Software description
Vacatello – Chemistry Problems 1.0

    Software description
General view
The Chemistry Problems 1.0 software (for Windows 98 and later) exploits advanced numerical methods to generate instantaneously and continuously new situations and data to be inserted in numerous problems related to the various topics that are traditionally part of a basic Chemistry course. In each case, the software also calculates the corresponding solutions and shows them when prompted. Problems and solutions can be printed to pre-formatted text files, allowing to prepare personalized problem lists of any length and complexity. 
The software (a single file of relatively small size) can be freely copied and diffused. No installation or activation is required. It can be executed anywhere from any suitable medium (hard disk, CD, USB key, memory card, Internet etc.). Software and manual are available at the website http://micvac.dichi.unina.it.

All theoretical concepts required to solve the various problems and the methods that can be utilized are described and commented in the book (in Italian) Vacatello – Problemi di Chimica 1.0 – Piccin Nuova Libraria, 2005; ISBN 88-299-1785-0.
The software can be considered like a shelf containing a practically infinite set of Versions of a book of Chemistry Problems. Each version differs from all others, and the student can freely select at each moment one version or another. In any case, whatever the version is, the student  can always regenerate the problem under study with new data at random (but obviously compatible with the problem text), and return to the original problem of the version in use whenever desired. 
The software can be used at various difficulty Levels, from the Basic Level (corresponding to the base preparation required for beginners) to the Excellent Level (a student capable of solving all problems of this level in various versions is certainly very well trained). When a level has been selected, the software shows only problems of difficulty lower or equal to that of the chosen level. The level can be changed at any moment. 
The software features a number of useful Tools, such as an advanced Calculator, a Plotting tool, a Balancer of chemical reactions and a Visualizer of simple molecular structures. It also includes some Simulations of idealized laboratory experiments and a few Games, devised in such a way to help fixing in mind the fundamental concepts of Chemistry while also verifying the reached learning level.. 

The following Figure shows what appears when the software is first executed (the content of the Facts of Chemistry panel changes each time).
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Apart from the Menu Bar, characteristic of most Windows softwares, six zones of interest can be rapidly located: a Contents Column and a Navigation Column (left), an Information Bar (lower left), an Icons Bar (lower right), a Problem Area (right) and a Selection Bar (immediately below the Problem Area).
Menu Bar
The Menu Bar contains the following menus: Index, Version, Level, Data, Tools, Simulations, Games, Options, and the usual ? giving information on the software version currently in use.  
Index: The Index menu shows in sequence the various software chapters with a mark on the current chapter. When the latter is changed, the software shows the first problem of the new chapter having a level compatible with the level currently in use. If a compatible problem does not exist, the lowest level of the new chapter is properly signaled.   
Version:  The Version menu allows to select the desired  software version. When first executed, the software is in the Text Version, and all problems coincide with those presented and solved in the cited book. Versions 1 to 5 can be simply selected by left clicking. The Other Versions heading allows to digit the number of other versions from 6 to 10000000. A given problem appears in different versions with different data and with correspondingly different results. However, exactly the same data and results are always shown for a given problem in a given version. When No Version is selected, the software generates problems with entirely random data; in this case, however,  the same data can not be retrieved later.
Level:  The Level menu allows to select the desired level among the five pre-selected options. When the level is changed and the current problem is not compatible with the new level, a signal shows the level of the current problem. 
Data: The Data menu allows to show in the problem area Tables containing data of interest, or to use controls to select the data to be shown. In order to clean the Problem Area from all tables, leaving only the current problem, left click on the red hot spot  in the upper right corner of such area.
        Tools: The Tools menu allows to use the various available Tools. These are described in details later.
  Simulations: The Simulations menu allows to execute simulated laboratory experiments. The simulated experiments available at the moment are described later.    
Games: The Games menu allows to select and execute one of the available games, briefly described at the end of this section.
      Options: The Options menu will allow in the future to select options related to the aspect and to the functions of the software. Presently active options allow to choose one of five color schemes for the window background (Background option) and how results are printed to file (Print to file option).
Contents Column
The Contents Column lists the main topics treated in each chapter. Its rows are active, in the sense that they are highlighted in red by the mouse arrow and that a left click on the highlighted row puts in the Problem Area the first problem related to the selected topic. When the latter is not compatible with the current level, a signal shows the level of the problem.
Navigation Column
The first three rows of the Navigation Column allow movements back and forth within the current chapter. In particular, a left click on the Previous problem or on the Next problem row shows the first problem immediately preceding or immediately following the current problem having a level compatible with the current level, respectively. In case such a problem does not exist, there are no changes (i.e., the row is apparently inactive). The Random problem row shows a random problem of compatible level taken from the current chapter. The fourth row, Modify data, regenerates the current problem with new random data, while the last row, Show results, opens a yellow panel with the solution of the current problem according to the current data. Except for the  Random problem row, the same actions are performed by left clicking the first four icons of the Icons Bar.
Beware: The Modify data command does not simply change chemical formulas or numeric data; in many cases, it also changes the problem from the logical viewpoint; it is important to check one’s ability to solve each problem utilizing several times this command.  

Information Bar
The Information Bar shows all the times the chapter title, the current topic, the level and the version in use.
Icons Bar
The  Icons Bar shows five icons, activated by a single left mouse click. The first four icons are equivalent to the first two and the last two rows of the Navigation Column (left to right: Previous problem, Next problem, Modify data, Show results). The rightmost icon, mimicking a floppy disk, activates the Print to file routine. When first clicked in a given session, the current problem and results are printed to a new preformatted .doc file created in the same directory containing the software file (if this is not possible for any reason, such as when the software is executed from a non writable medium, a message informs of the situation). The name of the new file is PCddhhmm.doc, where dd, hh e mm are the creation day, hour and minute, respectively. Any subsequent click within the same session appends to this file the problem at that moment on the screen. This allows to prepare problem lists of any length and complexity, ready to be printed using Word or any other software capable of reading .doc files, They can also be further modified according to the user’s preferences (for instance, merging several different files, deleting the results, putting the problems in the form of numbered lists etc.).  When Print results to a separate file has been chosen in the Options menu, the results are separately appended to a file named REddhhmm.doc.
Some problems, containing graphics or tables in the text or in the results, are not printable; activating the Print to file routine results in this case in a screen message.
Problem Area
The Problem Area is the screen section designed to visualize the current problem and, eventually, the solution, the tables etc. Problems are shown in a nearly standard format. The upper gray bar contains the problem number and the chapter number on the left (for instance, Problem 2.7 indicates problem n. 7 of chapter n. 2), and the problem level on the right ( 1 to 5 green dots). This is followed by the problem text. When the available space is sufficient, the Problem Area also contains a Facts of Chemistry panel with randomly selected chemical information, unrelated to the current problem. When the Problem Area is crowded with results, tables etc., it can be cleaned by left clicking the red hot spot  in the upper right corner.
Selection Bar
The Selection Bar allows to navigate rapidly among the problems of the given chapter. It shows the number of the current problem and the numbers of all other problems in the chapter, marking in red those of a level higher than the current level. Left clicking on a problem number makes that problem the current problem, unless it is inactive because of a level higher than the current level. The two buttons < and > allow to move to the last compatible problem of the preceding ten and to the first compatible problem of the following ten, respectively (if they exist; otherwise, the two buttons are apparently inactive). 
Tools
The Tools menu contains the tools Calculator, Plotting, Molar Mass, Balancer, Equilibrator and Visualizer. Since several Tools require input from the user, they activate one or more input boxes. When the input is complete, the Tool is executed by pressing Enter. Within a given session, the content of the input boxes is kept in memory (each  time an input box appears, it contains exactly the information present the last time it was closed).
The Tools have been repeatedly checked in situations of normal use, and various devices have been introduced to avoid malfunctions in case of erroneous input by the user. With a proper dose of malicious imagination, however, it is certainly possible to devise unexpected situations capable of causing errors or software exits.
Calculator
The Calculator is an advanced tool  accepting expressions containing: 
· numbers in various formats  (examples: 37; 5.01; 0.204 or .204; 3.21e-4 or .52E12)
· left and right parentheses (in equal number)

· operators (+,-,*,/,^; the symbol ^ is the power operator; i.e., 1.32e-2^(-4.1) corresponds to the number 1.32·10-2 to the power -4.1)
· functions (in particular, ln(), log(), exp(), sin(), cos() e tan())

· when useful, one or more times the letter x 
· the function mf[chemical formula] (mf = mass formula); the formula is written as usual, but the subscripts are written in line  (i.e., mf[Ca3(PO4)2])
· literal abbreviations for some constants: (nav = 6.022142E23 = Avogadro number, kbz = 1.380651E-23 = Boltzmann constant (in J/K), rsi = 8.31448 = ideal gas constant (in J/K(mol), ral = 0.082058 = ideal gas constant (in atm(L/K(mol), pi = 3.14159265)
Except for chemical formulas, uppercase and lowercase characters can be used without distinction. Spaces can be freely used to improve readability. 
When Enter is pressed, the x letters are substituted by the number from the lower left input  box, the mf[chemical formula] functions are substituted by the mass formula of the chemical species within the square brackets, the literal constants are substituted by the corresponding numerical values and the numeric value of the expression is evaluated. In the presence of particular situations (for instance, the logarithm or a non integer power of a negative number, numerical values greater than 10300 etc.), the output box shows the message Not allowed. The number of digits in the final result depends on the particular expression and is 16 at most. Only the digits shown are not influenced by rounding errors. These errors are normally negligible when the expression typed is scientifically meaningful. As with any other Calculator, it is a user duty to decide how many digits are truly significant for the problem under study.
The mf[chemical formula] function is useful in a great variety of chemical problems. For instance, the expression 15.7*mf[Na2]/mf[Na2SO4] is equal to 5.08 and corresponds to the grams of sodium contained in 15.7 g of sodium sulfate, while the expression 2.13*5*mf[C]/mf[Ca3(PO4)2] is equal to 0.412 and corresponds to the grams of carbon required to react with 2.13 g of Ca3(PO4)2 according to the chemical equation Ca3(PO4)2 + 3SiO2 + 5C = P2 + 3CaSiO3 + 5CO. 
The following are examples of valid expressions:

	
	
	Expression
	x value
	Result

	
	
	.77e44/1.465e-8
	any
	5.25597269624573E+51

	
	
	(x-1.2e-121*ln(x))^(-0.76)
	1.e-120
	1.082812437430E+90

	
	
	exp(-13500/(rsi*x))
	273.15
	.0026208527620165

	
	
	(71.48/mf[N2])*ral*298/x
	3
	20.79862661345

	
	
	13.7*nav/mf[Ba(OH)2]
	any
	4.81490197840677E+22


The Calculator is also capable of solving complex equations numerically. In fact, when the expression contains x and the lower left input box contains two values separated by the double symbol >< (for instance 0. >< 1.), the Calculator gives the first solution of the equation Expression = 0 found in the given range of x. For instance, if the expression is x^1.2+2.5*ln(x) and the lower left box contains 0 >< 1, the result is 0.7525, that is a solution of the equation x1.2+2.5*ln(x) = 0.
Some examples of solution of equations of the kind Expression = 0:

	
	
	Expression
	x box
	result

	
	
	x^5 - 3*x^3 + 2*x^2 - 1
	0 >< 2
	1.390551

	
	
	exp(x)^1.7 - sin(x)^3
	-5 >< 0
	-3.296631

	
	
	x*mf[Ba]/mf[BaCO3] - 3.5
	0 >< 10
	5.029307


The message Solution not found does not imply that there are no solutions in the given range; it simply indicates that the Calculator is unable to find a solution. In many cases, especially when the solution is very close to zero, it may be necessary to select a smaller range.

Plotting
The Plotting tool accepts in input one or two expressions analogous to those accepted by the Calculator and plots them with different colors (blue the first, red the second). The user can freely change the plotting range on both axes. 
Given the two functions and the plotting ranges, the x axis is divided in 50 intervals and the software calculates and plots for each function the 51 corresponding function values (including the extremes).  Since the extremes of the y axis are freely chosen by the user, it can happen that some of (or even all) the calculated value are outside the y range. The corresponding points are obviously not shown in the plots. Anyhow, the minimum and maximum values obtained for each function are shown below the x axis, in such a way that the user can properly change the plotting range on the y axis. The Plotting tool neglects points in which the functions are not defined: when a function is not defined in all points of the selected x range, the minimum and maximum values are substituted by ND ; ND. (not defined).    
The Plotting tool can be used to solve complex equations numerically. In fact, it allows to identify with excellent precision (by decreasing properly the plotting ranges on the two axes) the points in which the two plotted functions coincide. For instance, a plot of the functions x3-2x2 and ln(x) with x and y ranges [-1,1] shows that the two functions are approximately coincident in the point (0.6, -0.5). By progressively decreasing the two ranges, one can easily find that the value x0 for which the functions coincide, i.e. the solution of the equation x3-2x2 = ln(x), is contained in the range [0.602,0.603], and that the corresponding value y0 of y is contained in the range [-0.508,-0.506]. If useful, the x and y values can be further refined, giving x0 = 0.602288 and y0 = -0.507020.
Molar mass
The Molar mass tool is practically equivalent to the mf[chemical formula] Calculator function, and gives simply the molar mass of the input chemical formula. Note that the latter does not necessarily correspond to a real chemical substance (the  (OH)6(NO2)3 formula, for instance, is perfectly valid). The only limitation, scarcely relevant in practice, is that the parentheses can not be indented (a formula like Ca(CO(NO3)2) is invalid).  
Balancer
The Balancer tool can be used to balance chemical equations or half-equations that can be balanced by an unique set of coefficients (apart for a multiplicative factor). It is an essentially algebraic tool: as such, it is intrinsically unable to criticize the chemical significance of the equation or half-equation to be balanced.
The input equation may contain charged species, with the charge indicated between square brackets ending with the sign ([2-], not [-2]). All reagents and products (without coefficients) must be explicitly included, except H2O, H+ and OH-, automatically added when and where needed (if present in the starting equation, they are simply neglected). Spaces can be freely inserted in order to improve readability.
After examining the equation, the Balancer decides whether it is a full chemical equation or a half-equation; in the latter case, it adds electrons where required. Reactions in aqueous solution are automatically balanced in acidic environment, unless a basic environment is explicitly specified by terminating the expression with a b letter preceded by a space. Examples of valid expressions are:
	
	Al + CuSO4 = Al2(SO4)3 + Cu
	
	
	

	
	
	
	KMnO4+KNO2=MnO2+KNO3+KOH
	

	
	MnO4[-] = Mn[2+]
	
	
	

	
	
	
	CrO4[2-] = Cr(OH)3 b
	


The Balancer gives the message Unable to balance when the input expression does not conform to these simple rules or when it does not correspond to a chemical equation or half-equation that can be balanced algebraically.  The latter case includes some equations that are usually balanced in the frame of implicit hypotheses, being in reality linear combinations of different chemical equations. For instance, the reaction MnO4- + H2O2 = Mn2+ + O2 is normally balanced as 2MnO4- + 5H2O2 + 6H+ = 2Mn2+ + 5O2 + 8H2O; however, the equation 2MnO4- + 7H2O2 + 6H+ = 2Mn2+ + 6O2 + 10H2O is also perfectly balanced (the first has been balanced in the hypothesis that all oxygen appearing as a product was oxidized by permanganate, while in the second case part of it comes from the direct decomposition of H2O2 according to the reaction 2H2O2 = 2H2O + O2). In these rare cases the Balancer gives the message Unable to balance.
Equilibrator

The Equilibrator tool calculates the equilibrium composition from the starting composition for systems with a single chemical equilibrium (or for systems in which the equilibrium considered is practically independent of others possibly present). To this end, the user must provide the reaction coefficients (up to three reagents and three products), the starting concentrations (or partial pressures) and the value of the equilibrium constant. All data are automatically rounded to three significant digits. Species with coefficients equal to zero are considered as species unaffected by the equilibrium, i.e. as species with constant activity. This allows to handle equilibrium systems implying pure solids or liquids (for instance, the system  A(s) = nBB(aq) + nCC(aq) can be handled by placing two product coefficients equal to nB and nC while leaving equal to zero all the coefficients of the reagents). When the equilibrium constant is zero or the input data are inconsistent, the Equilibrator gives the message Unable to equilibrate. 
Visualizer
The Visualizer is a tool, relatively unsophisticated from the graphic point of view, that allows to visualize the coordination geometry around the central atoms and the overall shape of a few simple molecules. Once clicked on the right side lists the molecule to be visualized, it can be rotated in 3D by slowly moving within the visualization frame the mouse with the left button down. When useful, the spatial orientation of the lone electron pairs on the central atom is also shown. The Visualizer can be closed by left clicking Exit (lower right).
Simulations
Three Simulations are available at the moment, i.e. Gas laws, Equilibrium systems and Acid/base titrations. They are idealized laboratory experiments, useful for a more direct understanding of some fundamental concepts of Chemistry.  Simulations have been designed in such a way to be self-explicative, provided that the student is familiar with the topic and is capable of solving the corresponding problems. A few necessary artifices used in some cases, such as in the simulation of Equilibrium systems, will be noticed by expert eyes.
Games
The Games menu contains a few games that can be used both as learning and as self-evaluation tools. The current version of the software includes the three games Chem Poker, Chem Slot and Chem Buster. 
The Games have been checked with various systems and various Windows versions. Occasional graphic problems, sometimes freezing the software, have been observed with very slow processors and quite old graphic cards.
As evidenced by the software, Games ask questions on items referring to the current chapter and to all preceding chapters. For an overall self-evaluation, open the last chapter before starting a Game.

Chem Poker is a classic poker game. The statistics of the game is not altered, in the sense that the probability of each distribution is exactly coincident with that in a real game. However, when changing cards, a Joker may appear. In this case, one wins only by giving the correct answer to an usually simple True/False question.  

Chem Slot is a slot machine with the symbols of the first ten elements. Also here, the statistics is not altered. Winning combinations are those of the kind XX-, those with a noble gas in the first column and those with Carbon in any position. With a given frequency, the software asks True/False question that may allow in some case to double the winnings (but also to lose an equal number of credits, when the answer is wrong). 
Chem Buster is a classical game in which one has to hit and destroy a number of obstacles in successive screens of increasing difficulty. In most cases, to destroy an obstacle one has to answer to a True/False question. Immediately after a correct answer, the ball changes color and becomes inactive until hitting the small gray obstacles or the lower cursor. The latter can be moved horizontally by moving the mouse with the left button down. 
Future developments
Software updates, including improvements or new functionalities, will be made available at the website http://micvac.dichi.unina.it. The release date of each update is shown under the ? menu item.
Please, check periodically the availability of new updates.
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