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ABSTRACT

Calorimetry is the science of measuring the heat of chemical reactions or physical changes. Calorimetry involves the use of a calorimeter. Calorimetry is the measurement of heat and the determination of heat capacity. Heat is evolved in exothermic processes and absorbed in endothermic processes; such processes include chemical reactions, transitions between the states of matter and the mixing of two substances to form a solution. A number of different units are used in heat measurement, e.g., the calorie, the British thermal unit (Btu), and the joule. The apparatus used in heat measurement is called a calorimeter. The measurement given by the most common type of calorimeter depends upon the temperature change in a fixed quantity of water (or some other liquid whose heat capacity is known) when heat is transferred between the water and an exothermic or endothermic process. If the temperature change is not too large, then the heat transferred is equal to the heat capacity of the water times the mass of the water times the change in temperature. The accuracy of this method of heat measurement depends on the assumption that all the heat transferred in the process passes into or out of the water in which the temperature change is measured, no heat being lost to the environment and none being absorbed by the walls of the container. The amount of heat given off by the combustion of a fuel can be determined very accurately in the so-called bomb calorimeter, which consists of a combustion chamber (the "bomb") set in another chamber filled with water. Heat generated by combustion of the fuel is transmitted to the water, raising its temperature. The calorie content of food is tested this way. Calorimeters are also employed to measure the energies of elementary particles. (The Columbia Electronic Encyclopedia Copyright © 2003, Columbia University Press. Licensed from Columbia University Press).


Calorimetry is the measurement of the quantity of heat exchanged. For example, if the energy from an exothermic chemical reaction is absorbed in a container of water, the change in temperature of the water provides a measure of the amount of heat added. Calorimeters are used to determine the energy content of foods by burning the foods in an oxygen atmosphere and measuring the energy yield in terms of the increase in temperature of the calorimeter. Calorimeters can also be used to measure the specific heat of a substance. 

In high school and college, experiment concerning heat use a simple solution calorimeter constructed of nested Styrofoam cups, a cardboard lid and a thermometer. Styrofoam is a good insulator, but it is not perfect; some heat will be absorbed by the cups and some will be released to the surroundings. In our experiment, most of the heat produced by the above neutralization reaction will go into heating the solution in the cup, but some may be absorbed by the cup, lid, and thermometer, and some may be lost to the surroundings.

CHAPTER 1

INTRODUCTION

Background of the Study

As years pass by, modern technologies were evolving that giving life a pleasing and comfortable way of life. Such examples are televisions, cars, washing machines, cellular phones, computers, etc. In homes, modern technologies minimize the work spent on doing regular household chores. In laboratories, one of the major problems students had encountered is the accurate measuring of the needed result for the experiment they are conducting. Many laboratory instruments were discovered to make the laboratory experiments easy to conduct.  
In able to contribute to this changing world, the team had designed an instrument, which will be used in the laboratories especially for laboratories used by chemical students. This instrument is what we call as the digital calorimeter. 
Calorimetry, derived from the Latin calor meaning heat, and the Greek metry meaning to measure, is the science of measuring the amount of heat. All calorimetric techniques are therefore based on the measurement of heat that may be generated (exothermic process), consumed (endothermic process) or simply dissipated by a sample. There are numerous methods to measure such heat, and since calorimetry's advent in the late 18th century, a large number of techniques have been developed. Initially techniques were based on simple thermometric (temperature measurement) methods, but more recently, advances in electronics and control have added a new dimension to calorimetry, enabling users to collect data and maintain samples under conditions that were previously not possible. (http://hyperphysics.phy-astr.gsu.edu/hbase/thermo/calor. html).

Any process that results in heat being generated and exchanged with the environment is a candidate for a calorimetric study. Hence it is not surprising to discover that calorimetry has a very broad range of applicability, with examples ranging from drug design in the pharmaceutical industry, to quality control of process streams in the chemical industry, and the study of metabolic rates in biological (people included) systems.

A calorimeter is a device used to measure heat of reaction. It can be sophisticated and expensive or simple and cheap. In chemical laboratories, a styrofoam cup is used as a calorimeter, because it is a container with good insulated walls to prevent heat exchange with the environment. In order to measure heats of reactions, we often enclose reactants in a calorimeter, initiate the reaction, and measure the temperature difference before and after the reaction. The temperature difference enables us to evaluate the heat released in the reaction. (Hemminger, Wolfgang and Hohne G.,1984).   

In high schools and colleges, experiments concerning heat use improvised calorimeters. This instrument is constructed using a polystyrene cup (locally known as Styrofoam cup) or any thermally insulated cup, a glass thermometer, and a glass stirrer. Ideally this set-up would have no errors. However certain conditions like the air gap through the holes made for the thermometer and glass stirrer release or let in heat to the outside environment, which could affect the result of the experiment and the fact that a student must have a skill to faultlessly read the glass thermometer.

For this reason this team came up with a solution to eliminate these conditions. The alternative set-up will be completely sealed so that heat would not escape to or be absorbed from the environment. Reading the thermometer won’t be a problem too. Instead of glass thermometer we will use a thermal transducer connected to a system to translate digital data to a readable form. This system could be a standard personal computer or a microprocessor with five seven-segment displays.

This study will be limited only to the construction and testing of the system. The target application is the use of calorimeters in chemistry/physics laboratories in high schools and colleges.

Statement of the Study

Calorimeter is the instrument used to measure the amount of heat; one widely used type consists of an insulated container of water, a stirring device, and a thermometer. A heat source is placed in the calorimeter, the water is stirred until equilibrium is reached, and the rise of temperature is noted by reading the thermometer. Because the heat capacity of the calorimeter is known (or can be measured by using a standard heat source) the amount of heat liberated can be readily calculated. When the heat source is a hot object of known temperature, the specific and latent heat may be measured as the object cools. One method of determining the energy exchange between the reaction system and its environment is to conduct a calorimetric analysis. A calorimeter is a thermally insulated container where a reaction system can be performed and the energy exchange between the system and its environment can be measured. The calorimeter and its contents are considered the environment. The reaction system is a chemical or physical process that occurs within the confines of the calorimeter.

Objectives of the Study

General Objective

· To design, develop and construct a prototype a single source emergency lighting system.
Specific Objectives

· The group aim to develop a digital calorimeter that is more exact and precise in determining the change of temperature in a certain substance.

· The group aim to improve the facilities in chemical laboratories, which still use analog calorimeter in the experiment.

· The group must be able to collect all the necessary data needed in the project in order to come up with good results.

· To interpret observations with a concept of the design by drawing the block diagram of a system.

· To accomplish all necessary data in paper works.

· Testing and evaluation of a design.

· Act of modifying if necessary.

· Final test and evaluation.
Significance of the Project


This project would be significant to the companies, to the schools, to the teachers, to the students, to the parents and to the future researchers.


This will be significant to the companies having laboratories, especially those that are working for medicines and other chemicals. This will make their work much easier than before.

This digital calorimeter will be a great help to the schools having laboratories especially to Central Philippine University, our school, which has laboratories used by the chemical department. This will be a way of making the school popular for having advanced and hi tech equipments. Through this, many parents will be very willing to let their children study in this school. 

To the teachers, especially the chemical teachers, so they will also be updated of the hi-tech equipments used in laboratories such as this.

To the students so they will be able to conduct their 

experiments in an easy way. It will be easy for them to measure the accurate amount of temperature and energy they are measuring.

For the parents so that they will be informed about the advancement of our technology right now. And they will have confident that their children are in a high-tech school.

For the future researchers to serve as a springboard and guide for them and for future reference.

Scope and Limitation of the Project


Due to time constraint, study is only intended to include the design and evaluation of the system as well as modification for slight adjustment of the system parameters. Major modifications of the design are beyond the scope of the study and will only be mentioned under the recommendations of this study.


The design of the project will be concentrated on the calorimeter’s body and its integration with the sensor circuit. The prototype’s circuit will be based on the standard design provided by the manufacturers of the IC’s.

CHAPTER 2

REVIEW OF RELATED LITERATURE

Calorimetry 


Calorimetry is the art of compromising between conflicting requirements; the principal requirements are usually formulated in terms of resolution in energy, spatial coordinates, and time, in triggering capabilities, in radiation hardness of the materials used, and in electronics parameters like dynamic range, and signal extraction (for high-frequency colliders). In nearly all cases, cost is the most critical limiting parameter. Depending on the physics goals, the energy range that has to be considered, the accelerator characteristics, etc., some goals will be favoured over others. The span of possible solutions for calorimeters is much wider than for tracking devices, and quite ingenious solutions have been found by imaginative experimental teams over the last 15 years, since calorimeters became key components of particle detectors.(http://rd11.web.cern.ch/RD11/rkb/PH14pp/node19. html).

There are two types of calorimetry: measurements based on constant pressure and measurement based on constant volume. The former involves pressure-volume work, whereas the latter does no pressure-volume work.

In calorimetry it is often desirable to know the heat capacity of the calorimeter itself rather than the heat capacity of the entire calorimeter system (calorimeter and water). The heat (q) released by a reaction or process is absorbed by the calorimeter and any substances in the calorimeter. If the only other substance in the calorimeter is water, the following energy balance exists: 

q = qcal + qw

where qcal is the heat flow for the calorimeter and qw is the heat flow for the water.

Both of these individual heat flows can be related to the heat capacity and temperature change for the substance.

qcal = Ccal ΔT

qw = Cw ΔT

where Ccal is the heat capacity of the calorimeter and Cw is the heat capacity of the water. Because the water and calorimeter are in thermal equilibrium, they both have the same temperature and thus ΔT is the same for both. The consequence is that the heat capacity of the entire system (C) is the sum of the heat capacities for the individual components.

C = Ccal + Cw

The heat capacity is an extensive property; that is, the heat capacity depends upon the amount of substance present. The calorimeter exists as a fixed unit, thus its heat capacity is a fixed value. The amount of water in the calorimeter, however, can vary, and thus the heat capacity of the water can vary. When dealing with variable amounts of material, one often prefers to use an intensive measure of the heat capacity. One common intensive version of the heat capacity is the specific heat capacity (s), which is the heat capacity of one gram of a substance.

	s = 
	Cw
[image: image1.png]



mw


Because the mass of water (mw) and the specific heat capacity of water are both known, one can readily calculate the heat capacity of the water. The specific heat capacity of water (sw) is

sw = 4.184 J oC-1 g-1 

Overall one can write

C = Ccal + sw mw 

Calorimetry is the art of compromising between conflicting requirements; the principal requirements are usually formulated in terms of resolution in energy, spatial coordinates, and time, in triggering capabilities, in radiation hardness of the materials used, and in electronics parameters like dynamic range, and signal extraction (for high-frequency colliders). In nearly all cases, cost is the most critical limiting parameter. Depending on the physics goals, the energy range that has to be considered, the accelerator characteristics, etc., some goals will be favoured over others. The span of possible solutions for calorimeters is much wider than for tracking devices, and quite ingenious solutions have been found by imaginative experimental teams over the last 15 years, since calorimeters became key components of particle detectors. 

A composite detector using total absorption of particles to measure the energy and position of incident particles or jets. In the process of absorption showers are generated by cascades of interactions, hence the occasionally used name shower counter for a calorimeter. In the course of showering, eventually, most of the incident particle energy will be converted into ``heat'', which explains the name calorimeter (calor = Latin for heat) for this kind of detector; of course, no temperature is measured in practical detectors, but characteristic interactions with matter (e.g. atomic excitation, ionization) are used to generate a detectable effect, via particle charges. 

Calorimetry is also the only practicable way to measure neutral particles among the secondaries produced in a high-energy collision. 

Calorimeter

A calorimeter consists essentially of an insulated container filled with water in which is immersed the reaction chamber. The heat generated in an exothermic reaction is transferred to the water and the consequent rise in water temperature is read from an accurate thermometer immersed in it. The amount of heat evolved in the reaction may be calculated knowing the quantity of water present, the change in temperature and the specific heat. For radiation, rate of cooling of the calorimeter, temperature rise of the vessel, stirrer, etc; special corrections must be applied. Determining the heat capacity of the calorimeter by burning a definite amount of substance whose heat of combustion has been accurately measured is necessary to avoid the latter corrections. Reproducing by electrical heating the temperature change produced in the calorimeter by the process being studied is an alternative means of avoiding these corrections. The amount of electrical energy required to do this is equal to the heat evolved in the process.

Calorimeters are usually composed of different parts, custom-built for optimal performance on different incident particles. Each calorimeter is made of multiple individual cells, over whose volume the absorbed energy is integrated; cells are aligned to form towers typically along the direction of the incident particle. The analysis of cells and towers allows one to measure lateral and longitudinal shower profiles, hence their arrangement is optimized for this purpose, and usually changes orientation in different angular regions. 

Calorimeters can also provide signatures for particles that are not absorbed: muons and neutrinos. Muons do not shower in matter, but their charge leaves an ionization signal, which can be identified in a calorimeter if the particle is sufficiently isolated (and the dynamic range of electronics permits), and then can be associated to a track detected in tracking devices inside the calorimeter, or/and in specific muon chambers (after passing the calorimeter). Neutrinos, on the other hand, leave no signal in a calorimeter, but their existence can sometimes be inferred from energy conservation: in a hermetically closed calorimeter, at least a single sufficiently energetic neutrino, or an unbalanced group of neutrinos, can be ``observed'' by forming a vector sum of all measured momenta, taking the observed energy in each calorimeter cell along the direction from the interaction point to the cell. The precision of such measurements, usually limited to the transverse direction, requires minimal leakage of energy in all directions, hence a major challenge for designing a practical calorimeter. (http://rd11.web.cern.ch /RD11/rkb/PH14pp/node19.html).

Development of Calorimeter

 The earliest calorimetric measurements were made by Joseph Black about 1760 in his efforts to understand the nature of heat. Pierre Simon de Laplace and Antoine Lavoisier developed the first apparatus formally called a calorimeter about 1780. They used the amount of ice melted as a measure of the amount of heat given off by other processes, simply measuring the amount of water produced in the melting. Such “ice calorimeters” in refined form are still in use today.


In a modern version, the reaction vessel is in thermal contact with large heat reservoir, such as a block of metal, through a layer of thermoelectric semiconductor material. The temperature across the layer is given accurately by the potential difference and integration over the time of the experiment gives the total heat flow and hence the heat generated by the reaction. At no time, however, is there more than a very small temperature difference between the reaction vessel and the heat reservoir.


Quantities of heat may be measured indirectly by observation of the effect of the heat on various substances. The best known of these effects are (1) rise in temperature of a mass of known heat capacity; (2) change of state of a substance of known latent heat; and (3) transformations of energy. (Encarta® Encyclopedia 2003. © 1993-2002).

Formulas and Equations


Constant volume and constant pressure are the two general conditions under which thermochemical measurements are made. In the constant volume condition, the volume of the system whose thermal change is sought is kept constant during the whole3 course of the measurement. In constant pressure experiments, however, the system is kept either open to the atmosphere or is confined within a constant external pressure vessel.  The volume change that accompanies the transformation or reaction can take place under these conditions and the system is able to adjust itself to the constant pressure outside itself.


The magnitude of the thermal changes varies under the two different conditions. Difference in the sum of the internal energies of the products and the sum of the internal energies of the reactants are the main causes of the thermal changes at constant volume. However, at constant pressure, both the change in the internal energy and the work take place. 


Applying the first law of thermodynamics which states that energy is neither created nor destroyed but is only transformed from one form to another and that the energy in the entire universe is constant to the thermal change occurring within the calorimeter gives the exact significance of both types of measurements. From the first law, an increase in the heat applied to the system will cause an increase in the internal energy of the system and the performance of external work. In equation,

q = ΔE + w = ΔE + ∫ p dV



(1)

At constant volume, dV=0 or no work can be performed. Therefore,

(q)v = ΔE




          (2)

At constant pressure, and the system outside is the same outside, then p=P, so, 

w = ∫ P dV = P (V2 ​​​– V1) = P ΔV


(3)

Consequently, 

(q)p = ΔE + P ΔV




(4)

According to equation (4), at constant pressure, the thermal change observed in the calorimeter involves changes in the internal energy and the work, which may be due to expansion or contraction of the system. Equation (4) may be expressed as:

(q)p = (Ep – Er) + P (Vp ​​​– Vr)


(5)

     = (Ep + P Vp) - (Er+ P Vr)

where the subscripts p and r refer to the product and the reactants respectively. Since the enthalpy or heat content, H, is defined by H = E + PV, equation (5) becomes,

(q)p = Hp ​​​– Hr = ΔH




(6)

Therefore, we could say that the thermal effect at constant volume measures the change in internal energy and at constant pressure the change in enthalpy of the products and the reactants. Equation (2) defines the heat of reaction at constant volume and equation (5) defines the heat of reaction at constant pressure. The relation between the two is given by,

ΔH =ΔE + P ΔV




(7)

where, a positive value of ΔH or ΔE signifies the absorption of heat while a negative value of ΔH or ΔV shows the evolution of heat during the process. (Encarta® Encyclopedia 2003. © 1993-2002).

Methods of Measurements / Equipments

A. Requirements for Precise Calorimetry

Modern calorimeters are capable of great precision. A properly designed “adiabatic calorimeter (i.e., one carefully insulated against external heat gain or loss) for heat capacity measurements has a precision of about 0.01 percent.  Well-designed bomb calorimeters for heats of combustion are even more sensitive. Attainment of this state of precision requires the following things. First of these is the careful and accurate measurement of the temperature. In most cases, they are measured electrically either with a thermocouple or with a resistance thermometer that is carefully prepared from a piece of very pure wire whose electrical resistance depends upon the temperature. Temperatures are measured to a ten thousandth of a degree and even sometimes with even greater sensitivity in high-tech thermometers. Secondly, the calorimeter must be very carefully protected from against heat flow from or to the surroundings and this is usually done by maintaining a good vacuum around the inner part of the calorimeter. Finally, in periods when the calorimeter is heated; the voltage, current and time must be measured to an extreme degree of accuracy. (Encarta® Encyclopedia 2003. © 1993-2002).

B. Types of Calorimeter 

Calorimeters may be classified into three: isothermal, non-isothermal and microcalorimeters.

  Isothermal Calorimeter

Bunsen invented the isothermal calorimeter in 1870. The quantity of heat in the isothermal calorimeter is measured by the amount of isothermal phase change it produces in the calorimeter material. An accurate knowledge of the heat of the particular phase change employed is necessary. In the past few years, this apparatus has been brought to a state of perfection and though in a limited temperature range, it is capable of the greatest precision. 

This apparatus has been used in the determination of heat capacities, average heat capacities are obtained wherein the change in temperature is fairly large. However, proper mathematical treatment of the very precise data leads to good values for the heat capacities that is for the quantities ΔH / ΔT as ΔT→0. A knowledge of the heat capacities of the substances being studied, both above and below the transition temperature is necessary for the determination of the latent heats of any phase change. This apparatus is not particularly suitable for the measurement of latent heat but very precise and accurate in studying the heats of reaction. It is limited to the single temperature of the equilibrium phase change of “standard” substance used, which may not always but is usually, water. (http://rd11.web.cern.ch/RD11/rkb/PH14 pp/node19.html).
  Nonisothermal Calorimeter

Heat quantities in a nonisothermal calorimeter are measured by the temperature changes they produce in a thermometer. 

The constant-temperature environmental calorimeter is a type of non-isothermal calorimeter that is completely enclosed by a constant-temperature shield or bath. The heat exchange between the calorimeter and the surroundings has to be known throughout the measurement and the precision of its determination limits the accuracy of the measurements. Nernst first used this calorimeter to measure the heat capacities and the latent heats at low temperature and with much greater accuracy by Giaugue. The calorimeter fluid was studied in such measurements. It has also been used in the determination of gaseous heat capacities by a number of investigators, the most recent are Scott and Waddington who succeeded in obtaining very accurate results. This calorimeter is of great importance in the determination of the heats of reaction and heats of combustion in particular.

The adiabatic calorimeter has the simplest principle of all. At maintained and the same temperature, the calorimeter and its surroundings will not exchange heat. The general method followed in the operation consists of the manual or automatic control of the shields, whose temperature differences from the calorimeter are indicated by difference thermocouples. It is absolutely essential to bring all external connections to the calorimeter to the temperature of the bath to eliminate the effect of changing the surrounding’s temperature. Richards first used this method for heats of reaction. Southhard and Brickwedde used this for low-temperature heat capacities of solids and it has been extended by several investigators to liquids and gases.  Westrum designed and used an adiabatic thermometer to measure neptunium dioxide’s heat capacities between 2 and 320oK. The adiabatic calorimeter has also been used by Beebe and others to measure the heats of absorption on metallic and nonmetallic surfaces of gases. Mitacek and Aston also used this to study various concentrations of hydrogen absorbed in palladium.(http://www.sunderland. ac.uk/~hs0bcl/gg/calorimeter.htm).
  Microcalorimeter

Microcalorimeters measure heat capacities of small amounts of substance or the heat liberated by the mixing of one or two drops of reactants. Benzinger, who is from the naval Medical Research Institute, has developed a temperature-sensing thermophile consisting of 10,000 thermoelectric junctions from a coiled coil of constantan wire. This design measures heat input of possibly 3mcal and these studies have been applied to biological systems such as enzymic reactions and protein-protein interactions.

The melting point calorimeter made up of thirty horizontal copper vanes located inside it is made by Aston and has been developed in view of the usefulness of calorimetric measurements in the determination of the purity of materials and the need for a calorimeter in which such determination could be carried out in a routine manner using relatively small amount of materials. The method of determining the purity of the sample depends upon the measurement of the liquid-solid equilibrium temperature at a known liquid-solid ratio. These ratios can be evaluated from the heat of fusion, total heat input, and heat capacity of the system. The liquid sample is frozen solid at a temperature well below its freezing point and outgassed to remove air from the system. In this way, equilibrium temperatures measured are true triple-point temperatures. (http://www.sunderland.ac.uk/~hs 0bcl/gg/calorimeter.htm).
  Electromagnetic Calorimeter

Typically, incident electromagnetic particles, viz. electrons and gammas, are fully absorbed in the electromagnetic calorimeter , which is made of the first (for the particles) layers of a composite calorimeter; its construction takes advantage of the comparatively short and concentrated electromagnetic shower shape to measure energy and position with optimal precision for these particles (which include [image: image2.png]


's, decaying electromagnetically). Electromagnetic showers have a shape that fluctuates within comparatively narrow limits; its overall size scales with the radiation length. 

  Hadronic Calorimeter

Incident hadrons, on the other hand, may start their showering in the electromagnetic calorimeter, but will nearly always be absorbed fully only in later layers, i.e. in the hadronic calorimeter , built precisely for their containment. Hadronic showers have a widely fluctuating shape; their average extent does not scale with the calorimeter's interaction length, but is partly determined by the radiation length. 

Discrimination, often at the trigger level, between electromagnetic and hadronic showers is a major criterion for a calorimeter; it is, therefore, important to contain electromagnetic showers over a short distance, without initiating too many hadronic showers. The critical quantity to maximize is the ratio [image: image3.png]


, which is approximately proportional to Z1.3; hence the use of high-Z materials like lead, tungsten, or uranium for electromagnetic calorimeters.

Calorimeters for the Measurements of Heats of Reaction and Combustion

The French scientists, Antoine Lavoisier and Pierre Laplace improved Black’s calorimeter and this was the more commonly called ice calorimeter. Their instruments consisted of three distinct concentric chambers. The object to be tested was placed in the inner chamber and the ice in the form of broken lumps, in the intermediate chamber, surrounding the first test object. In the outer chamber, broken ice was also introduced to prevent conduction of heat into the apparatus from the outside. The quantity of ice melted was determined by observing the amount of water formed in the mi9ddle chamber, this being drawn off by a tube and tap. The ice calorimeter of Robert W. E. Bunsen was a greater advance. This apparatus had an inner chamber for the test material and an outer enveloping one, which was entirely filled with a mixture of ice and water, and from which a graduated capillary tube led away. The whole instrument was surrounded by broken ice as in the Lavoisier-Laplace form.

Another unit of heat that suggests itself quite naturally is the quantity of heat given out by a pound of steam when it condenses into a pound of water at the same temperature. Bunsen also used a calorimeter based upon this idea, but the steam calorimeter was brought to its present excellent form largely through the efforts of the Irish physicist John Joly. In his type of instrument the object to be studied is suspended from one arm of a delicate balance. After being accurately counterpoised, the object is bathed in an atmosphere of steam, with the result that it absorbs a certain amount of heat as its temperature rises to that of steam. But the heat thus absorbed by the body under examination can be obtained only from the steam itself, and since saturated steam cannot part with heat in this way without condensing, it follows that a weight of condensed moisture that corresponds precisely to the quantity of heat that has been absorbed is deposited upon the body. The amount of this moisture is determined by careful weighing and it is evident that the quantity of heat absorbed by the experimental body in p[assign from its original temperature to the temperature of the steam is then immediately known, if we take as the unit of heat, the quantity of heat that is given out by a pound of steam in condensing into a pound of water at the same temperature. 

A bomb calorimeter containing excess oxygen under pressure usually of the order of 30 atm is used to study the heat effect of combustion. This reaction is particularly suitable for calorimetric measurements because of its rapidity and completeness. Berthelot first developed the apparatus for the study of this reaction. Its essential parts include a calorimeter with a stirrer, a jacket surrounding the calorimeter, and a bomb whose inner surface can withstand the severe oxidizing conditions in the bomb whose linings may be gold, platinum or enamel. In most modern work, particularly in the United States, the bomb’s body is made entirely of Illium, a nonferrous alloy developed by S.W. Parr and is comparatively inert to the acids formed as a result of combustion. An insulated electrode is sealed into the bomb for the ignition of the material and the bomb itself acts as the other electrode. The charge is ignited by passing electric current through a fused wire connected so that its central portion is in contact with or close to the charge. Appropriate correction must be made for the energy added to the calorimeter in the ignition process. An accuracy of several tenths of a percent is adequate for most thermal values and several hundredths of a percent is required in the determination of the heats of combustion used in the evaluation of the heats of formation.

CHAPTER 3

METHODOLOGY

Design Plan Preparation and Process Flow

Methods and Procedure


Simple procedures will be employed to make the prototype user friendly and flexible to different applications needed by the students. Basically after connecting the device to the power supply the microprocessor will automatically start to initialize. After initialization the device will be ready to give a reading. A push button will be provided to take a reading. Releasing it will freeze that reading. Pushing it again will give the second reading. Another push button will switch from current reading to the previous reading and vice-versa. This feature will be added as an additional support since sometimes the user forgets to record the result. If this happens, the user either has to try to remember and guess the result or start all over again. To avoid this, the previous and current reading will be stored in the memory, later to be retrieved if needed.

Circuit Description/Operation
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The circuit operation starts with sensing the temperature inside the calorimeter cup. A thermal transducer will be used to sense the temperature. The transducer converts this thermal energy to an analog voltage. An analog to digital converter is then needed to encode this data to a digital form so that it would be usable to the microprocessor. A thermal transducer connected to a system to translate digital data to a readable form. This system could be a standard personal computer.




Figure 1. Block Diagram of Digital Calorimeter

Testing and Evaluation


As the schedule of work shows how the group is going to acquire valid data and knowledge on how to construct a fully functional and low cost digital calorimeter. The preceding data acquired with its inclusive date will be studied and discuss during open forum of the group. Each member will have its following copy on the topic that will be research and discuss. Must be studied before the open forum would take place, so that each member would have an idea on what topic will be all about. Exchange of ideas will be anticipated until a valid discussion will be agreed upon. The ending of each open forum will be the consultation of what the group had decided during each open forum, to either the adviser or coordinator. The purpose of consultation is for the group to know if their discussion is correct or approved. If the adviser will let to use the components chosen by the group, it will be noted and dated as valid resources for the project study. It will be keeps and collected until all data needed are complete.


After all data are presented and validated for use. Testing will take place. A simple prototype will be appropriate to study the reaction and interactions of the system. After each test completed, results will be tabulated compared to its computation and figure out their differences. Equation will be subject to research and consultation. Actual test will not only be viewed by the group but also with the adviser and coordinator. Feedback from the adviser and coordinator must be prioritized. Suggestions are really needed. The group is open to changes within the test to avoid repeat construction without positive results. All possible approach hangs for realistic solutions.

Project Management


Source of Funds



The financing of the project will be taken from the development fee of the College of Engineering, Central Philippine University.


Program Implementation



The project will be implemented as soon as it is approved by the Administration and upon the release of the budget. As of now, the project is just a simple prototype and performance testing, and its implementation is not yet certain.


Scheduling of the Project



The scheduling of the project are determination and proposal of the project, planning and organizing of the project, surveying and acquisition of necessary data and information, drawing of schematic and diagrams, canvassing of prices of the materials and equipments to be used, and documentation and write-ups.

Design Criteria and Design Basis

The measurement of heat when a definite amount of material undergoes a definite physical or chemical change, more specifically, the determination of the quantity of heat given off or absorbed is called calorimetry. The determination of the amount of heat necessary to raise the temperature of a given amount of material by one degree or more commonly called the heat capacity is one of the ways with which calorimetry is used. Other uses include the determination of the heats of fusion and vaporization (respectively the heat required to melt or boil a specified amount of material), and the determination of the heats of reaction. 


The calorimeter is a laboratory instrument for measuring the emission or absorption of heat in a chemical or physical process and may either be a constant-pressure or a constant-volume type. Calorimeters have been designed in great variety; one in widespread use consists typically of an enclosure in which the reaction takes place, surrounded by a liquid, such as water that absorbs the heat of the reaction and thus increases in temperature. Knowledge of the heat and weight characteristics of the container and liquid as well as the measurement of the temperature rise permits the calculation of the total amount of heat generated.
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Figure  2. Circuit Operation of Digital calorimeter Beta 1   

PC interface:


Parallel Port (LPT1)

System Resolution:

8 bits

Calorimeter Cup Mass:  5.888g


Mass of calorimeter + water = 105.882 g

Mass of water = (mass of calorimeter + water)–(mass of    

                    Calorimeter cup)




= 105.882g – 5.888g




=99.994g
Calorimeter Cup Capacity:
250 ml

Table 1

     Specification of the Project 

	
	Minimum
	Maximum

	Power Supply
	9V DC
	12VDC

	Temperature Offset
	-59ºC
	169ºC

	Temperature Half Range
	0ºC
	75ºC

	Actual Temperature Range
	-40ºC
	100ºC


Fabrication, Constructions and Installation

How to use DigiCal beta 1

Setting up the system

1. Attach the calorimeter cup to the system.

2. Connect the parallel cable to the PC.

3. Power up the system by plugging the adaptor.

Calibrating the system and program

1. Run the program in freerunning mode by selecting it from the menu.
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This window will appear on screen after selecting freerunning mode.
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2. Adjust the half range to the desired setting.

Connect a voltmeter across the ground and half range nodes.

In the system turn the knob until it reaches your desired setting. Remember that 10 mV is equivalent to 1 Kelvin. Click the “Settings” from the menu. The following window will appear.
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Input the half range value and save the settings.

3. Return to the DigiCal window and click “Start” to begin reading temperature.

Make sure there is a reading. If the program displays “Above Range” or “Below Range”, by turning the offset knob, adjust the offset slowly until a number reading appears on the screen.

4. Set the temperature offset.

Connect a voltmeter across the ground and offset nodes. Remember that 10 mV is equivalent to 1 Kelvin. Switch to the settings window. Input the temperature offset value and save the settings. 

5. The system is now ready.

Using DigiCal in normal mode

This mode is usual used in most experiments that require difference in temperature or ∆Q.

1. After the system is properly calibrated. Perform the steps needed for your desired experiment like weighing the calorimeter cup, weighing the elements to be used, adding the water, etc. Note that the calorimeter cup could be disconnected from the 

system for ease of use with the weighing apparatus.

2. Start the program in normal mode.
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3. When you are ready to take the first reading, click “Read”. The reading will be displayed on the screen. If the reading displays “Above Range” or “Below Range” recalibrate the system using the steps discussed before. After calibrating click read again.

4. Perform the steps in the your experiment after the first reading like adding reactants, adding elements, mixing the solution, etc.

5. When you are ready to take the second reading, click “Read”. The reading will be displayed on the screen. If the reading displays “Above Range” or “Below Range” recalibrate the system using the steps discussed before. The first reading will not be affected by this process. It will remain the same after switching back normal mode. After calibrating click read again. The temperature difference would automatically be calculated.

6. Click “Reset All” to do another experiment.

Using DigiCal in freerunning mode


This mode is usually used to read temperature in second after second interval.

1. After the system is properly calibrated. Switch to freerunning mode by selecting it in the menu.
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2. Click “Start” to begin reading the temperature. The system will refresh every second.

3. Click “Stop” to discontinue reading the temperature.

Debugging


Debug window is used to check if there is something wrong with the system.


1. Set the half range to a low value and run the program in freerunning mode. Click “Start”.

2. Move the offset to its minimum setting Data on the debug window is expected to be FFhex.

3. Move the offset to its maximum setting. Data on the debug window is expected to be 00hex.

4. If this is not the case one or more of the data pins are disconnected. To determine which pin is disconnected move the offset in various location. Record the hex value of the data. Convert them to binary equivalent and note which bits are always 1. These bits are likely to be disconnected.

CHAPTER 4

DISCUSSION

The first part of the laboratory procedure is done to accounts for the heat absorbed or lost – determination of the calorimeter constant, which is the heat capacity in J/oC of the calorimeter. Measuring the energy produced or consumed by a reaction can be as important as analyzing the reactants and products.  

Then we use the same calorimeter setup to find out the heat of the neutralization reaction between hydrochloric acid and sodium hydroxide solutions. For the calorimeter constant determination, we mix roughly equal amounts of warm and cold water in the calorimeter. According to the law of conservation of energy, the heat lost by the warmer water is accounted for by the heat absorbed by the cooler water and the calorimeter. 

Calorimeters are usually composed of different parts, custom-built for optimal performance on different incident particles. Each calorimeter is made of multiple individual cells, over whose volume the absorbed energy is integrated; cells are aligned to form towers typically along the direction of the incident particle.
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Figure 3. The components of an improvised Calorimeter --- nested cups, thermometer and lid

The analysis of cells and towers allows one to measure lateral and longitudinal shower profiles, hence their arrangement is optimized for this purpose, and usually changes orientation in different angular regions. Typically, incident electromagnetic particles, viz. electrons and gammas, are fully absorbed in the electromagnetic calorimeter , which is made of the first (for the particles) layers of a composite calorimeter; its construction takes advantage of the comparatively short and concentrated electromagnetic shower shape to measure energy and position with optimal precision for these particles. Electromagnetic showers have a shape that fluctuates within comparatively narrow limits; its overall size scales with the radiation length.
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Figure 4. Set-up of improvised calorimeter

Although time is a set of data that we took in our lab procedures, it is not a factor in the equations we used for our calculations mention in the introduction section.  This is because we assumed heat was instantly exchanged at the time of mixing.  Thus, the "[image: image12.png]


T"s we use in our calculations are the "[image: image13.png]


T"s at mixing time.  Notice that no reasonable temperature readings can be taken at the time of mixing, therefore we need to use the smooth trends in our data over time to estimate the temperatures at mixing by extrapolation.  Below are example diagrams of the graphs you need to draw to get the correct initial and final temperatures for the [image: image14.png]


T calculations.
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Figure 5. Typical Calorimeter Constant Determination Temperature Profile 

The calorimeter is the basic instrument in thermochemistry and thermodynamics. In chemical engineering, calorimetric measurements are made to determine heat capacities of materials, fuel values of compounds, and heat changes due to physical changes. In chemistry, the emphasis is more in the use of thermochemical measurements to calculate the thermodynamic quantities needed for studies of structure, equilibrium constants, and entropy, enthalpy, and free energy changes of formation, reaction, bonding and so on. Bioenergetics is especially dependent on accurate thermochemical measurements.


Calorimetry is used in the determination of the heat of combustion (the heat given off in burning a given weight of substance) are important in the choice of fuels. For ordinary household use, the amount of heat available per pound of material may rank with the price in influencing the choice of a heating fuel. In the design of rockets, the heat of combustion of the materials used is quite critical in determining the thrust available from them. 

Many industrial processes are carried out far above or below ordinary temperatures. The amount of heat involved in heating or cooling the materials used in these processes may determine whether or not they can be used economically, and the choice of materials used to build the apparatus may be made based on their heat capacities.

In the wine industry, the important reaction is fermentation, in which sugar is converted into alcohol and CO2 by wine yeasts. The reaction evolves heat. In the large vats used in modern wineries, this heat cannot be dissipated to the atmosphere fast enough to prevent a substantial temperature rise in the vat. This temperature rise has a deleterious effect on the yeast; and if it gets high enough, it will halt the fermentation entirely. Yeast operates best at 60 to 70oF. The manufacturer must therefore provide cooling. The heat of reaction must be known so that the optimum cooling can be provided. Too small a unit will yield poor results, and too large a unit will waste resources.






CHAPTER 5

CONCLUSION AND RECOMMENDATION

Conclusion


In view of the findings, the following conclusion were drawn:

1. Digital calorimeter is very useful to the laboratories especially for the laboratories used by chemical students because this instruments can give more accurate and exactitude measuring of the needed result for the laboratory experiment concerning heat and eliminate certain condition like air gap through the holes made for the thermometer and glass stirrer release or let in heat to the outside environment, which could affect the result of the experiment and the fact that a student must have a skill to faultlessly read the glass thermometer. This is probably due to the alternative set-up that will be completely sealed so that the heat would not escape to or to be absorbed from the environment. And by reading the thermometer, instead of glass thermometer it uses thermal transducer connected to a system to translate digital data to a readable form.

2. The very satisfactory performance testing of the digital calorimeter showed to the digital calorimeter performed well in specific temperature reaction on in a certain substance. This must have been due to alternative set-up such as the set-up were completely sealed so the heat would not escape to or to be absorbed from the environment. Reading factor such as instead glass thermometer use a thermal transducer connected to a system to translate a digital data to a readable form may led to the students make their laboratory easy to conduct.

3. The finding that there is significant to the companies and to the school. This is possibly due to a greater help a way of making a popular for having advanced and hi–tech equipment in their laboratories used by the chemical department or medicines or other chemical and will make their much easier than before. It is also significant to the student and to the teachers. This is certainly due to be updated of the hi–tech equipments used in laboratories such as this and able to conduct this experiment in an easy way and easy for them to measure accurate amount of temperature they are measuring. And also it is significant to the researchers to serve as a springboard guides for them and for future reference.  

Recommendation


Based from the evaluations and conclusions, the following recommendations are hereby presented:


For Efficiency. As found out by this study, the chemical students were satisfied and perform more exactitudes in their experiments. Based on this, it is recommended that the Chemical Engineering Department or chemical laboratories should maintain or improve their devices or equipments through this study.


On the other hand, as found out by this study, the instrument used in the laboratories especially for laboratories used by chemical student was improvised calorimeter. Based on this, it is recommended that the instrument used to measure heat of reaction maintain and improve their devices or equipment in accepting modern technologies to this changing world by the alternative set-up will completely sealed so that heat would not escape to or be absorbed from the environment, and instead of glass thermometer will use a thermal transducer connected to a system to translate digital data to a readable one. This system could be a standard personal computer. The chemical laboratories could avail of modern and advanced chemical equipment to improve the instrument performance. This could help in pointing out the chemical student’s inefficiencies and faultlessly read the glass thermometer.


For Policy. It is evident that the chemical students appreciate the importance of improvements in the measuring of heat reaction. The measuring of heat reaction in general, and chemical laboratories in particular, should continue to provide supportive services such as simply an invention aids to make their job easy, fast and reliable, and exactitude results in order to enhance and motivate the students in their experiments. Therefore, current policies should create the proper usage the instruments to push chemical students and chemical laboratories to maintain and improve at a exactitude results.


For Research. To further validate of this study. This research may be replicated among the other colleges or universities, and companies that has chemical laboratories in the whole Western Visayas and in the Philippines. In the way, a more accurate and exact result is measuring heat of reaction and measure the temperature difference before and after the reaction and performance of the students which deals a experiment about calorimeter.


Furthermore, studies along this line should be conducted taking a wider scope of other researchers.  
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A P P E N D I C E S

A P P E N D I X  A

Definition of Terms

Definition of Terms


For the purpose of clarity and understanding, the following terms were given their conceptual and operational meanings.


Analog – to – digital converter - a device that converts analog signals to numerically equivalent form for input to a digital computer.


In this project, this refers to any CMOS 8-bit successive approximation analog –to – digital converter that use a differential potentiometric ladder.


Calorie - a unit of heat energy, originally defined as the amount of energy, as heat (calor in Latin means heat), required to raise the temperature of 1 g of liquid water from 14.5¡ to 15.5¡ C.


In this project, it will be the heat energy, which will be measured through the use of calorimeter.


Calorimeter - a laboratory instrument for measuring the emission or absorption of heat in a chemical or physical process.


In this project, it is a device, which is used to measure heat of reaction. However, this device will be the improved type. Digital system will be employed.   


Computer - Computer, electronic device that can receive a set of instructions, or program, and then carry out this program by performing calculations on numerical data or by manipulating other forms of information.


In this project, this refers to the standard personal computer, which will be used in the project. The Standard personal computer, which will be used in this project, is the Pentium II.

Digital - expressed in digits, especially for use by a computer.


In this project, this will be the displayed value of the measured heat inputted in the computer.


Microprocessor - is an ultra-compact central processing unit (CPU) of a digital computer. 

Transducer - is a device that transforms input energy into output energy.


In this project, this refers to the transducer, which will be used in the project. The transducer, which will be used in this project, is the LM235.

A P P E N D I X  B

Work Schedule

Work Schedule

	July 2, 2004
	- The group choosing a project which can able to contribute to this changing world. The team had designed an instrument, which will be used in laboratories especially for the laboratories used in chemical student. This instrument is what we call as the digital calorimeter.

	July 5-13, 2004
	- Each member of the group has an assigned topic to research about calorimeter for an overview of the said topic.

	July 16, 2004
	- Passing of initial abstract

	July 19-28, 2004
	· Careful planning, discussion, open forum and brainstorming of what possible approach and steps should be taken in the preparation with the project study. This may include the following:

1. Calorimetry

2. Calorimeter

3. Microprocessor

4. MC68HC11 Integrated Circuit

5. Transducer

Research on those topics as planning and forms are conducted.

	August 2-6, 2004
	· Research on available resources, in the 

1. Library ( Henry Luce III, CPU )

2. Internet

3. Person-to-person Interview

4. Related previous project topics on:

a. Microprocessor system and technology

b. Semiconductor devices, component properties and availability, and virtual components testing.

c. Calorimeter

d. Transducer

	August 9-12,2004
	- Continue research study, Converter and Display control system.

	August 16-20,2004
	- After enough data collected on microprocessor. Research on its availability on electronics shop. Its price and specification inquire or consult to the adviser and instruction about its advantages/disadvantages and additional purpose.

	August 23-27,2004
	- Continue research study. Converter and display control system. Add: Component Properties and Semiconductor devices.

	August 30-31,2004
	- Open forum and discussion about the chosen microprocessor and convert to electronic shops, adviser and instructor of the researched system.

	September 1-3, 2004
	- Open forum and discussion on previous chosen components and its specification. Foresee what the circuit block diagram and schematic would look like. Deal with the missing parts. Analysis and computations might take place.

	September 6-7, 2004
	- Consult circuit diagram and schematics to the adviser and instruction on microprocessor. If components may tend to act positively or if there are drawbacks hat will take place.

	September 8-10, 2004
	- Open forum and discussion. Figure out  a way on how to complete block diagram and schematics. Keep project to be simple but effective. Completing the paper works.

	September 11-15, 2004
	- Completing the paper works.

	September 16, 2004
	- Finalizing the paper works for the defend on project proposal

	September 17, 2004
	- Passing the paper works on the adviser for the preparation as other depend on project proposal.

	September 20-29, 2004
	- Continue research on the topic about calorimeter for the preparation on the defend in project proposal to the validators.

	September 23, 2004
	- Open forum together with the adviser to discuss the possible question to be asked by the panelist during the proposal defend.

	September 24-28, 2004
	- Continuing research and study for the project proposal defend.

	September 29, 2004
	- Project proposal defend

	October 11-15,18-22, 2004
	- Designing, develop and construction of the said project. Virtual component testing. During this time trial and errors will occur.

	November 15-19, 2004
	- Continue to research about the calorimeter for the season to change the content of Review of Related Literature.

1. Calorimetry

2.Calorimeter

      a. Development of Calorimeter

      b. Formulas and Equations

      c. Units and Conversion

3. Methods of Measurements and Equipments

       a. Requirements for Precise             Calorimetry

        b. Types of Calorimetry

	November 22-26, 2004
	- Construction of the prototype of the study and completing the remaining parts needed on the project.

	December 6-10, 2004
	- Continue research on the study for the preparation for the final defends.

	December 15-19, 2004
	- Finalizing the prototype of the study and paper works.

	December 29-30,2004 and January 1-2,2005
	- Finalizing the paper works and making powerpoint presentation for final defend.


A P P E N D I X  C

Project Cost

Project Cost

A. Materials

	ITEM
	DESCRIPTION
	NO. OF PIECES
	UNIT COST
	TOTAL COST

	Computer
	Pentium II
	1
	Php 15,000.00
	Php 15,000.00

	Potentiometer 
	10kΩ and 1kΩ
	2 
	Php 10.00
	Php 20.00

	Capacitors
	10μF(Electrolytic)
	1
	Php 3.00
	Php 3.00

	
	10pF(non-polarize)
	1
	Php 3.00
	Php 3.00

	Buffer 
	(74LS244)
	1
	Php 24.00
	Php 24.00

	Knobs
	
	2
	Php 5.00
	Php 10.00

	LED
	
	3
	Php 2.00
	Php 6.00

	Crown Jack

	
	1
	Php 18.00


	Php 18.00



	ADC IC
	
	1
	Php 65.00


	Php 65.00



	Transducer
	
	1
	Php 50.00


	Php 50.00



	Calorimeter Cup

(Including Styrofoam cup

and other material in the

calorimeter cup)


	
	1
	Php 50.00


	Php 50.00



	Connecting Wires
	AWG #22
	2
	Php 8.00


	Php 16.00



	Printer Cord
	
	1
	Php 69.95
	Php 69.95

	Breadboard
	
	1
	Php220.00
	Php220.00

	Resistors


	150kΩ
	1
	Php 0.50
	Php 0.50

	
	5kΩ
	1
	Php 0.50
	Php 0.50

	
	   4.6kΩ 

	2
	Php 0.50
	Php 1.00

	
	1kΩ
	3
	Php 0.50
	Php 1.50

	
	3kΩ
	1
	Php 0.50
	Php 0.50

	
	12kΩ
	1
	Php 0.50
	Php 0.50

	Casing
	
	1
	Php 89.75
	Php 89.75

	Op-amp
	KIA4558P
	1
	Php 30.00
	Php 30.00

	Battery
	9V
	1
	Php 45.75
	Php 45.75

	Adaptor
	Variable output
	1
	Php199.75
	Php199.75

	Soldering Iron
	
	1
	Php128.00
	Php128.00

	Desoldering Pump
	
	1
	Php138.75
	Php138.75

	Portable Hand drill
	
	1
	Php499.75
	Php499.75

	Battery Holder
	9V
	1
	Php 3.00
	Php 3.00

	Voltage regulator
	5V
	1
	Php 30.00
	Php 30.00

	IC holder
	28 pins
	1
	Php 50.00
	Php 50.00

	Total
	
	
	
	Php 16,818.20


B. Miscellaneous


Printing



Ink – Php 420.00

 

Bondpaper – Php 256.50


Folder – Php 25.00


Clear Photocopy – Php 105.00


Adviser Fee – Php 2500.00


Total – Php 3,306.50

Overall total – Php 20,124.70

A P P E N D I X  D

Units and Conversions

Units and Conversion

Heat units are expressed in a relatively small unit called the joule, equivalent in electrical unit to a watt-second. A joule is defined as the amount of heat dissipated in one second in an electrical circuit being fed a power of one watt. The calorie is also used as a unit of heat and is equal to 4.184 joules. The unit that dieticians call the calories is the kilocalories: 1 food calorie = 1 thermodynamic kilocalorie = 4.184 kJ.


The dimensions of heat capacity are energy/ (degree) (unit mass). In scientific work, the heat capacity is measured in absolute (thermodynamic) joules / (OK) (g). In engineering work, the unit is the British thermal unit (Btu)/ (OF) (lb).

1J = 1N-m = 1 X 107 = 1 X 107  dyne-cm

= 2.778 X 10-7 kW-h = 0.23901 cal

  
= 0.7376 ft-lbf = 9.486 X 10-4 Btu

A P P E N D I X  E

Circuit Diagram

A P P E N D I X  F

Program Of the Project
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