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Abstract  

Chemistry-major freshmen often learn problem-solving skills in the classroom rather than in 

the laboratory. The problems that are usually given by teachers or from textbooks are almost 

virtual-situation rather than real-world. In this study, we provided our students with a 

real-world problem on the thickness and the atomic layer of laminated aluminum foil. This 

study includes four main facets: (i) Developing teaching materials; (ii) Describing strategies 

of problems solving; (iii) Examining students’ problem solving; and (iv) Analyzing students’ 

learning feedback. This study concludes: (a) Teacher-developed experiments are suitable as 

real-time teaching materials for students’ hands-on learning for general and analytical 

chemistry laboratories; (b) In term of laminated aluminum foil using four flexible food 

packages as samples determined by the teacher and students, the thicknesses range 

0.000549 0.000652 cm (4.59 6.52 m) and 0.000480 0.000688 cm (4.80 6.88 m), as 

well as show 27100-32200 and 22500 32600 atomic layers, respectively; (c) Student’s 

learning feedback reveal that the overwhelming majority of students have positive responses 

in cognitive domain, affective domain and science process skills. 

 

Introduction 

The laminated aluminum foil of flexible food packages can be readily available to 

everyone, in everywhere, and in every day. It is widely used as high barrier material to 

prevent oxygen gas, water vapor and ultraviolet light transmissions for the food, beverage, 

medicine, and computer packaging. Such packages are commonly constructed with one layer 

or more of the aluminum foil, plastic and/or paper, and adhesive. How thick is the laminated 

aluminum foil of flexible food packages? How many atomic layers are there? These 

interesting problems make students curious to discover the answers. 

For motivating student learning, common household products have been used as 
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reagents and materials in the chemistry laboratory. Some of them have recently been compiled 

in general chemistry laboratory textbooks [such as 1-2]. Consumer products used as assays in 

the textbooks include white vinegar and antacid for acid-base titration [3-7]; bleach and 

vitamin tablets for oxidation-reduction titration [6-8]; aspirin tablets and cola drinks for 

spectrophotometry [3-4]. Consumer products, such as commercial antacid, galvanized iron 

nails, cereal, powdered drink mixes, imposter perfumes, malted barley, and sports drinks, 

have been used for qualitative analysis [9-16]. Flexible food packages have been not 

mentioned in either chemical laboratory manuals or chemical education literature. 

Determinations of the thickness and the number of atomic layer in a very thin film 

could motivate students’ learning about the science in microscale and nanoscale materials. 

Such studies have been adapted as teaching materials. The thicknesses of zinc coating on 

galvanized irons are 1.43–6.44 x 10
-4

 cm (1.43 6.44 m) [10]. The film thickness of a 

Shampoo bubble is 10
-6

 cm (0.01 m, 10 nm) [17]. The thickness of Au film is in the range 

of 8.91–32.88 x 10
-7 

cm (0.00891–0.03288 m, 8.91–32.88 nm) [18]. The shell thickness of 

the copper-clad cent is 1.16 x 10
-3

 cm (11.6 m) [19]. The average value for the oxide 

thickness on aluminum metal is 4.2 x 10
-7 

cm (0.0042 m, 4.2 nm) [20]. The thickness of 

vinyl acetate content of packaging film is 1.3–1.5 x 10
-4

 cm (1.3–1.5 m) [21]. However, 

only one article reported that the zinc coating on galvanized irons has 18500 64900 atomic 

layers, which is determined using a gasometric assembly and through a strategy of 

quantitative problem solving [10]. 

Chemistry-major freshmen often learn problem-solving skills in the classroom rather 

than in the laboratory. The problems that are usually provided by teachers or from textbooks, 

are almost virtual-situation rather than real-world, such as a quantitative problem solving and 

cross-proportions [22-23]. Recently, real-world problem solving has been integrated into 

general chemistry laboratory, such as zinc coating on galvanized iron [10], carbohydrate 

analysis of bananas, prompted inquiry-based learning, seawater analysis, and Mentos and 

scientific method, investigating the stability of benzoyl peroxide [24-28]. In this article, we 

provided the students with a real-world problem requiring the complexometric back titration 

to determine atomic layer of laminated aluminum foil through two different strategies of 

quantitative problem solving. 

This article includes four facets: (i) Adapting teacher-developed experiments with 

complexometric back titration as teaching materials and guiding students through laboratory 

instruction to discover the thickness of laminated aluminum foil; (ii) Describing strategies of 

problem solving about the number of atomic layers of laminated aluminum foil; (iii) 

Displaying the thickness and the number of atomic layers from students’ and teacher’s data 

processing, and evaluating teacher-developed experiments and examining students’ problem 

solving; and (iv) Qualitatively analyzing students learning feedback. 
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Instructional Strategies and Teaching Materials 

Our instruction strategies are divided into four parts: (i) a recitation of content 

knowledge, (ii) hands-on learning associated with data processing, (iii) quantitative problem 

solving through discussion, and (iv) homework for answering post-lab questions. During 

hands-on learning and data processing, our students spend one 3-hr session conducting given 

procedures by complexometric back titration to determine the thickness of laminated 

aluminum foil using two independent protocols. In the course of quantitative problem solving, 

the students take a 1-hr session and are guided by two different strategies with discussion to 

solve the problems on atomic layers. The instructional strategies with a systematic table as 

well as time required and group tasks are detailed in Appendices of Supporting Materials. 

Forty-eight chemistry-major students engaged this activity in department of chemistry 

at NCUE in Taiwan during the spring 2007 semester. They were assigned to work in a group 

of two students. Student groups chose their partners. Each group needed to carried out two 

independent protocols and completed two different problem-solving. Students’ age is most of 

18 year old. They have 26 males (54%) and 22 females (46%). Most students were interested 

in chemistry. An instructor and a TA guided the students for the laboratory instruction. 

In this activity, our students solved two problems on ‘How thick?’ and ‘How many 

atomic layers?’ Students must be first determined in the thickness and then solved the number 

of atomic layers. To determine the thickness, the aluminum quantity of a known area is 

needed. To obtain the quantity, we developed novel experiments with two independent 

protocols. For the laboratory instruction, teacher-developed experiments were adapted as 

teaching materials. Student handout consists of seven sections, as detailed in Supporting 

Materials. Below is a brief description. 

 Problems –introducing two problems; 

 Content Knowledge – describing (a) laminated aluminum foil and structure, flexible 

food packaging, and so on; (b) aluminum analysis, and summaries of the sequence and 

schematic quantities of metallic ions; and (c) the atomic packing structures; 

 Hazards – giving safety precautions for hazardous chemicals; 

 Waste Disposal – providing two ways for waste handling; 

 Good Practices – providing suggestions of four good practices; 

 Experimental Procedures – dividing into six parts: reagent preparation, sample 

preparation, preliminary, exact, and blank complexometric back titrations, and 

calculation of aluminum quantity. 

 Quantitative Problem Solving through Discussion – using two different strategies to 

solve the problem of atomic layers. 

Before adapting student handout, teacher-developed experiments with complexometric 

back titration have been evaluated by chemometrics and had passed the evaluation in 
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determining the thicknesses. The evaluation method and its result are detailed in the 

Appendices of Supporting Materials. Below is the outline of teacher-developed procedures. 

Detailed procedures are presented in Student Handout of Supporting Materials.  

 Part A: Reagent Preparation – preparing 3.0 M NaOH, 1.0 M HCl, 0.1000 M EDTA 

standard solution, 0.01000 M standardized zinc solution, pH 5.0 and pH 7.0 buffer 

solutions, 0.2 % xylenol orange and Eriochrome Black T indicators. 

 Part B: Sample Preparation – dissolving an indicated area of laminated aluminum foil 

in sodium hydroxide solution and diluting it to a given volume with deionized water. 

 Part C: Preliminary Complexometric Titration - dividing this titration into two 

different protocols based on metallic indicators and corresponding pH values. 

Preliminary titration is used to estimate a suitable volume of sample solution used in 

the next part. 

 Part D: Exact Complexometric Titration – dividing into two different protocols. Exact 

titration is used to determine the quantity of aluminum and non-aluminum metals in 

the sample solution. 

 Part E: Blank Complexometric Titration – dividing into two different protocols. Blank 

titration is used to determine quantities of non-aluminum metals in the blank solution. 

 Part F: Calculation of Aluminum Quantity – calculating the aluminum quantity 

(excluding non-aluminum metals) of laminated aluminum foil. 

After calculating the aluminum quantity, students solved the two problems about the 

thickness and the number of atomic layers of laminated aluminum foil. The process of 

problem solving about the number of atomic layers includes identifying the problem, 

gathering information, collecting and analyzing data, proposing a solution, and checking the 

answer. Students applied two different strategies to solve the number of atomic layers. 

Strategy A begins with an atomic packing structure involving the radius of atoms. Strategy B 

starts with the mass of a unit cell using the density of the metal. Detailed problem-solving 

processes are presented in Appendices of Supporting Materials. 

 

Results and Discussion 

In this paper, we determined the aluminum quantity by two independent protocols 

using xylenol orange at pH 5.0 and Eriochrome Black T at pH 7.0, respectively. Four flexible 

food packages  chocolate package (Ch Package), instant coffee package (IC Package), dry 

food package (DF Package), and Tetra Pak™ package (TP Package)  were used as samples. 

Evaluation methods for students’ and teacher’s results were divided into five phases: (i) 

Teacher-developed experiments as evaluated by chemometrics; (ii) Teacher’s results from two 

different protocols associated with two different strategies of problem solving are compared 

by different percentages; (iii) Students’ results are also compared by different percentages; 



 

 5 

(iv) Students’ problem solving for atomic layers is examined by chemometrics; (v) Students’ 

learning feedback are summarized into categories and evaluated by the qualitative analysis 

upon cognitive domain, affective domain, psychomotor domain, and science process skills. 

In the first and second phases, evaluating teacher-developed experiments and 

comparing teacher’s data processing with two problem-solving strategies are detailed in 

Appendices of Supporting Materials. The results indicated that teacher-developed 

experiments are suitable as real-time teaching materials for students’ hands-on learning for 

general and analytical chemistry laboratories. Additionally, the aluminum thickness of the 

four samples ranges 0.000549-0.000652 cm (5.49 6.52 μm). These aluminum foils have 

27100-32200 atomic layers. 

In the third phase, the students apply teacher-developed experiments for determining 

the thickness and the number of atomic layers applying the four samples. They also use two 

different strategies to solve the problem on atomic layers. Table 1 shows the thickness from 

students’ data processing and the atomic layers from students’ problem solving. 

Table 1: Thickness and Atomic Layers Obtained from Students 

    Thickness / μm     Atomic Layers using Strategy A Atomic Layers using Strategy B 
Samples 

pH 5 pH 7 Dif. % pH 5 pH 7 Dif. % pH 5 pH 7 Dif. % 

Ch Package 5.38 6.07 -11.4 32600 29000 12.4 22700 29900 -24.1 

IC Package 4.91 4.80 2.3 23600 23300 1.1 22500 23200 -2.8 

DF Package 6.55 6.88 -4.7 29100 29000 0.4 29800 29000 2.6 

TP Package 6.30 6.57 -4.1 30800 26400 16.6 30800 24400 26.5 

Students’ data analyses show that the aluminum thickness of the four samples ranges 

0.000480 0.000688 cm (4.80 6.88 μm). These aluminum foils have 22500 32600 atomic 

layers. Moreover, more than half of different percentages of the thickness and the number of 

atomic layers between two independent protocols are less than 5%. Students obtained a wider 

range in the thickness and the number of atomic layers relative to that obtained by the teacher. 

In the fourth phase, the number of atomic layers from students’ problem solving using 

two different strategies is compared by chemometrics, as presented in Table 2.  

The two-tailed t test indicates that there are no differences in average of the number of 

atomic layers between two independent protocols from students’ quantitative problem solving 

using the two strategies. Additionally, the one-sided F test shows that there are almost no 

differences in the results of students’ problem solving between the two protocols. Based on 

the chemometrics, teacher-developed experiments are suitable as student’s hands-on teaching 

materials for solving the problem on the number of atomic layers of laminated aluminum foil. 

In the fifth phase, students’ learning feedback is summarized into four categories: 

cognitive domain, affective domain, psychomotor domain, and science process skills and 
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Table 2: Comparison of Atomic Layers between Independent Protocols 

Strategy Sample 
pH 5 

No.
a
 

pH 7 

No.
a
 

pH 5 

Mean 

pH 7 

Mean 
SD Dif.

b
 t Value p Value F Value p Value 

Ch Package 2 5 32600 29000 -535 0.836 0.427 0.264 0.849 

IC Package 4 5 23600 23300 -396 1.165 0.271 12.611 0.004** 

DF Package 4 4 29100 29000 -3668 0.026 0.980 1.517 0.329 
A 

TP Package 4 4 30800 26400 -3615 1.477 0.174 4.634 0.059 

Ch Package 2 5 22700 29900 4235 1.207 0.262 62.204 0.000*** 

IC Package 3 3 22500 23200 1180 0.557 0.595 2.544 0.194 

DF Package 5 3 29800 29000 -92 1.368 0.204 0.379 0.861 
B 

TP Package 4 4 30800 24400 -3122 2.173 0.058 3.965 0.078 

a
pH 5 No. and pH 7 No. stand for effective sample sizes for the two protocols. 

b
Difference of the standard 

deviation. 
**

This value is significant at p < .01. 
***

This value is significant at p < .001. 

 

evaluated by the qualitative analysis  positive response, negative response, and combination 

of positive and negative responses, as detailed in Appendix of Supporting Materials. Below 

are the summarizations of students’ learning feedback. 

Cognitive domain: Students understand the relationship between metal indicators 

and pH conditions, the principle of complexometric back titration, and the application of 

blank titration. Students comprehend that the sequence of adding various solutions is very 

important. Students obtain knowledge about laminated aluminum foil and get to know its 

widespread applications in everyday products. Students also acquire crystal structure and 

learn about the relationship between the thickness and the number of atomic layers. Affective 

domain: These teacher-developed experiments can engage students’ interest because of 

analyzing everyday product, flexible food packages. Students are surprised at solving the 

problem on the number of metallic atomic layers using non-professional analytical 

instruments. Students consider that these experiments require fervent, patient, circumspection 

and they have to go through complicated and time-consuming procedures. Psychomotor 

domain: Students become proficient in complexometric back titration, and in making use of 

highly accurate and precise equipment. On the other hand, students failed many times in 

conducting experiments since the pH of the solution to be titrated was not carefully controlled. 

Science process skills: Students learn more chemistry knowledge due to group discussion, 

hands-on, and searching information. Students also gain ideas and suggestions in the course 

of group discussion, however, they consider that the calculation process need not go though 

much thinking because they just follow the instructor’s direction. 

 

Conclusions 
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By evaluating teacher-developed experiments and examining students’ problem 

solving, we concluded that the experiments using two independent protocols are suitable as 

real-time teaching materials for general and analytical chemistry laboratories in solving the 

problems on the thickness and the number of atomic layers of laminated aluminum foil. 

The thicknesses of laminated aluminum foil of four flexible food packages from the 

teacher’s and students’ data processing range 0.000549 0.000652 cm (5.49 6.52 μm) and 

0.000480 0.000688 cm (4.80 6.88 μm), respectively. The number of atomic layers of 

laminated aluminum foil from the teacher’s and students’ problem solving show 27100-32200 

and 22500 32600, respectively. Moreover, students obtained a wider range in the thickness 

and the number of atomic layers relative to the teacher. 

According to the qualitative analysis of students’ learning feedback, the laboratory 

instruction using our novel teacher-developed experiments reveal that the overwhelming 

majority of the students have positive responses in the cognitive domain, affective domain 

and science process skills; whereas the number of positive responses in psychomotor domain 

are almost equal to that of negative responses. 
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