone pair electron owned by a carbon atom. 

 

 
 

Figure 6. The representation of the changing of molecular geometries of three of simple molecules, H2O, 

CO2, and NH3. 

 

6. Summary 

One of the appropriate and simple 3D model, the origami technique for visualising the molecular shape 

method is a ‗hands-on‘ approach in building molecules expected more intention while gaining the building 

experiences. The present technique is simple, readily accessible and inexpensive compared with other 

sophisticated methods such as computer modelling/simulation and three-dimensional expensive 

commercial model kits. This method can be implemented in chemical education both at high school and 

university level studies. Applying the origami technique at the beginning of the molecular shape study, the 

students not only might predict the molecular shape but also could understand the reason for the change at 

the beginning of their study. Furthermore, they might directly describe the molecular shape in 2D drawing 

without doubtful with full understanding. 
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Abstract. The aim of this research was to develop the performance assessment instrument of salt 

hydrolysis experiment on Senior High School with estimating the reliability used generalizability 

theory. The subjects of this research consisted of 35 students of Islamic Senior High School 1 

Semarang. In this research pre-experimental one shoot case study was used. The stages of this 

research are need analysis, design instrument, validation and testing.  The data analyzed by using 

quantitative descriptive analysis and the reliability estimated by using generalizability theory. Two-

facet crossed G-study and D-study design were used where three rater graded 13 item student 

performance. Results of analyses showed there was interrater reliability coefficient of performance 

assessment was 0.717. The results showed instrument performance assessment on salt hydrolysis 

experiment were valid, reliable and practice. 

1.  Introduction 

The question ―what is the better method to teach science?‖ is an essential thing of educator, especially on 

the chemistry lesson. There are some arguments about the better method on the chemistry teaching and 

learning process. Some educators judge that the transferring of knowledge to students must be not 

sufficient. They sure there are not only content, but skill students also should acquire, in the language art 

know ―hand-on, minds-on‖ in sciences. Thus, the method which not only provide the content knowledge, 

but also student‘s skill is needed. 

This fact showed the constructive approach to learning was potential as a solution. One of the 

strategies of this teaching and learning solution is laboratory activities. Laboratory activities have 

suggested many benefit, this class engage the students in investigation, discoveries, inquiries and problem 

solving activities [1]. The laboratory activity also can develop the skill of student, science process skill. 

Beside it, this class provide conceptual development and can increase the scientific attitudes and scientific 

inquiry. In the chemistry lesson, the laboratory activities would help students to contruct the chemistry 

knowledge and develop the phicomotor skills [1]. 

The student‘s achievement on the purpose of laboratory class needs to be assessed and evaluated 

to know the efectiveness of the laboratory class. An assessment also provide useful feedback to teacher in 

real student achievement. This is the function of assessment, to assess the student competences 

achievement and to improve the learning process. On the learning process, an assessment was to be part of 

learning (assessment for learning) and to improve the student on the study (assessment as learning). 

Assessment is important part on the sciences learning, including the laboratory class. The 

assessment, teaching and learning are so closely. There were connection between teaching, learning and 

assessment. The effective assessment strongly linked to teaching and learning.  

The traditional assessment provide conventional selected response test formats, like multiple 

choice, true/false, matching etc. This kind of assessment provide only a snap shooter a ―one moment in 

time‖ picture learning. Traditionally, teacher assess the student‘s performance in the laboratory on the 

mailto:endang.arkhan@yahoo.com
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basis of their reports, during and after the laboratory exercise [1]. But, this kind of assessment reglading 

the important component of student performance during the experiment exercise. The performance 

assessment gives opportunity to demonstrate their understanding of concept and skill as they would in the 

world outside of school [2]. 

Many reliability estimators have been developed the by the genereal definition: the ratio of the 

true score variance to the observed score variance. These conceptualizations of reliability can be classified 

into four groups: stability, internal consistency, interater reliability, and criterion reliability, where the first 

two represent classical definition of reliability and the latter two represent modern reliability [3]. One of 

the group of reliability is interrater reliability that measure the degree to which the ratings made by 

different raters evaluating the same test agree with each other [3]. The numerous existing utilizing 

measure interrater reliability, Generalizability Theory provide models and methods that allow an 

investigator to disentangel multiple sources of error (facets) [4].  

The aim of this research was to develop the performance assessment instrument of salt hydrolysis 

experiment on Senior High School with estimating the reliability used generalizability theory. Instrument 

developed is kind of performance assessment instrument that assess the student performance on the salt 

hydrolysis experiment. This research gives literature on the developing the same performance assessment 

and can be used as instrument on assess the student achievement on the laboratory class. 

2.  Method 

This research is Research and Development, R & D. Development research use to developing 

performance assessment instrument to assess the student performance on salt hydrolysis experiment. The 

subject of this research is student of second grade of MAN 1 Semarang. In this research subject used were 

15 students on first and 35 students on second testing of  instrument.  

In this research pre-experimental one shoot case study was used. The stages of this research are 

need analysis, design instrument, validation and testing.  The data is analyzed by using quantitative 

descriptive analysis and the reliability is estimated by using generalizability theory. The reliability of this 

research is interrater reliability, that are agreement reached of the raters using generalizability theory [5]. 

Reliability of this research estimated using GENOVA (A Generalized Analysis of Variance System) 

computer application program [4]. Two-facet crossed G-study and D-study design were used where three 

rater graded 13 item student performance. 

3.  Discussion 

The performance assessment instrument that have been developed were the performance assessment on 

the salt hydrolysis experiment. The instrument contains the 13 task that help the student on the experiment 

process of salt hydrolysis. The performance assessment instrument used to guide the student through the 

explanation of the scoring process on the judge the student performance. This performance assessment 

instrument contains some skills that students must have/need to have on the experiment, they were consist 

of three parts: the skill must have by student, the description of the skill using sentences with or without 

the pictures, description to assess the student performance.  

The skill that is used on the performance assessment instrument were observation, experiment, 

interpretation data and communication. Every science skill process developed as the step of the 

experiment that doing by students. The performance assessment instrument consist of the observation 

sheet and rubric.  

The first of performance assessment instrument was the observation sheet. The observation sheet 

is the sheet used to collect the judge on the assess the performance student. Every student of the class is 

judged by the teacher on the experiment process. This sheet consists of column containing the names of 

the students and the table score of the judges students skills. The second instrument was rubric of 
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performance assessment instrument that developed by researcher. This rubric is used to guide the teacher 

on the assess the students performance with some rating scale very good, good, neutral, bad, and very bad. 

The rubric of this instrument was developed to help teacher give objective score on the assess the students 

performance by using rating scale, it means every skill have by student observed and determined the 

scored they got. 

The performance assessment developed validated by content validity produce the instrument that 

valid. The performance assessment instrument have been developed judge by expert that choosen. The 

expert of this judge is from the chemistry major of University of Semarang State. Content validity of this 

instrument have purpose to measure the instrument embrace the content that are what are part of the 

instrument on the developed instrument have been appropriate with the aspec or variable of assessment 

that assess. On this stage the instrument that developed evaluate and give comments of expert [6].  

The instrument reliability that is analyzed by using generalizability study presented in Table 1. 

This table provides a summary of the final result the generalizability study on the first and second test. 

The reliability of the instrument analysis is the result of the performance assessment when the student 

doing the hydrolysis salt experiment. The reliability of the instrument showed by the value of 

generalizability coefficient that the minimal value of coefficient must equal or higher than 0.7. On the 

table showed both of the result of reliability analysis higher than 0.7. In contrast, the result showing the 

generalizability of the first test is higher than the second test. 

 

Table 1. Summary of Final Result the G Study of the performance 

assessment on the hydrolysis salt experiment 
    

Test Item Generalizability 

Coeffisient   

Reliability 

(≥ 0.70) 

1 13 0.72* > 0.70 

2 13 0.71* >0.70 

 

Result of the estimating the reliability on the Table 1 shown that the performance assessment 

instrument achieved the level of interrater reliability for the scoring rubric of salt hydrolysis experiment. 

The result shown the coefficient index G study were 0.72 and 0.71. The G study coefficient shown that the 

coefficient are higher reliability estimates than the standar value G study coefficient, that is 0.70 [7]. This 

G study coefficient shown the relatively level of agreement of rater on use of the scoring rubric. High 

level of reliability shown that observed scored near the real observed scored, so that the observed scored 

represented the real observed scored. This level of reliability of rater only obtained when the rater 

agreement are high too. 

According to the result from the student‘s performance assessment used 35 subject. The table 1 

showed the generalizability coefficient the result is 0.72, this result means the reliability of the instrument 

have been higher that minimum criteria of the generalizability coefficient. So that, the performance 

istrument developed reliable. Thus, performance instrument that developed on the assess the student 

performance on hydrolysis salt experiment can used by teacher to assess on the experiment class. 

Each students performance is scored all five dimensions using rating scale 1 to 5. The 

performance assessment of the student process science skill performance  focused on observed, 
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interpreting data, experimental planning, using material and tools, doing experiment and communicating. 

the result of performance assessment of students process science skill on salt hydrolysis experiment on 

first present on Picture 1. 

 

 

Picture 1. Comparison of Student Performance Assessment on the Second Test. 
 

The picture shows that the first rater gave a very good mark to 8 students or 53.33% of the 

students and a good mark to 7 students or 46.67% of the students. The second rater gave a very good mark 

to 10 students or 66.67% of the students and a good mark to 5 students or 43.33% of the students. The 

third rater gave a very good mark to 8 students or 53.33% of the students and a good mark to 7 students or 

46.67% of the students. 

The result of performance assessment of students process saience skill on salt hydrolysis 

experiment on first present on Picture 2. The picture shows that the first rater gave a very good mark to 19 

students or 54.28% of the students and a good mark to 16 students or 45.71% of the students. The second 

rater gave a very good mark to 21 students or 60% of the students and a good mark to 14 students or 40% 

of the students. The third rater gave a very good mark to 19 students or 54.28% of the students and a good 

mark to 16 students or 45.71% of the students. 

The salt hydrolysis experiment using performance assessment instrument showed that the result of 

student performance assessment on skill observed, interpretation, experiment, and communication. The 

student performance assessment on the experiment of salt hydrolysis using performance showed that the 

experiment using performance assessment instrument showed the good performance, means that the 

instrument can help the student to doing experiment. 
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Picture 2. Comparison of Student Performance Assessment on the Second 

Test. 

4.  Conclusion 

This research are Research and Development, R & D. Development research use to developing 

performance assessment instrument to assess the student performance on salt hydrolysis experiment. The 

subject of this research is student of second grade of MAN 1 Semarang. In this research subject used were 

15 students on first and 35 students on second testing of  instrument.  
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Abstract. This research is aim to improve student character values and items domination through 

environmental chemical lecturing base on problems. Our nation character values also include with 

taking care of environmental continuity which have seen progressively be worried. Require to be 

conducted an efforts to increase the character values through formal activity and also non formal. This 

research is conducted to student of program study of chemical education in a public campus in 

Semarang city who taking environmental chemical class at even semester. Experiment class (23 

student) and for control class (23 student). Research result of experiment class show N-gain items 

domination is 40% (middle) and control class is 33% (middle), while N-gain character values for 

experiment class is 33% (middle) and control class is 22% (low). Result of correlation Product 

Moment analysis for the experiment class (n = 23) showing value r = 0,814 with value significant is 

0,052 more than 5% = 0.05, hence told improvement of items domination and character values not 

significant. Improvement of character values require to be conducted continually with various strategy 

according to item subject and student needs. 

 

1. Introduction 

The universe is as a whole that can be separated into chemistry, physics and biology, but universe itself 

does not recognize this separation. The separation is merely to facilitate our understanding of events in 

nature [1]. Collage subject of environmental chemistry discusses environmental chemistry and its role, 

pollution of soil, air and water, the effect and how to cope, waste water treatment, additives in food and 

pesticides [2], as an optional course in the 6th semester, Environmental Chemistry became one of the 

subjects that must be taken for students majoring in chemistry Unnes. Each material consists of several 

chapters to be discussed one by one and as far as possible be applied in everyday life [3], as the reason 

that environmental education is also one important factor in achieving success in environmental  

management, a means which is very important in generating human resources to carry out the principles of 

sustainable development. 

The continuation development principle of education in Indonesia needs to be supported with 

character education. Today, the character education has become a trend and an important issue in our 

education system. Efforts to revive the (reinventing) character education is certainly is not making it up, 

but it is the mandate outlined in Act No. 20 of 2003 on National Education System in Article 3, which 

states that national education serves to develop the capabilities and forming character and civilization of 

dignity in the context of the intellectual life of the nation. Character education goals referred currently 

perceived still inadequate. It is possible to integrate the principle that effective character education. If 

these issues raised in the study of learning chemistry would be very interesting and meaningful to learners, 

because the benefits are felt directly. Learning aimed at solving actual problems it was designed through a 

problem-based approach or PBL (problem based learning) [4]. Teaching strategies with the manufacture 
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of paper every teaching materials with examples of enrichment material base learninng dominated 

problems increase the likelihood of students see the reality what is done, so that students feel kontens and 

context [5]. The advantages of PBL, designed especially to help students develop thinking, problem 

solving skills, intellectual skills: study the role of adults with experience through a variety of simulated 

situations; and independent learners and autonomous [6]. So the study was designed to develop a 

chemistry lecture-based environmental problems that can increase the values of character and mastery of 

the material. 

 

2. Method 

This research is a study of learning innovation with non-equivalent design (pretest and posttest) Control 

Group Design Nonequivalent Control Group Design [7]. At this design the experimental group and the 

control group was not chosen at random. The study was conducted at the Department of Chemistry, State 

UNNES education. Subjects were students of the second semester of chemistry department of education 

who signed the environmental chemistry courses. In this study were taken two classes of class E (23 

students) for experiments, while the K classes (23 students) for control. 

This study, both groups of experimental and control groups were compared, although the group is 

selected and placed without via random. Two groups that exist given the pretest, then given treatment, and 

given postes in the last, can be seen in Table 1. 

 

Table 1. Non –equivalent (Pretes & Postest) Control Group Design in testing the 

effectiveness of lectures. 

 

Groups   Pretest   Treatment   Postest 

 

Experiment    O         X1
a   

     O 

Control     O         X2
b             

O 

 
a
 Applying a Model Class Environmental Chemistry with problem-based learning approach. 

b
 Applying Environmental Chemistry Class model used to date. 

 

Types of instrument that would be used to collect the data in the research plan can be seen in Table 2. 

 

Tabel 2. Types of instruments needed to be prepared in research 

 

Types of instrument  Description 

 

Student character marker test  This test is used to measure the character of students, which 

includes the elaboration of indicators reason thought, attitude and 

action. This test is given in the pre-test and post-test. 

Masteriy of subject test  Multiple choice test and a subjective or essay of materials / 

environmental chemicals associated with environmental problems. 

This test is given in the pre-test and post-test 

Student questionnaire  Getting the student responses to the environmental chemistry 

lectures development 

Student observation sheet  Guidelines for the implementation of the observations of students 

in lectures 
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The data analysis was conducted simultaneously between quantitative and qualitative data 

Creswell (2008) [8] called triangulation mix-design method. Processing of quantitative data in this study 

were analyzed by Normalized-gain (N-gain). Whereas the qualitative data were analyzed using a 

generalized description of the research results. 

 

3. Result and explanation 

3.1. Characteristic of Environmental Chemistry lectures based problem 

Environmental chemistry lectures designed to develop creative thinking skills students use the strategy of 

the stages of problem-based learning approach. Lectures orientation designed with environmental issues, 

the formation of the group, the investigation group. Lectures designed to combine problem solving that 

has been done by the government or previous investigators, searched their advantages and disadvantages. 

The environmental chemistry course consists of four topics, they are air chemistry, air pollution and how 

to overcome them; soil, polluting the land and how to cope; water, water pollution and how to cope as 

well as chemical and public health. 

The steps done in this lecturing activity is environmental chemistry lectures to enhance the 

character values of students in participating resolve environmental problems particularly related to the 

chemical through problem-based learning approach to enhance the character values. Characteristics of 

environmental chemistry lectures with problem-based models are: 

a. Syntax-Based Environmental Chemistry Class Issues to improve the character values include 

Introduction, Planning, Investigation, Convirmation and Evaluation. 

b. Problem-based learning model in enhancing the value of character concerned with the stages of the 

course with an open-ended problems.  

c. Class centered on students by providing the widest possible opportunity to students to be involved 

actively in lectures and open-ended problems. 

d. Class begins with the presentation of environmental contaminants issues were resolved to the stages of 

problem based learning through group investigation conducted in the classroom, in the laboratory and 

in the field when perkuliaahan or outside the lecture schedule.  

e. The evaluation was performed to assess the increase in value- character and mastery of subject 

matter the student in writing. 
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Table 3. Syntax Class with PBL Model to Improve Student Character Values 

 

 

Study steps   Description 

 

Introduction  1. Lecturer conduct orientation problems to be solved by each 

group either in theory, open-ended problems and,  

investigative groups, discussions and ideas in order to trigger 

certain actions in participating in problem solving 

 2. Form a group, in a class made 6 groups. Each group 

determines the problems (open ended question) for each 

topic. 

Planning  3. Students act quickly determine the essential problem, identify 

problems in lapangn especially in the neighborhood we all, 

classifying the issues, reviewing the information, literature, 

tools and materials needed to resolve the problem, also did 

the division of tasks within the group. 

Investigation  4. Response, the advantages and disadvantages settlement of 

problems that have been taken by the government / previous 

researchers  

 5. Bring up the idea of settlement problems of environmental 

problems  

 6. Students do a group discussion to draft action  

 7. Perform the actions in solving environmental problems 

 8. To discuss the problem-solving action  

 9. Write down the results of the discussions associated with the 

study of theory 

 10. Prepare the presentation materials 

Confirmation  11. Lecturer facilitate ongoing class discussion  

 12. Students present the results of the study of theory and action  

ideas  

 13. Students of other groups asking questions, comments and 

suggestions to clarify their understanding 

 14. Lecturer ask a few questions to direct the implementation of 

the presentation and give strengthening their understanding 

 15. Lecturer urges mindfully, each individual act upon the idea 

of the group even more benefits 

Evaluation  16. Students do a group discussion to improve the results of the 

study of theory and classroom discussion results  

 17. Students create individual reports  

 18. Lecturers assess mastery of subject matter and increase the 

values of the characters. 
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3.2. Increasing character values 

Character values marker revealed from character values response tests. The test consists of 14 questions, 

the scoring criteria is 1 to 4, a minimum of 14, maximum value is 56, so the average pretest marker 

character for the experimental and control classes are 35.00 and 36.04, before the lecturing activity in 

experimental or control class the character are categorized began to emerge character. It is based on 

grouping: Total score 14-24 = The values of character has not yet appeared; 25- 35 = values of character 

began to emerge; 32-45 = The values of the characters have already appeared; 46-56 = values are very 

good character. Post-tests were performed after application of the model as usual for control classes and 

lecture-based experimental class problem to get the average values of 40.04 and  45.04 characters, all 

belongs to the category of values and character has appeared and for the experimental class almost 

categorized as very good. 

Through a written test marker character values, either experimental or control class class has 

increased. Pre-test mean score marker values character control class is 36.04, while his post-test 40.04, so 

we get its N-gain 22.00% is low. As for the experimental group mean scores of pre-test and posttest 

marker Nili character values are 35.00 and 45.04 to obtain its N-gain 48.00% were moderate. The results 

showed the application of the Class-Based Environmental Chemistry Problems can enhance the character 

values in the students behave in participating solve environmental problems. Figure 1 shows an increase in 

markers of character values or experimental class students who take the classes with pembeljaran based 

green chemistry problems better vision (N-gain = 48%) than the control class students (N-gain = 22%). 

This is due to the students in the class ekseperimen actively involved in the lectures and expressing ideas 

to participate resolve the existing problems, especially related to environmental pollutants. Granting open-

ended problem also demands to use the data to draw conclusions (Cooper et al., 2008). Open-ended 

problem is an activity that can encourage and challenge students to determine the essential environmental 

issues of interest to be able to resolve the issue. This is in line with the opinion of Lickona of the 

components of this character when combined as a single continuous dynamics of the formation of morality 

is in the child's moral development. Santrock (2008, p. 316) [9]. 

 
Figure 1. The enhancement of students‘ character values in the control and experimental class 
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3.3. The Increasing mastery of subject matter 

Mastery of subject matter value taken from the results of tests mastery of subject matter all lectures topics 

chemistry chemical environment consisting of air, air pollution and how to overcome them; soil chemistry, 

soil contamination and how to overcome them; water chemistry, water pollution and how to 

overcome them; chemical problems for public health. Multiple-choice test consisting of 20 questions with 

the results as in Figure 2. 

 

 
Figure 1. The enhancement of students‘ character values in the control and experimental class 

 

Pre -test mean score mastery of subject matter the control class is 50.33, while his post-test 64.57, 

to obtain N-gain its 33% were moderate. As for the experimental group mean scores of pre-test and 

posttest mastery of subject matter is 55, 33 and 77.28 to obtain its N-gain 40.00% were moderate. 

Increasing the value of mastery of control classes including medium category (N-gain = 33%). 

The experimental class the increase in value also includes the medium category (Ngain = 40%). Piaget 

explained that the development of cognitive structure is influenced by the interaction of learners with 

learning and social environment [10]. Vigotsky also argued that the learning activities and the 

development of a person's intelligence is influenced by the interaction with other people and the social 

environment [11]. Environmental support and adequate facilities for the group investigation activities, 

field studies, literature studies, discussions, consultations, presentations, evaluation will give better results. 

Therefore, it is necessary to arrange models that facilitate problem-based lectures as possible, ranging 

from the identification of the problem, determine the source of the problem, learn to consider the 

settlement of the existing problems, improve problem solving continuously. 

 

3.4. Relevance of Character with concept mastery enhancement 

Product Moment Correlation analysis results for the class of experiments demonstrating the value of r = 0, 

814 with significant value is 0, 052 more than 5% = 0.05, so, it shows that there‘s no significant 
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relationship between character values and mastery of environmental chemistry concept enhancement. 

Calculations can be seen in Table 4. 

 

Table 4. The relationship between character and mastery of concept matter enhancement 

 

Correlations  Mastery of subject matter enhancement  Character enhancement 

 

Concept mastery Pearson Correlation               1                  0.052 

enhancement Sig. (2-tailed)                  0. 814 

 N              23                      23 

Character  Pearson Correlation              0.052                    1 

enhancement Sig. (2-tailed)            0.814                   

 N              23                  23  

 

 

Result of correlation analysis shows that students who have a good concept mastery values do not 

necessarily have the marker values of good character as well.  

 

3.5. Student response to the implementation of Chemical environment lecturing based problem 

The response of students to lectures conducted in the study were collected using a closed questionnaire 

that used to express the students consent of the statements contained in the questionnaire. Collecting 

student feedback is also done through open questionnaire to complete the data obtained from the closed 

questionnaire. Statement in the questionnaire grouped into two aspects, they are: I) a statement about the 

lecture component of environmental chemistry; II) A statement of the stages of the environmental 

chemistry lecture-based problem; III). Statement of sustainability-based environmental chemistry lectures 

problems; and IV) a statement about the feelings of students in working on those items in the student 

worksheets. Tabulation of data from filling the questionnaire distributed to students can be presented in 

Table 5. In the questionnaire was also provided public statement that can accommodate suggestions on the 

implementation of the presentation of the group in particular and improve the implementation of problem-

based learning in enhancing the value of character in the future. 
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Tabel 5. Recapitulation of Student Response to the Chemical environment lecturing based problem 

 

No Question description  Recapitulation of student response 

   

  Very Interesting Less Not 

  Interested enough Interesting interesting  

 

Ia  How is your opinion on the  

       Following components? 

1. Chemical environment topic 10  13   0   0 

2. Chemical environment lecturing 14   9   0   0  

based problem 

3. Student guidance  12   11    0    0 

4. Student worksheets  12   11    0    0 

5. Learning environment  11   10    2    0 

6. Lecture teaching method  15   8    0   0 

 

Ib     Do you identify new things in the Novelty  Novelty Less Unnovelty 

 following components?         enough         enough           enough 

1. Chemical environment topic 4  13   3   3 

2. Chemical environment lecturing 14   9   0   0  

based problem 

3. Student guidance  16   7   0    0 

4. Student worksheets  17  6    0    0 

5. Learning environment  16   7    0    0 

6. Lecture teaching method  20   3    0   0 

 

Ic     Ease understood the following Very Easy  Easy  Less Easy Not Easy 

 components?                 enough 

1. The language of chemical 13  10  0  0 

    environment topic   

2. The language in the learning tools  12  10  1  0 

3. Chemical environment topic  6  16 1  0 

4. Chemical environment lecturing 9  12  2  0 

    model 

5. Student worksheet  8  15  0  0 

6. Student guidance  8  12  3  0 

7. Lecture teacing method  10  11  2  0 

 

II     The use of problem-based lectures Very agree  Agree  Less agree Not agree          

 1. How do you respond if the subject 14 9 0 0 

          Of further use problem-based  

          Learning 

2. How would you respond if all  9 11 3 0 

   subjects are taught with a problem  

based approach 
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Tabel 5. Recapitulation of Student Response to the Chemical environment lecturing based problem 

(cont.) 

 

No Question description  Recapitulation of student response 

   

  Very Interesting Less Not 

  Interested enough Interesting interesting  

 

 

3. What would you say if other  5 9 6 3  

    Subjects are taught with a problem 

   -based approach 

III    Question description  Very clear  clear  Not clear  Unclear 

         enough 

 

1. How does the lecture explanation 17 6 0 0 

     when the PBL on going 

2. How does the lecture guidance 16 7 0 0 

              from your investigation activity 

              to the ready-presented paper  

              preparation 

3. How does the lecture guidance 10 13 0 0 

              when you doing the presentation 

IV  Do you feel happy in answering Very  Happy Not happy Unhappy 

        the items on student worksheets happy  enough 

  12  11  0  0 

 

Almost all the students gave a positive response to the chemical components of the course in the 

implementation of the existing environment problem-based learning model. Of interest, novelty and ease, 

then in terms of material, model, student guidance, student worksheets, the learning environment and the 

way professors teach in environmental chemistry lectures almost all responded very interested, interested, 

very new, quite new, very simple and quite easy. From the 23 students, only three students who answered 

less new (less novelty) material, and 3 students answer is not new (unnovelty). One student replied that the 

language in the lectures is less easy to understand, one student stated that the chemical material is less 

easy to understand environment. There are two students who claimed the model of problem-based lectures 

are less easy to understand, three students expressed guide students in doing tasks, especially investigative 

group is less easily understood. 2 student also stating how the lecture teach less easily understood. 

 

4. Conclusions and suggestions 

4.1 Conclusions 

Based on the research and discussion that has been raised, it can be concluded as follows: 

a. Lecturing model of chemical environment based problem that has been developed has the following 

characteristics: Syntax lectures include Introduction, Planning, Investigation, Confirmation, and 

Evaluation, which also integrates learning activities with the investigative group, open endet problem, 

centered on students, as well as the idea of action to solve the problem is done in groups. 
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b. Lecturing model of chemical environment based problem can increase the character of students in 

solving environmental problems. 

c. Lecturing model of chemical environment based problem can increase the concept mastery,but there‘s 

no a significant relevance with the character enhancement. 

d. The implementation of chemical environment based problem lecturing get a positive response from 

students. The positive response was also reflected a positive attitude when students attend the lecture, 

which was shown among other tasks, the group investigation, mostly hard work, responsibility, 

enthusiasm, perseverance, discipline, teamwork, respect the opinions of others, critical, and creative. 

e. The problem faced in this research is the facility equipment and materials must be taken when 

investigating problems in the field. As the chemical study program, then the selection of the 

environmental problem is related contaminants. We can overcome the problem must be passed: the 

identification of the problem, looking for the source of the problem, consider the settlement of the 

problem by the government / previous researchers, communicating ideas and evaluation. 

 

4.2 Suggestions 

Based on the implementation of chemical environment based problem lecturing in a public campus in 

Semarang suggested as follows: 

a. Model with open-ended problems can be developed further in other subjects, but not all are suitable for 

development. 

b. Stdy program of chemistry education should not only equip students with the content knowledge and 

pedagogical abilities, but also equips students with high-level thinking skills and a number of other 

skills. 
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Abstract. This study has aims to identify the impact of provisioning Pedagogical Content Knowledge 

(PCK) on the performance of chemistry teacher candidates in Practice Field Experience (PPL). PCK 

debriefing is focused through the Chemistry Lesson Planning (PPK) lecture, then the application is 

continued in the PPL course. This descriptive study involved 6 teacher‘s candidates who measured 

their PCK capability start from PPK lecture up to their implementation in PPL. PCK of teacher‘s 

candidates captured by filling CoRe and writing PaP-eRs representing PCK of a teacher as proposed 

by Loughran. The quantitative data is taken from the preparation of the lesson plan (RPP) and the 

fulfillment of CoRe, while the qualitative data is drawn from the analysis of RPP, CoRe and PaP-eRs 

linkages. Interview on the study subjects is also done to strengthen the linkages of three documents. 

Based on the result of data analysis, it is revealed that the PCK debriefing trough PPK lecture could 

increase the PCK capability of teacher‘s candidates. PCK debriefing is able to minimize the weakness 

that have been prevalent as write apperception, sort material, and pay attention to prerequisite 

materials. The teacher‘s candidates initially have problem deciphering the questions in the CoRe, and 

not accustomed to write PaP-eRs as a reflection of what has been done, so that needed simplification 

of questions in the CoRe and a guide to write PaP-eRs adapted from Loughran trough the preparation 

of rubric associated with the RPP. 

 

1. Foreword 

Novice teacher standard competency/SKGP (Depdiknas, 2004) suggests that the teacher‘s candidates 

should have four competencies, they are mastery of a field study, comprehension of learners, mastery of 

learning that educates, and development of professionalism and personality. One of the competence‘s 

point in a mastery of learning competence clumps is models mastery, approaches, strategies, and learning 

methods appropriate to course materials. Meanwhile, high school chemistry teachers are required to have 

a quite complex competence in academic field (Permendiknas No. 16/2007), of which requires mastery 

and deep understanding of the content and teaching. Accordingly, teacher‘s candidates need and 

importance to be equipped with strong mastery of basic concepts (content) and the ability to teach the 

concepts (pedagogy) properly and correctly. On the other hand, Shulman (1987) and Loughran, et al. 

(2008) states that the content knowledge and pedagogical knowledge should be integrated in learning to 

create new knowledge: Pedagogical Content Knowledge (PCK). PCK thinking concept gives the sense 

that the teaching of science is not enough only understand the content of science material (knowing 

science) but also how to teach. In addition, McDermott (1990) suggested the establishment of a quality 

learning process is highly depend on the quality in preparing the teacher‘s candidates, so the learning by 

lecturers will have disseminated impact trough the students. 

Debriefing teacher‘s candidates in the preparing for understanding aspects of the content needed 

to organize the class trough pedagogical aspects, often cannot be obtained when he/she was in college. All 

this time teacher‗s candidates have a learning experience in these two domains separately. To learn the 
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content or subject matter more deeply they learn in the context of the subject matter, to learn how to teach 

they learn in the context of methodology. As a result of those, only a few matches that occur between the 

need of learners with the teaching methods (Shulman, 1987). Deeper coordination is needed between the 

content expert and the pedagogical expert, so it could produce many benefits that make the teachers more 

knowledgeable, flexible and capable (Enfield, in Purwaningsih, 2011). Another things that profitable 

according to Loughran, et al. (2008) are with PCK debriefing in appropriate way, PCK is no longer 

considered merely as educational theory yet becomes a representation form of how they can develop their 

professional knowledge in their teaching practice. 

In order to represent the PCK of a science teacher, Loghran, et al. (2006) developed a format that 

includes importance aspects of a successful science teacher in understanding the subject matter knowledge 

and pedagogy. This PCK special format consists of two elements. The first element is called CoRe 

(Content Representation); offer a perspective of a specific content that being taught when teach a topic. 

The second element is called PaP-eRs (Pedagogical and Professional-experience Repertoires), which is 

short but has a specific meaning and intended to show the implementation of CoRe aspects. PCK of 

teacher or teacher‘s candidates can be measured using an instrument developed by Loughran, et al. (2004), 

CoRe and PaP-eRs. The result of CoRe and PaP-eRs will show the effectiveness of learning activity in 

accordance with the objectives to be achieved. Hamida (2011) proved that preparation of CoRe and PaP-

eRs documents help trainees prepare lesson plans as well to reflect on the learning activity that they have 

done, so that the PCK profile will be intact. 

Taking into consideration the importance of teacher‘s candidates debriefing that aimed to combine 

pedagogical abilities and understand of the whole material content, then PCK debriefing trough the lecture 

program is a real need, very important and potential to do. Implementation of the lecture program that 

debriefed this PCK concept provide wider opportunities for student to take an active role in developing 

competence in preparing lesson plans (Loughran, et al., 2006; Purwaningsih, 2011; and Hamidah, 2011). 

Chemistry lesson planning is chosen because the achievement of competence in this course is able to 

design chemistry learning in school to escort PPL. Practice Field Experience (PPL) is a program where 

students get a first experience or live experience of teaching in the classroom, which requires students to 

practice integrating content materials and pedagogical materials which is expected to strengthen PCK 

capability. Therefore, to escort PPL, the implementation of PCK debriefing trough PPK lecture is very 

appropriate, necessary and important. PCK capability focused on the competence of teacher candidates in 

preparing CoRe documents, lesson plan, and PaP-eRs. The question that arise is: does the teacher 

candidates experience a change in their PCK? 

 

2. Research methods 

PCK debriefing for teacher‘s candidates focused on PPK lecture, followed by PPL in the next semester. 

Research subjects were selected based on consideration to participate in PCK debriefing and peer teaching 

and we choose 6 students who 2 PPL students at SMA Taruna Nusantara Magelang and 4 PPL students at 

MAN 1 Semarang. The form of improved performance from the teacher‘s candidates in PPL 

implementation begins with PCK debriefing in PPK lecture through CoRe evaluation and drafted lesson 

plans, as well as PaP-eRs written after peer teaching carry out. At the time of PPL, teacher candidates 

prepared CoRe and lesson plans, implementation of classroom practice, continued to write PaP-eRs. 

Interviews were conducted to explore the relationship between written CoRe, lesson plans, 

implementation of classroom practice and PaP-eRs. Interviews also intended to find the factors that 

influence and constraints PCK development in teacher candidates. 

Chronology of the research is teacher candidates will teach a lesson, they write the initial CoRe, 

along with the process they create lesson plans in a format that they already understand, continued by the 
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implementation of classroom practice and concluded with writing PaP-eRs. CoRe result and lesson plans 

were analyzed quantitatively by scoring using scoring CoRe, so the result in the form of numbers. 

Average score of CoRe assessments, lesson plans and PaP-eRs presented on Picture 1. Qualitative analysis 

was done by analyzing the link between CoRe, lesson plans and implementation of classroom practice. 

Qualitative data were also supported by interview on the description they made in CoRe and PaP-eRs that 

both of them also associated with lesson plans and implementation of classroom practice. All data 

collected in the form of portfolio; lesson plans, guidance process with lecturer, CoRe, PaP-eRs and 

interviews. These portfolio collected to describe the overall data result. CoRe instrument was prepared 

based on Loughran's description (2007) that can be seen in Table 1. The performance evaluation of 

teacher candidates in preparing learning device during PPL period was taken from Peer Teaching Guide. 

 

Table 1. Core Aspects Guide 

This Core is designed for student in Middle 

Secondary School, i.e., year 10. 

important science ideas/concepts 

A B C D dst 

What you intend the students to learn aboaut this idea?      

Why it is important for student to know this?      

Why it is important for student to know this?      

This Core is designed for student in Middle Secondary 

School, i.e., year 10. 
 

    

What else  you know about this idea(that you do not 

intend students to know yet) 
 

    

Difficulties/limitations connected with teaching this 

idea. 
 

    

Knowledge about students‘ thingking which influences 

your teaching of this idea. 
 

    

This Core is designed for student in Middle Secondary 

School, i.e., year 10. 
 

    

Other factors that influence your teaching of this idea.      

 

3. Results and discussion 

Implementation result of PCK debriefing trough PPK lecture held at the time of PPL. Each of research 

subject in its PCK progress is monitored through interview or discussion about analyzing the CoRe and 

PaP-eRs. In addition, PPL supervisor visits the school with the research team. Discussion with each 

teacher‘s candidates done before or after learning activity to explore more-in depth information about 

understanding the content being taught or anything else about learning activity needs to be discussed 

together. PCK capability analyzed from CoRe descriptively associated with prepared RPP. Interviews are 

used to support the linkages of the three documents, and are reflective to the PCK capability. Based on 

Figure 1 can be seen that PCK capability of teacher candidates measured through CoRe and PaP-eRs 

appropriate with the ability of the preparation of the lesson plans. The findings of this study are 

appropriate with Goolam Hossen (2013) which found that the higher the conceptual understanding of 

teacher candidate students, the higher the pedagogic abilities possessed (Ozden, 2012). Although there are 

teacher candidate students who have a good pedagogical ability by another factor, which is 

communication skill. 

Analysis of PCK capability begin from PCK debriefing through PPK to the implementation of the 

PPL. In general, after the third assessment, improvement arise. In this third assessment conduct interviews 
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to reflect on what has been written, and this increase was the most noticeable on the subject number 2 and 

6, while the increase of the other subjects has begun on the second meeting. 

 

 
Figure 1. Average result of CoRe, RPP, and PaP-eRs assessment. 

 

Along with the CoRe document and PaP-eRs preparation activities, also held the discussions with 

each of the research subjects before and after the implementation of the PPL in the classroom. All the 

teacher‘s candidates do not ask for an explanation again on how to prepare CoRe document and PaP-eRs 

because they have acquired during PPK lecture. Other issues were discussed between researcher and 

teacher candidates, among others: (1) preparing apperception so that learning activity becomes 

meaningful; (2) prerequisite materials, (3) the depth of the material, (4) misconceptions that may arise, (5) 

preparation of RPP based on learning models, and authentic assessment. Here‘s an example of linkage 

description of CoRe document and PaP-eRs with the preparation of RPP that has been written by research 

subject including CoRe assessment rubric. 

Core document questions, number 1: What do you want the students to learn from this idea? This 

question relates to teacher‘s understanding of the material that will be provided associated with the 

indicator and learning objectives. Some teacher‘s candidates using sub topic of the order in the required 

competencies. As an example for the material of molecular geometry begins with the electron 

configuration, the stability of the elements, covalent bond, and the shape of molecule. However, there is 

one teacher‘s candidate who wrote the following order: the electron configuration, quantum numbers, and 

the shape of molecule. After confirmed, the writing sequence based only from one book, regardless of the 

prerequisite materials and the achievement indicators of competency. The order of the material is 

associated with the prerequisite materials and also related with the writing apperception in the preliminary 

activities. In addition, it also deals with the CoRe question number 2. Another finding is that the depth and 

the broadness of the materials are not in accordance with determined indicators.  

Core documents questions, number 2: Why it is important for student to know this? This question 

relates to the introduction activities which include orientation and apperception. Based on observations of 

the research team until now, generally both teacher and teacher‘s candidates in writing orientation and 
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apperception on the introduction activities only write to motivate students, but how to motivate are not 

included. Similarly, almost all the lesson plans that written, rarely even almost no one expressed the 

importance of learning the materials that will be discussed. In general, students have difficulty in making 

question, digging prerequisite knowledge to develop new knowledge, also trouble in connecting between 

prior knowledge students‘ have and the material to be studied. This condition can be resolved though not 

optimal, the research subject who wrote CoRe document trying to write questions to explore students‘ 

ideas about the prerequisite knowledge to develop new knowledge, as well as benefit for the student to 

learn the material. For example, the statement of one of the research subjects as follows: Chemical 

reaction that have many types and many consequences, like exothermic and endothermic reactions 

associated with the energy transfer. By knowing the type of reaction was exothermic or endothermic, in 

the future students are expected to know how to use the chemical reaction. 

Core document questions, number 3: The other thing from this material that you know, but not yet 

known by the students? This question relates to the ability of teachers to make decisions about what needs 

to be given and what has to be given to the student so that the student's knowledge is not ambiguous. 

Teacher knowledge in determining the depth and the broadness of the material provided. This problem can 

be captured through writing material, many teachers and teacher candidates that pay less attention to this 

problem, for example linking Ar and Mr during Proust‘s law material. By writing CoRe are expected to be 

able to overcome this weakness. Examples of writing CoRe: Students do not know about the stability of 

the elements, students not yet know about the Lewis structure. Students sometimes still cannot describe 

the structural formula of a compound and the difficulty of counting the number of bonds that exist in a 

reaction. 

Core documents questions, number 4: Difficulties/limitations related to how to teach this 

material? Teachers‘ knowledge in identifying students‘ prior knowledge and difficulty in learning. 

Generally, teachers and teacher candidates stating that the student did not master the material related to 

mathematics, or because the material is abstract. In addition, the limitations of the equipment and 

chemicals, as well as the problem of time. In addition, research subject students also analyze materials that 

will be given and written in the lesson plan. As an example for thermochemistry material. This material is 

about the energy flow, and the flow cannot be seen. Students must also be able to distinguish precisely and 

correctly the difference between the system and the environment. This is important because the system 

and the environment will be a reference in the determination of a reaction, including an exothermic 

reaction or whether endothermic. The answers of those CoRe question set out in the lesson plan, for 

apperception and main activities that begins with assessment questions related material.  

Core documents questions, number 5: Knowledge about students‘ thinking which influences your 

teaching of this idea? This question relates to the ability of teachers in analyzing the knowledge that has 

been owned by the students, and in predicting the ability of students to absorb the material provided by the 

teacher. This knowledge relates to the writing lesson plans on preliminary activity (apperception), a 

description of the learning activities, and the writing material. Research subject student are ready 

preparing well lesson plans based on written CoRe. For example: Students may also be somewhat confuse 

intra-molecular and inter molecules interactions present in the molecule. So initially emphasized 

differences of the both. For example: Based on the heat absorbed or released, the reaction was divided into 

two, the exothermic and endothermic reactions. How do I distinguish between the two? Now we are going 

to do an experiment so we can distinguish and know the characteristics of exothermic and endothermic 

reactions. 

Core documents questions, number 6: Another factor that affects the way you teach this material? 

This question is related to the description of the learning that is written in the lesson plan. In general, the 

conduct of the classroom learning is done both by teachers or teacher candidates begin with explanation 
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step, exercises, then give problems to be one or a homework. Actually, students have enthusiasm and 

delightful doing experiment activity, but it is rarely done because in addition to laboratory facilities are 

also due to timing issues. Research subject students have thought about these issues through the writing 

CoRe before designed in the lesson plans. Here are examples of student statements: problems: students 

will be difficult to construct materials about intra-molecular and inter molecular interactions that exist in 

the molecule. . Solution: To overcome this, the learning media can be used in the form of an animated 

video featuring the two types of bonds in this molecule. Furthermore, teachers can also describe on the 

board to give further explanations about intra-molecular and inter molecular interactions. 

Core documents question, number 7: The procedure of teaching (and the specific reasons for its 

use)? Consideration of teachers in selecting model / approach / method and strategy and the right media to 

teach concepts with specific indicators. In addition, also on the teacher's knowledge about the learning 

styles of each student to understand the learning material. In general, for the implementation in the 

classroom teachers and teacher‘s candidates using conventional procedures, although in the writing lesson 

plans using a scientific approach. The draft made the research subject, described from one of the following 

CoRe documents. The method used is an experiment. For an exothermic reaction using quicklime dipped 

in water experiment. For endothermic reaction using ice melts experiment. Reasons for using this method 

is that students can see and observe for themselves the difference between exothermic and endothermic 

reactions. The use of these materials because it is easily obtained and very close to the students‘ daily life. 

Another example: every interaction between molecules happens so that students will better understand and 

construct the type of interaction of each molecule. For example dipole moment interaction use H2 gas as 

example while dipoles used the example of HCl. 

Core documents question, number 8: The specific way to ensure students' understanding or 

confusion regarding this matter? Knowledge of teachers in assessing student‘s learning. This question 

relates to authentic assessment should be prepared for indicators in particular basic competency. Research 

subject readiness in designing an evaluation tool on the lesson plans appears from the statement in the 

CoRe document as follows: for the indicator gives a picture subatomic elements along with the notation, 

the students are asked to come forward and draw protons, electrons, and neutrons based element‘s notation. 

Reason: students can immediately understand and apply the number on the element‘s notation by drawing 

it. Other solutions: through a written test and do the problems on worksheets as a practical guide students, 

from lab reports that were written. 

Core Question number 1 and 3 is concerned with understanding chemistry materials of teacher‘s 

candidates or students in general. Related to the mastery of concepts, Loughran, et al. (2012), said that 

teachers need to have a rich conceptual understanding of the content of certain subjects they teach. It 

shows that teachers should have the professional competence as set forth in the Regulation of the Minister 

of National Education No. 16 of 2007. Generally the difficulty that happens is the  in determining the 

comprehensive ideas in accordance with the curriculum, how to identify the big ideas in the content, 

importance concept selection, the depth and broadness of a topic, and strategies used in teaching and 

learning which enables understanding of the events and phenomena that are relevant to students' lives 

(Harlen, 2010). 

PaP-eRs document is a form of teacher reflection after learning activity in narrative form. This 

document differs from the CoRe document that can be done in group, since PaP-eRs done individually. 

Based on the results of teacher candidates writing can be described as follows: 

(1) There is no one teacher candidates who wrote problems faced by teachers, all of them write down the 

problems faced by students. Through discussions with the research team they said that the problems 

that may occur are already resolved at the time of writing CoRe with the research team. 
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(2) In general, the research subject tells the course of the learning process, learning strategies that used, 

and only 2 research subjects that tells unexpected events. 

(3) At the learning activities stage is not written in detail, because it was written in the lesson plans. The 

research team suggested the upcoming writing can be written to be used by others. 

(4) Equal with the number 3, is a matter of judgment. All research subjects didn‘t write the assessment 

technique because it considered to be a package with lesson plans. 

(5) Five research subjects outlining the weaknesses of the learning activity, but only two people who 

wrote the effort to improve. 

 
Some of the factors that hinder the feasibility of activities are: (1) at the beginning of PPL much 

work to be done, so that the writing of the new CoRe document done about 2 weeks after implementation 

of PPL, (2) some items of CoRe document is still difficult to be expressed by teacher candidates, and this 

is primarily related to the weak mastery of concepts owned by teacher candidates, and (3) the teacher 

candidates are also not accustomed to write, so that the reflection in the PaP-eRs need more exercise. 

Supporting factor of this study implementation is that the teacher candidate student enthusiast to this 

additional task because it has benefit directly to the PPL implementation as well to reflect on what has 

been done. Discussion with the research team either as mentor or not felt the benefits especially to dig the 

material and learning strategy more deeply, so it is necessary and important to be given through lectures. 

One important reason for their difficulties in understanding the chemistry is closely related to 

multiple levels of representation used in describing and explaining the chemical phenomena (Johnstone, 

2000a, 2000b; Tasker & Dalton, 2006; Eilks, et. al., 2007, Chandrasegaran et. al., 2007). These difficulties 

make students didn‘t master the chemistry materials completely (Sirhan, 2007; Haryani, et al, 2012). 

Mastery of chemical concepts by students should be showed by the ability to transfer and links between 

the three levels of representation of chemistry that consists of macroscopic, submicroscopic and symbolic 

level (Johnston, 2000a, 2000b; Treagust & Chandrasegaran 2009; Talanquer 2011; Tuysuza, et. al., 

2011). ). Through the writing of this CoRe is expected to improve understanding of chemistry materials of 

teacher candidates as well as how to teach it, as has been drilled through the CoRe writing numbers 4-7. 

CoRe has the potential to help the novice teacher or teacher candidates to gain access to the knowledge 

and experience as expert or experienced teacher (Eames, et. al., 2012). 

 

4. Conclusion 

Based on the analysis of study result description showed that the implementation of PCK trough the 

preparation of CoRe document and PaP-eRs can improve the performance of chemistry teacher candidates 

in preparing lesson plans. Good writing of lesson plans will have an impact on the good implementation of 

learning process in the classroom. The difficulties faced by teacher candidates mainly concerned with 

weak mastery of concepts owned, and the teacher candidates are not accustomed to write PaP-eRs as a 

reflection of what has been done. However, teacher candidates happily writing CoRe document and PaP-

eRs as well as need to be debriefed to the teacher candidates because it is very useful in the PPL 

implementation. The idea of PCK trough preparation of CoRe document and a PaP-eRs is still actual and 

useful to escort PPL. Therefore it is necessary to design a good instructional materials and implemented 

trough Chemistry Lesson Planning (PPK) lecture. 
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Abstract.This study aims to get results of laboratory inquiry activity-based lectures on student as 

future chemistry teacher. Research data analysis used mixed method with Embedded Experimental 

model. The model was implemented to 29 students of the experimental class and 35 students of the 

control class. Multiple Intelligences developed is related to the lectures in the laboratory, they are 

logical mathematics and intrapersonal intelligence. The process of laboratory inquiry activities 

undertaken continuously will become habit of mind to develop self-potential to become more optimal. 

The results showed significant increase between the control class and experimental class for 

mathematics logical intelligence and intrapersonal intelligence. The highest achievements are in 

logical analysis indicator (logical mathematics intelligence) and metacognition indicator 

(intrapersonal intelligence). 

 
1. Introduction 

Activity in the laboratory in the learning process of science including chemistry, should be done through 

the exploration stage of self-experience, starting from the analysis of the supporting journal in developing 

a work design preparatory, up to discovering new knowledge, this stage trains basic skills of inquiry 

(Cacciatore & Sevian 2009). 

Stages of inquiry in the laboratory begins with the search for information from various sources, in 

this step the intelligence associated with great effort in designing an experiment properly including 

developing intrapersonal intelligence/ multiple intelligence. During the stage of designing experiments, it 

needs a discussion with the members of the group to bring together the search results that have been 

obtained; this process highly develops interpersonal intelligence/ multiple intelligences (Wardani, 2014). 

After designing the experiment, some stages are carried out such as the stage of preparing experiment, 

conducting experiment, analyzing the results of the experiment, then at this stage the development of logic 

and mathematical figures which can  develop logical mathematics intelligence is required (Wardani, 2013). 

Gardner (2003) stated that everyone has intelligence which is different with all of their potentials, 

both in children and adults. Furthermore, he stated that everyone has multiple intelligences with different 

levels of development. However, the multiple intelligences owned by human beings must be balanced 

with tolerance of any differences such as race, ethnicity, religion, and others (Tilaar, 2008). Gardner in 

Lazear (2004) identifies eight types of human intelligence. Those eight kinds of human intelligences are 

linguistic intelligence, logical mathematics intelligence, visual spatial intelligence, musical intelligence, 

kinesthetic intelligence, interpersonal intelligence, intrapersonal intelligence, and naturalist intelligence. 

According to NRC (2005) practicum using a lab manual is still verifiable, so it is not effective for 

science teaching anymore. This opinion is supported by the results of a field study conducted for the 

chemistry lab analysis instrument subject which shows the results of pretest understanding of the concept, 
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80% of students scored below 50 (score 100), while 20% scored between 50-79. This condition is caused 

by an understanding of the concept of students as future teachers which is still low. The condition related 

to the meaningless problem of chemistry lab including analytical chemistry, is also expressed by 

Gianpiera Adanni (2006);, Amarasiriwardena (2007); Kipnis & Hofstein, (2007); and Guy Ashkenazi and 

Gabriela (2007). 

The learning process which is done today generally only transfers information that has been 

finished and tested. That learning process has been proven to have weaknesses in our learning system, 

because students finally end up just as the users of information. This learning system also does not foster 

the creativity of students because it tends to be passive and instant. To foster the creativity of students, it 

needs a learning model that can develop multiple intelligences of students. The development of multiple 

intelligences is highly determined by internal and external factors. Internal factors that influence the 

development of multiple intelligences are the role of genetic, lifestyle, nutrition, and breastfeeding. 

Meanwhile, the external factors that influence the development of multiple intelligences are environmental 

influences, motivation, and experience in the learning process, including the stage of inquiry (Gunawan, 

2004; Wardani, 2013). 

Based on the above explanation, the problem that will be revealed in this paper is whether the 

model of laboratory inquiry activity-based lecture can improve the multiple intelligence of student as 

future chemistry teacher. 

 

2. Methods 

This study was designed by using a mixed method with embedded experimental model. The model is 

implemented to 29 students of the experimental class and 35 students of the control class. Experimental 

method with pretest - posttest control group design was used in this study. The experimental class was 

given a treatment in the form of laboratory inquiry activity-based Instrument Analytical Chemistry 

learning, while the learning in the control class was in the form of laboratory experiments with standard 

lab procedure. Measurement data to reveal an increase in the Multiple Intelligence were by means of tests 

and observation. Increasing of logical mathematics was analyzed from the results of pretest and posttest, 

by calculating the price (N-gain) of each indicator of logical mathematics between the experimental class 

and control class. While the increasing of interpersonal and intrapersonal intelligence was seen from the 

observation that was analyzed descriptively. Learning steps are adapted from Cacciatore & Sevian (2009), 

the learning begins with a contract of lectures, and then followed by: (1) orienting student on the problem, 

pretest, (2) organizing student to study, (3) guiding group investigation, (4) presenting the results of 

research project, (5) analyzing and evaluating the problem-solving process, and (6) students work on the 

posttest. 

 

3. Results and discussion 

Multiple Intelligences which are expected to increase through the laboratory inquiry activity is logical 

mathematics intelligence, intrapersonal and interpersonal. The increase of logical mathematics intelligence 

is measured after the implementation of the model which includes the analysis of the results of the pretest-

posttest for each indicator of logical mathematics. Indicators of logical mathematics intelligence revealed 

in this study are problem solving (PS), thinking pattern (TP), calculation processes (CP), logical analysis 

(LA) and mathematical operations (MO). Results of the analysis of the pretest-posttest score of each 

indicator of logical mathematics intelligence mathematics in the control class and experimental class in % 

N-gain are shown in Figure 1. 
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Figure 1. Mean% N-gain of each indicator of logical mathematics intelligence in the control class and 

experimental class 

 

The increase in the average % N-gain of each indicator of logical mathematics, the highest one is 

occurred in logical analysis indicator, and then followed with problem solving indicator, calculation 

processes, and mathematical operations, while the lowest % N-gain is in the thinking pattern indicator. 

However, all of them belong to the increase level with medium category. The increase of % N-gain in the 

experimental class is higher than the control class. This happens because the implementation of inquiry 

activity model in the experimental class can provide a good learning situation for developing logical 

mathematics intelligence. 

The highest increase occurred in the logical analysis indicator, followed by problem solving, 

calculation processes, and mathematical operations, as well as the lowest for an increase in the thinking 

pattern indicator. Strengthening towards the increase is obtained through tabulation with t-test, in which it 

was found that an increase in all of the indicators differed significantly. Other studies that support this 

result are Herayanti (2009), Iriany (2009), and Nuryati (2010), which indicate that the inquiry approach 

can improve the mathematical problem solving and logical mathematics reasoning skills / logical analysis. 

Each indicator in the logical mathematics intelligence can develop well at the stage of inquiry 

activity, because in stage which is started with the problem, it is always trained how to plan solving 

problems, carry out experiments which have been designed, analyze data from the implementation of the 

experiment so that the increase will be better. Then in each step of inquiry activity, the students always 

have to calculate and use mathematical stages. Thus the calculation processes and mathematical 

operations skills are trained. In the implementation of the model, the students always think of 

observational data processing steps after the experiments, so that the thinking pattern skill is trained. 

This model provides an opportunity for students to be actively involved in the process of making 

the experimental design, conducting the experiment, directly involved in solving the problem and 

conducting experiments, analyzing the experimental data logically, to reporting the results of the 

experiment. Thus, students experience a situation that led to the increase in the logical mathematics 

intelligence. These results are in line with the results of the study conducted by Wildfire (2010), that the 

inquiry activity can improve the mathematical understanding and logical mathematics reasoning skills in 

students. The development of logical mathematics intelligence is strengthened again in the presentation 

step of the experimental design, each student interact with friends in their group and also other groups, in 
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which according to the theory of learning of Vygotsy (Dahar, 1996) will enrich the intellectual 

development of students. 

Carter, (2005) states that if a student is trained to carry out the settlement of the complex problems 

that this exercise will form the Habits of mind of students. This student's habit is strongly influenced by 

the attitude of the students towards learning. This habit of thinking is basically preceded by the 

establishment of a positive attitude of students towards learning. Aklinoglu (2007) stated that the learning 

innovation gives positive effect on the mastery of concepts and attitudes towards science learning. Habits 

of mind are also associated with the ability of students in doing the analysis and scientific reasoning. In 

the study of Anggraeni (2006) and Zulfiani, (2006); it was found that the inquiry-based science learning 

can improve both of those capabilities. In harmony with this finding, Cacciatore (2009) stated that the 

laboratory inquiry activity can establish a theory and also build complex thinking. 

Intrapersonal intelligence is an ability that allows individuals to properly classify their feelings, 

for example, distinguish between pain and pleasure, and behave as such distinction. This intelligence 

allows individuals to construct their mental model accurately, and describe several models to make good 

decisions in their lives (Lazear, 2004). 

The increase of intrapersonal intelligence can be measured with five indicators, they are self-

reflection (can connect the facts to be opinion of oneself); emotional processing (show seriousness in 

solving problem to be a new discovery), metacognition (think about the steps in solving problems), values 

clarification (can show the ability to assess and connect with the opinion of oneself), and self-identity (can 

identify concepts and his personal opinion) Lazear 2004. 

The increase of intrapersonal intelligence between the control class and experimental class is 

shown in Figure 2. After the implementation of the inquiry activities in the laboratory were analyzed to 

measure the improvement of each indicator of intrapersonal intelligence, through the stages of inquiry in 

analyzing journal, determining the problem, making hypotheses in experimental design and reporting 

experiments. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Percentage of each indicator of intrapersonal intelligence in the experimental class and control 

class 
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Figure 2 presents the percentage of the observation result of each indicator for the control class 

and experimental class. The highest increase is in the metacognition indicator. The second highest 

achievement is on the indicators of self-reflection and self-identity, it is presumably because at this stage 

of inquiry begins by identifying problems of several journals, to determine the problem. The next increase 

is in the value clarification indicator, while the lowest increase is in the emotional processing indicator. 

This increase possibly happens since starting from designing experiments, students are trained to 

find the source of information as the theoretical basis and think of such a move is in compliance or not 

with the problem, besides the student must also be able to adjust with the equipment available in the 

laboratory. 

In addition, during the experiment the students will always think about what steps to take if there 

are obstacles that occur in implementing the working steps that have been designed well. This 

metacognition is also potential to develop at the stage of designing the experiment, the data analysis of 

experimental results, report writing, and presentation of results, because in those stages, the students 

should always proceed their thinking process. 

This result is in accordance with the opinion of Kipnis (2007) and Cacciatore (2009), which state 

that the inquiry-based lab learning can improve student‘s metacognition. A similar study also stated that 

the problem-based learning can improve student‘s metacognition (Haryani, 2011). Also the finding of 

Anwar (2005) that in solving complex problems, multiple intelligences including using metacognition, 

which is part of the Habits of Mind are required (Costa, 2000). 

Self-identity is one of intrapersonal indicators that the increase belongs to high level. On this 

indicator the students were able to link the existing facts into their own opinions; students are able to 

identify the basic concepts with their personal opinions. This increase reasonably occurred because of 

during inquiry activity, students were trained to find references as a basic concept to solve the problem, 

and then analyze the observation data and process them into a new understanding. It also develops well 

because metacognition indicator also develops well and even better. This is similar to the findings of 

Haryani (2011) that an increase of metacognition in problem-based practicum occurs because 

metacognition is a reflection on every step in a task. 

 

4. Conclusion 

The study that has been done results in a conclusion that the laboratory inquiry activity can improve 

logical mathematics intelligence, with the highest percentage of N-gain is in the logical analysis indicator 

by 65% and increase the intrapersonal intelligence, in which the highest one is in the metacognition 

indicator with the percentage of observation result by 86% or it can be said that laboratory inquiry activity 

can improve Multiple Intelligences. 
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