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Systemic Approach in Teaching and Learning Chemistry (SATLC)
was founded (1997)(1-3). Our interest in developing the SATL strategy arose from the recognition of the increasing globalization of a wide spectrum of human activities such as economics, media, politics, and entertainment.
As a start, we suggest the development of an educational process based on the application of "systemics", which we believe, will affect both teaching and learning. The use of systemics, in our view, will help students begin to understand interrelationships of concepts in a greater context, a point of view that ultimately should prove beneficial to the future citizens of a world that is becoming increasingly globalized.

By "systemic" we mean an arrangement of concepts or issues through interacting systems in which all relationships between concepts and issues are made clear, up front, to the learner using a concept map-like representation. In contrast with the usual strategy(4) of concept mapping, which involves establishing a hierarchy of concepts, our approach strives to create a more-or-less "closed system of concepts" which stresses the interrelationships among concepts; Figure (1) illustrates diagrammatically the difference between a linear representation of concepts (1a) and our systemic representation (1b). We believe it is more difficult to obtain a global view of a collection of linearly arranged concepts (1a) than with the systemic representation (1b), which stresses all relationships among concepts.
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In continuation to our work on Green Chemistry in Lab experiments(5), we discuss here the uses of SATLC in laboratory instruction, specifically, conducting experiments that reveal the "chemistry of species" of interest. 

Applying Systemics to this phase of laboratory instruction reveals the following advantages, which constitute the principles of benign analysis:

* Smaller amounts of Chemicals are used.

* Recycling of Chemicals. 

* Experiments are done with less hazards, and more safety. 

* Experiments are done more rapidly.

* Students easily acquire a working sense of the principles of green chemistry.

Classical laboratory-oriented subject of qualitative analysis involves the application of linearly obtained chemical information to an unknown solution in a linear way.


In contrast to the linear approach of learning chemistry of cations from a laboratory experience, a systemic approach has been developed that focuses attention on individual species (cf. Figure 2).

Fig 2: Systemic Investigation of species A+

(SI-Plane)
The diagram shows the Plane for qualitative investigation of the species (A+), the preparation of A+ Compounds, and the interconversion of the species.

Notice that the formulas of chemical species of interest are expressed in the fig: (2), but reagents that bring about these conversions are not given fig (2). These reagents are revealed experimentally in a series of reactions shown in (Fig 2a-d), which the students can do in the laboratory on a small single sample of the species (A+). 
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(Fig 2-d)

Fig 2.a-d: The Laboratory - based evolutions of the chemistry of species 

(A+) as performed by students

In Fig 2-d all the experiments of the cycle were done. It is known as (SI-Final). The reactions can be performed in a single test tube on a small sample (<0.5 ml).  

This approach allows students to experience the colors of chemical species, their solubility characteristics, and their redox behavior. The “green chemistry” aspects of this approach involve a very small amount of the cation-containing species, which is contained in a very small volume. 

There are two examples of elements cycles in the literature that employ the SATL strategy. In the early 1980's, John Bailar(6) published a copper cycle experiment, which had many of the attributes of the SATL approach.

Arnaiz and Pedrosa (1999) published(7) a lead cycle for minimizing the production of wastes. 

As an illustration of this methodology, we have created. Qualitative benign analytical chemistry course for the first-year students of faculty of Sci., Benha, Zigzag University, and Faculty of Education, Helwan University, Egypt. The Systemic based course materials were presented in 24hrs (2hrs period/ per week) From Sept.-Dec. (2001).

The Analytical Classification of the metal ions: 

The common metallic ions may be divided, for purposes of qualitative analysis, into a number of groups, which are distinguished according to their particular group reagent. 

It's assumed that the group reagents are added systematically to the solution from which the ions of the earlier groups have been removed or absent. When carrying out the various reactions of cations the student should always aim to keep the volumes and quantities of reagents as small as possible (semimicro technique). The advantages of semimicro scale technique, especially from the view point of economy of chemicals, apparatus, time and safe environments are so great that it must be strongly recommended to all. 

Group I: (Experiment-1)

1) To (1ml) of the unknown solution add (1ml) of dil. HCl solution. 

2) Boile the white ppt. obtained from (step. 1).

If soluble  
The ppt. insoluble 

(Pb2+) is present, 

Carry out 

(SI-1) to confirm the results
(Ag+) is present, 

Carry out  

 (SI-2) to confirm the results

Systemic Investigation of [Pb++] (SI-1): Lead Cycle

The students follow the plane (SI-1) to investigate (Pb2+) in a series of experiments (1-4) in a single test tube on a small sample of lead nitrate (0.5 ml), then they recycle the product of (Exp. 4) to Pb(NO3)2 (Cf. SI - Final).


Systemic Investigation of [Ag+] (SI-2): Silver Cycle

The students follow the plane (SI-2) to investigate (Ag+) in a series of experiments (1-3), then recycle the product of (Exp.3) to AgNO3 (Cf. SI-2-Final).


If Exp. (1) Gives No Precipitate then Carry Out Exp. II: 

To (1 ml) of the unknown solution add (1 ml) of dil. HCl and (1ml) solution of Na2S 
Observation:

If canary

yellow ppt.
If dark 

brown ppt.
If black ppt.
If a white then yellow, brown and finally black ppt

This means that (Cd2+) is present.

Carry out (SI - 3) 

to confirm this result
This means that (Bi3+) is present.

Carry out (SI- 4) 

to confirm this result.
This means that (Cu2+) is present. 

Carry out (SI- 5) 

to confirm this result.
This means that (Hg2+) is present. 

Carry out (SI- 6)
to confirm this result.

Systemic Investigation of (Cd2+) (SI-3): Cadmium Cycle

The students follow the plane (SI-3) to investigate (Cd2+) in a series of experiments (1-4), then recycle the product of (exp. 4) to Cd(NO3)2 (Cf. (SI-3 Final).


Systemic Investigation of (Bi3+) (SI-4): Bismuth Cycle


Systemic Investigation of (Cu++) (SI-5): Copper Cycle


Systemic Investigation of (Hg2+) (SI-6): Mercury Cycle


If Exp. II Gives No Precipitate, then Carry Out Exp. III:

To (1ml) of the unknown solution add (2 ml) of ammonium chloride solution and (1 ml) of ammonium hydroxide solution

Observation:

If grey-green ppt.
If white gelatinous ppt.
If reddish brown ppt.

This means that (Cr3+)

 is present

Carry out (SI - 7)

 to confirm this result
This means that (Al3+)

 is present.

Carry out (SI- 8) 

to confirm this result.
This means that (Fe3+)

 is present. 

Carry out (SI- 9)

 to confirm this result.

Systemic Investigation of (Cr3+) (SI-7): Chromium Cycle

Systemic Investigation of (Al3+) (SI-8): Aluminium Cycle


Systemic Investigation of (Fe3+) (SI-9): Iron Cycle


If Exp. III Gives No Precipitate, then Carry Out Exp. IV:

To (1 ml) of the unknown solution, add (2ml) of ammonium chloride and (1 ml) of ammonium hydroxide and (1 ml) of sodium sulphide solution.

What do you observe? 

Observation:

If black ppt.
If buff ppt.
If white gelatinous ppt.

This means that (Ni2+) or (Co2+) may be present

Investigate the cation by using (SI - 10) or (SI- 11)                      
This means that (Mn2+) 

is present .

Carry out (SI- 12)
 to confirm this result.
This means that (Zn2+)

 is present . 

Carry out (SI- 13)
 to confirm this result.

Systemic Investigation of (Ni2+) (SI-10): Nickel Cycle


Systemic Investigation of (Co2+) (SI-11): Cobalt Cycle


Systemic Investigation of (Mn2+) (SI-12): Manganese Cycle


Systemic Investigation of (Zn2+) (SI-13): Zinc Cycle


If Exp. IV Gives No Precipitate, then Carry Out Exp. V:

i) To (2 ml) of the unknown solution add (1 ml) of NH4Cl, NH4OH until just alkaline, then add (2 ml) of (NH4)2CO3 solution.

ii) Dissolve the white precipitate formed in hot acetic acid, then add (2 ml) of K2Cr2O7 solution:

Observation:

If yellow ppt.
 If no ppt.

This means that (Ba2+) 

is present. 

Carry out (SI-14) 

to confirm this result.
This means that (Sr2+) or (Ca2+) 

may be present. 

Add (CaSO4) solution :

Observation:


If white ppt.
If no ppt..


This means that (Sr2+) is present. Carry out (SI-15) 

to confirm the result
This means that (Ca2+) is present. Carry out (SI-16)
to confirm the result

Systemic Investigation of (Ba2+) (SI-14): Barium Cycle


Systemic Investigation of (Sr2+) (SI-15): Strontium Cycle


Systemic Investigation of (Ca2+) (SI-16): Calcium Cycle


If Exp. V Gives No ppt., Then Carry Out Exp. VI:

To (1 ml) of unknown solution add sodium hydroxide and then boil.

Observation:

If white ppt.
If Ammonia odour evolved.
If no observation.

This means that (Mg2+) is present. 

Carry out (SI-17).to confirm this result
This means that (NH4+)

 is present. 

Carry out

Exp. VI-A
This means that (K+) or (Na+) may be present. 

Carry out

 Exp. VI-B

Systemic Investigation of (Mg2+) (SI-17): Magnesium Cycle


Test for Ammonium Ion: Exp. VI-A:

To (0.5 ml) of the unknown solution add (0.5 ml) of Nessler`s reagent. K2[HgI4].

Observation:

Brown ppt., or brown or yellow coloration is produced according to the amount of ammonia or of ammonium ions. (NH4)2 [HgI4].

Test for potassium Ion: Exp. VI-B:

To (0.5 ml) of the unknown solution add (0.5 ml). of sodium cobaltinitrite solution.

Observation:

Yellow precipitate of potassium-sodium cobaltinitrite 

Equation:

If exp. VI-B gives no observation, then the solution contains Na+ radical.

Results of Experimentation: 

The experimentation results showed that the Benign scheme reduces the consumption chemicals in Comparison with the classical scheme as shown in table (1). This means low cost, and less pollution.   

Table 1: Amount of salts needed for Experimental group (Benign scheme), 

and Reference group (Classic scheme)

Salts
Amount required (gm / 50 Students)


Classic Scheme

Solid/ (g)
Benign Scheme 

0.1M Solution (1/2 liter)

Pb(NO3)2
100
16.5

Al(NO3)3
200
11.0

CrCl3.6H2O
200
13.5

NiCl2.6H2O
200
12.0

Co(NO3)2.6H2O
200
15.0

CdCl2 5H2O
150
13.5

BaCl2.2H2O
200
12.0

MgSO4.7H2O
200
12.0

STATISTICAL DATA:

The statistical data showed that the students of the experimental group are significantly improved towards the principles of qualitative Benign analysis however no improvement in the student results of control group after applying traditional methodology. This is shown in the following tables (2-5).

Table (2): Students Mean, standard deviation, (t) Value and Effect Size

of the results of an achievement test for the experimental and control groups

Learning 

Levels 
Experimental group n = 60
Control group 

n = 26
t
Effect size


Means
SD
Means 
SD



Knowledge
4.08
0.69
3.5
0.89
3.24*


Comprehension
11.73
1.97
10.98
1.55
1.71**


Application
3.25
1.03
2.31
1.32
3.52*


Analysis
6.23
2.06
2.46
1.31
8.52*


Synthesis
10.13
1.87
2.38
1.60
18.24*


Evaluation
5.18
1.07
2.12
1.33
11.17*


Total
40.53
3.77
23.49
5.28
16.71*
3.65 Large

Notes:   * t > 0.01





** t > 0.5

 Table (3): Mean, standard deviation, (t) Value and Effect of Size of the results 

of a final practical test for the Experimental and control groups 

Groups
No.of students
Means
SD
t value
Effect size

Experimental group
60
23.81
1.95
10.77 
2.26 

large effect

Control group
33
20.30
1.22



* Significant at < 0.01









Table 4: Means, Standard Deviations, (t) value and Effect Size  of the results 

of students in the final practical observation scale for the experimental 

and control groups 

The Scale
Experimental group n = 40
Control group 

n = 20
(t) value
Effect size


Means
SD
Means 
SD



1- Planning and organization of the experiment.
13.25
0.97
7.95
1.75
14.8*


2- Skills, of manipulating the tools.
15.23
1.47
8.45
1.36
16.97*


3- Observation and recording of the results.
7.33
1.23
4.245
1.28
8.30*


4- Analysis of data and conclusion. 
6.78
2.30
4.3
2
4.04*


5- Students behavior in Laboratory.  
12.13
1.38
7.95
1.96
9.39*


Total record. 
54.78
5.23
33.03
5.13
15
3.94 large

Note:   * t > 0.01

Table 5: Mean, standard deviation, (t) Value and Effect of Size  of the results 

of students in the post attitude scale for the experimental and control groups

Dimension of Scale
Number of item
Experimental group n = 60
Control group 

n = 29
(t) value
Effect size



Means
SD
Means 
SD



1- The enjoyment of Lab Activities.
14
61.53
2.77
58.31
3.37
4.73*


2- Appreciation of the studying chemistry.
13
57.82
3.89
55.64
2.23
2.78**


3- Environmental protection. 
14
59.41
3.75
54.6
2.91
6.02*


4- Reducing the consumption of 

chemicals 
8
34.74
2.99
26.47
3.15
12.94*


5- Social responsibility.
15
68.99
5.77
60.98
4.02
6.66*


Total scale
64
283.01
10.06
256.04
9.62
11.90*
2.56 large

Notes:   * t > 0.01; 





** t > 0.5

Conclusion: 

1) Students of the experimental group are significantly improved toward the principles of Benign analysis.

2) Benign scheme is less expensive, and minimizing the production of chemical wastes. 
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Nitrate salt











(SI - 16 - Plane)





Exp.1





Ca2+








Exp.2





HNO3





Nitrate salt





(White ppt)


CaCO3





(White ppt)


Ca C2O4








(?)





(?)











(SI - 16 - Final)





Na2CO3





Ca2+








  i) HNO3 


 ii) (NH4)2C2O4














(White ppt)


CaCO3





(White ppt)


Ca C2O4








(()








(()











(()











Recycling


HNO3





Nitrate salt











(SI - 17 - Plane)





Exp.1





Mg2+








Exp.2





HCl





Chloride salt





(White gel.  ppt)


Mg (OH)2








(White ppt)


Mg (NH4) PO4











(?)





(?)











(SI - 17 - Final)





NH4OH








Mg2+








i) HCl/NH4Cl


ii) Na3PO4














(White gel.  ppt)


Mg (OH)2








(White ppt)


Mg (NH4) PO4











(()








(()











(()











Recycling


HCl





Chloride salt
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