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ABSTRACT 

The alms of this study were (l) to compile the major inorganic 
chemistry concepts that any college student should appreciate and 
understand as a result of taking courses in inorganic chemistry; 
(2) to identify organizing centers for learning in which clinical 
faculty may direct the process through which learning takes place. 

The study dealt with chemistry in which the faculty of 
Montana State College School of Nursing were encountering problems 
in curriculum. Ten major concepts were compiled, and organizing 
centers for learning and teaching were analyzed with a particular 
focus toward assisting the nursing student to make the application 
of inorganic chemistry concepts to nursing. 



I. INTRODUCTION 

Origin of Problem 

The overall aim of nursing education today is to prepare the 

student for professional nursing in .the shortest possible time. This 

trend toward a shortened course of study means improvement in selection 

of course content, selection of teaching methods, and selection of 

students. The goal of many collegiate programs in professional nursing 

is to teach students basic knowledge and skills of all types of nursing, 

rather than preparing the student to be proficient in specific clinical 

areas. That is, the student is prepared for a beginning position in all 

areas of professional nursing. In order to achieve this goal, teaching 

must be based on fundamental principles which gives guidance to intelli¬ 

gent solutions of patient problems, rather than depending on rote memory 

and a set pattern. Until recently, nursing education programs included 

unrelated lectures on medical diseases, surgical diseases, diet therapy, 

pharmacology and the social and health aspects of nursing. Psychosomatic 

factors in nursing have been added to the bewildering array of courses. 

In an effort to unify the student’s thinking, comprehensive courses 

including all aspects of the care of the patient have been developed.^" 

The concepts of the various sciences that are a part of the nursing 

curriculum are correlated—as they apply—within these courses. Thus, 

with the trend toward (l) broadening the education of the professional 

nurse; (2) developing the integrated courses in nursing; (3) completing 

^Cordelia M. Cowan, The Yearbook of Modern Nursing. New York: G. P. 
Putman*s Sons, 1956, p. 3U. 
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the requirements in less time, it is essential that the educational 

program be studied to determine to what extent the objectives are being 

met and to seek more effective ways of preparing the professional nurs¬ 

ing student in the shortest possible time, 

Peplau describes nursing as follows: 

Nursing, as an applied science, develops its principles by 
interrelating ones from all other known sciences and applying 
them to everyday nursing problems.^ 

Natural and social sciences are fundamental to the practice of 

nursing, as well as essential for the educated person in our society 

in understanding the world of today and tomorrow and in carrying out 

the responsibility of citizenship. How to provide essential experi¬ 

ence in these sciences for both objectives and still provide all other 

experiences necessary in preparing the professional nurse within a 

reasonable time span for the completion of a degree program has long 

been a problem for universities concerned with basic collegiate 

nursing education.^ 

In reviewing literature it was found that an increasing number 

of studies and research projects have been done in this area of 

integrating the basic sciences in the whole program of the nursing 

curriculum. Two large research projects concerned with this problem 

were conducted. One was the cooperative action research project at 

p     
Hildegard Peplau, Interpersonal Relations in Nursing. New York: 

G. P. Putman*s Sons, 1952, p. HI. 

^Marie Farrell, "Nursing Science in Basic Collegiate Nursing," 
Nursing Research, Vol. 2 No. 3; 93* February 195U* 
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the University of Washington under the direction of Ole Sand.^ The other 

study was conducted at the Boston University School of Nursing. This 

project was concerned with testing the results of an exploration, 

directed by Bowen, of the ways in which a synthesis of sciences might 

be achieved. 

Other investigations were primarily conducted by nurses in the 

field of nurse education who were interested in the ability of the 

nursing student to apply basic science principles in the practical 

clinical experience. 

Soinmermeyer and Tiffney conducted a pilot study on science 

material in the cardinal symptoms. This study indicated that more 

emphasis is needed in the area of understanding the science material 

in all cardinal symptoms, but especially in those related to tempera¬ 

ture and respiration. It was also suggested that students seem to need 

more help to vocalize the science material which they do know regarding 

specific nursing practices.^ 

A study reviewed by Fedder in her discussion of related 

literature pertinent to this study is as follows: 

The need for clinical instructors to help students apply 
basic science principles was emphasized by Skinner (9)» This 

^Ole Sand, Curriculum Study in Basic Nursing Education. 
G. P. Putman’s Sons, 1953. 

New York: 

^Eleanor Page Bowen, "Synthesis of Biological Sciences," 57th Annual 
Report of The National League of Nursing Education. New York: The 
League, 19517 P* 271-277. 
/• 

°Lucille Sommermeyer and Wesley N. Tiffney, "Pilot Study on Science 
Material in the Cardinal Symptoms." Boston, Mass., Boston University, 
1956. 
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study^ which was designed as a guide in a specific teaching 
situation^ indicated an increasing tendency to teach the 
basic sciences to student nurses in classes with other 
college students; these courses were often not directed 
toward nursing. Pretests in the clinical area indicated 
that many student nurses had a knowledge of basic science 
principles, but were unable to apply them to nursing care 
of their patients. Skinner identified science data 
essential in planning nursing care, demonstrated their 
application in daily care of patients and suggested methods 
for integrating science content into theoretical teaching. 
Skinner also sought to stimulate other studies on the integra¬ 
tion of sciences in the nursing curriculum.' 

A number of other studies have emphasized the identification 

and integration of basic science concepts in the areas of anatomy, 

physiology, microbiology and chemistry. Fedder developed a 

methodology for selecting basic science concepts of anatomy and 
o 

physiology necessary to plan nursing care. These studies have 

centered around patients with particular conditions. The present 

study was from a different frame of reference and was directed 

toward developing a list of the major concepts of inorganic chemistry 

and the application of these concepts to patient care. It was the 

opinion of the investigator that the basic science concepts that every 

nurse needs to know should be more readily accessible to the clinical 

instructor. These concepts, readily accessible, will aid in motivating 

the instructor who assists the student in making direct application of 

the same. 

^Helma Julia Fedder, "Basic Science Concepts Essential in Planning 
Nursing Care." Nursing Research, Vol. !;, No. 3j 101, February 1956. 

8Ibid., p. 100-12U. 
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Statement of the Problem 

There are many problems in this area of preparing the professional 

nursing student in the shortest possible time* An interlacing of the 

concepts of other disciplines with the nursing concepts is one of the 

major problems. The investigator elected to deal with a segment of this 

problem, focusing on chemistry and its application in total patient care. 

The study dealt with the problems encountered in this area at 

Montana State College School of Nursing. The investigator in her 

experience as an instructor attempting to correlate other disciplines 

with nursing felt a need for assistance in determining the major concepts 

of other disciplines that the nursing student should know, and under¬ 

stand in order to give safe patient care. Also, the need was expressed 

by the faculty of Montana State College School of Nursing, to more 

effectively relate the basic sciences and clinical experiences, 

especially in the area of chemistry because of the many problems the 

students were vocalizing concerning this subject. Chemistry is a good 

starting point as it is a prerequiste to other courses such as 

bacteriology, medical and surgical nursing. 

The purpose of this study was to determine the major concepts in 

inorganic chemistry and to identify organizing centers for learning (as 

explained by John I. Goodlad) which students, with the assistance of 

instructors, should apply when giving nursing care to patients. 

Importance of the Study 

Montana State College nursing students complete a large part of 

their formal education before entering a hospital from one-two hundred 
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miles away from Bozeman. This poses the problem of planning for effective 

application of this knowledge in a practical situation. Are students 

able to apply the theory in a practical situation? Can the student nurse 

relate basic science concepts to nursing problems which must be met? 

Can the clinical instructor assume more responsibility for assisting 

students in applying basic science principles to the nursing care of 

patients? 

Of all the sciences that are basic to nursing, chemistry is one 

with which many nursing students have difficulty in the course itself 

and consequently in applying the principles in the actual practice of 

nursing. Students have even questioned the necessity of chemistry as 

a part of the nursing curriculum. It is a controversial issue among 

the faculty as to how much chemistry is required to educate a good 

nurse. Nursing students assume a heavy credit load in order to learn 

the basic principles of the many sciences that are fundamental to the 

practice of nursing. There is a time lag between when the student is 

taught the theory and when it is applied. These factors have a 

definite effect on the ability of the student nurse to recognize and 

apply basic science concepts. 

The investigator assumes that if the nursing faculty make speci¬ 

fic reference to the basic science concepts as they occur in the 

clinical area, the student*s recognition and application of these 

principles that apply to nursing care can be increased. The relation¬ 

ship of chemistry to the nursing care of patients can be clarified as the 

faculty and the students study and apply major concepts in chemistry to 

specific cases. 
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With the rapid advancements in science many new concepts have come 

to light and also a finer refinement of others. To illustrate: in past 

years a salt-free diet would be ordered for a patient. When the patient 

was distressed soda bicarbonate might be given as a treatment for the 

distress. In recent years it has been proven that sodium is the factor 

to eliminate and not the chlorides. Thus, unknowingly, the purpose of 

the treatment was being defeated. Most people are unable to keep 

abreast of all the rapidly changing concepts. This points up the need 

for available literature to an instructor providing the basic science 

concepts a nurse should know in order that the instructor can re¬ 

enforce the theoretical learning when the student can actually see the 

application a learning by doing situation. This would facilitate the 

instructor assisting the students more effectively to apply these 

concepts with a scientific approach to problematic situations. 

With the variety of drugs to administer, the more complex proce¬ 

dures delegated to the nurse, the increasing use of dietary treatment, 

nursing care required of the professional nurse today compared with a 

few years ago is more complex and it is necessary to depend upon the 

understanding of principles instead of rote memory of a few specific 

facts. The acquisition of understanding of scientific principles will 

equip the student to solve other problems. 

It is the opinion of the investigator that the course in chemistry 

could be immeasurable strengthened by close cooperation between the 

science instructor and the clinical instructor in order that one can 

reinforce the teaching of the other. The chemistry instructor would be 

aware of the way in which nurses use the scientific knowledge and the 
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clinical instructor would have a better understanding of just what the 

science instructor stressed. 

Why Nurses Study Chemistry 

Dr. Arnow suggests six reasons. First, he discusses health. 

Those concerned with health are mainly interested in keeping people 

well and if they are sick, to get them well. Health depends on the 

food we eat; an adequate diet is of vital importance to health. In 

order for food to be utilized in the body it must undergo important 

chemical changes. It is important for the nurse to know about the 

chemistry of digestion. A knowledge of the nature of the chemical 

process involved in the digestion and absorption of food makes for 

better patient care. It is also helpful in interpreting to others the 

relation of nutrition and health, a service greatly needed at all times 

by all people. 

The second reason is disease. The body is healthy and strong as 

long as reactions that take place in the body are normal, but when 

abnormal reactions set in the body becomes weak and diseased. The 

physician uses chemicals (drugs) to attempt to change the chemical 

reactions so that there will be a normal reaction; or he may order a 

heat application which assists the bodyls own chemical defense mechan¬ 

isms to bring about the desired change; or he may surgically remove the 

area of the body in which the abnormal reactions are talcing place. If 

a nurse is to give intelligent nursing care, which ensures safe patient 

care, she needs to know why the various procedures were chosen. A 

nurse should be alert to the needs of her patient (whether well or ill) 
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and have a knowledge of the fundamental principles of chemistry. 

The third reason is advertising. The newspapers and magazines 

continually have advertisements about marvelous drugs—cure-all drugs. 

Authorities state that fraudulent medical advertising costs the 

American people millions of dollars each year. The public’s only 

defense against such fraud is their own intelligence and information 

from the professions whose function is to safeguard the health of the 

people. 

The fourth reason is change. Medical science is changing rapidly. 

Nursing, as a related profession, must keep abreast of the changes. 

Many of these changes involve chemistry, so to intelligently interpret 

the changes a basic knowledge of chemistry is required. 

The sixth reason is that chemistry is prerequiste to other courses. 

So much of the prevention and treatment rests upon chemistry as a base 

that it is essential to understand this foundation. Chemistry is basic 

to understanding the normal functioning of the body and variations from 

the norm which are discussed in other fields as nutrition, pharmacology, 

pathology, nursing courses. Chemistry is a supporting science which 

helps the nursing student understand other subjects in the nursing 

o 
curriculum. 

Do our nursing students just take for granted the many things made 

possible by the science of chemistry? Do they learn to appreciate the 

role of chemistry in nursing thus making it more meaningful to them? The 

chemist has synthesized germicides providing the methods of chemical 

^L. Earle Arnow, Physiological and Pathological Chemistry. St. Louis: 
C. V. Mosby, 1957- p. 23. 
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disinfection. The biochemist, in his study of the human body, has 

greatly contributed to the areas of diagnosis and treatment of disease. 

The modern treatment of diabetes mellitus and diabetic coma is almost 

entirely dependent on the work of the biochemist. There are no known 

natural general anesthetics, so again, the chemist was called upon to 

develop synthetic anesthetics. The field of chemotherapy has made 

great advancements in recent years such as the development of a 

number of life-saving drugs. The use of pencillin would not have 

been possible without the aid of the biochemist who devised methods for 

abstracting it from mold and established methods for determining its 

strength and effectiveness. These are just a few examples of the role 

of chemistry in nursing. The nurse must understand some of the 

chemical changes that take place in the body in health and disease if 

she is to give intelligent nursing care. In the study of chemistry the 

nurse acquires tools which will aid her in making sound judgments. She 

must understand and apply the principles of chemistry in such activities 

as selecting and cooking food for patients, providing a clean environ¬ 

ment for her patients, in giving first-aid antidotes, in selecting 

chemical disinfectants, in testing urine of patients, in assisting the 

doctor with diagnostic tests, in the care of instruments and in reducing 

, ,10 
fire hazards. 

■^Stella Goostray and J. Rae Schwenck, A Textbook of Chemistry. New 
York: The Macmillan Company, 1950, p. J. 
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Hypothesis 

If nursing faculty make specific references to the principles of 

inorganic chemistry in clinical teaching, the nursing students recogni¬ 

tion of these principles as they apply to nursing can be increased. As 

the student recognizes and applies these principles her ability as a 

professional person increases. An examination of this assumption 

depends upon an identification of learning centers and a formulation 

of the major concepts of inorganic chemistry. 

Objectives of the Study 

1. To compile the major concepts in inorganic chemistry 
that the professional nurse needs to know. 

2. To identify learning centers in which the clinical 
instructor may present inorganic chemistry concepts 
that have application in nursing. 



II. DESIGN OF THE STUDY 

The scope of this study was limited to inorganic chemistry. The 

investigator reviewed relevant texts related to the subject matter. 

From this ten major concepts were formulated. These concepts were 

verified by P. C. Gaines* a specialist in the field at Montana State 

College. 

The next step was to select learning centers where students could 

make the application of these concepts in nursing. This aspect of the 

problem was discussed with Dr. B. L. Johnson* Professor of Chemistry at 

Montana State College. Many helpful suggestions were made to the 

investigator concerning the approach to use and the most relevant concepts 

to include in the discussion. 

The subject matter in this particular study was the beginning point 

from which the instructor provides for the process through which learn¬ 

ing takes place* in this case the application of inorganic concepts in 

nursing. Organizing centers for learning were selected that would allow 

for meaningful learning to take place. It would permit the nursing 

student to move from the facts and generalizations of the theoretical 

courses on campus to the application in nursing. The criteria used 

for the learning centers was taken from John I. Goodlad^* nThree 

Dimensions in Organizing the Curriculum for Learning and Teaching”. 

  
L. Earle Arnow* Physiological and Pathological Chemistry. St. Louis: 

C. V. Mosby Compary* 15571 Oscar Bodansky* Biochemistry of Disease. New 
York: The Macmillian Company* 1952 j L. Jean Bogart* Fundamentals of 
Chemistry. Philadelphia: ¥. B. Saunders Company* 19U2; Stella Goostray 
and J. Rae Schwenck* A Textbook of Chemistry. New York: The Macmillan 
Company* 1950. 
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He says that three factors predominate in the learning-teaching act— 

learners, something to be learned, and a process through which learn¬ 

ing takes place. These three dimensions constitute the solid matter 

of the learning-teaching act. Desirable organizing centers for learn¬ 

ing and teaching are adequately comprehensive including a breadth of 

ideas allowing for individual differences; have organizing capacity 

permitting ideas and materials to build on the known to the unknown; 

have capacity for movement intellectual movement from facts to 

12 
generalizations to applications. 

TO   
John I. Goodlad, "Three Dimensions in Organizing the Curriculum 

for Learning and Teaching," Reproduced from Frontiers of Elementary 
Education, Pages 11-22. (Edited by Vincent J. Glennon) New York: 
Syracuse University Press, 1956. 



III. MAJOR INORGANIC CHEMISTRY CONCEPTS 

1. An atom, basic structural unit of an element, consists of a nucleus 
around which electrons revolve. 

a. Atoms have the same number of both negative and positive 
electrical charges. 

b. An electron has a negative charge, the nucleus a positive 
charge, and the number of positive charges in the nucleus 
is exactly equal to the number of electrons revolving 
around the nucleus. 

c. The number of electrons which an atom has is equal to the 
atomic number of the atom and likewise the number of 
positive charges on the nucleus is equal to the atomic 
number of the atom. 

2. Valence is the combining capacity of an element. 

a. Elements which gain or lose electrons possess an electra- 
valencej those that share electrons, a covalence. 

b. Elements which lose electrons during a chemical reaction 
have a positive electravalence; elements which gain 
electrons have a negative electravalence. 

c. Valences of the elements of a compound must always balance, 
that is, the sum of positive valences and the sum of 
negative valences in a compound must be equal. 
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3. A chemical substance is something which has definite composition 
and definite properties (color* density* etc.) under given 
conditions; while a mixture is a material made up of two or 
more substances mixed together* each of which retains its own 
set of properties. 

a. There are simple substances (elements). Two or more 
simple substances may unite to form compound substances. 

b. Every compound substances always contains a definite 
proportion by weight of each of the simple substances 
of which it is composed—-the law of definite weight 
proportions. 

c. When two substances form more than one chemical compound* 
a simple whole number relationship exists in the propor¬ 
tions of the elements which make up the substances. 

i|. The molecular weight of an element or compound is the sum of 
the weights of all atoms in the molecule; the atomic weight 
of an element may be expressed in grams* the grain-atomic 
weight. 

a. A gram-atom is 1 gram-atomic weight of an element. 

b. A mole is 1 gram-molecular weight of an element. 

c. A formula is a convenient way to represent 1 molecule 
or 1 molecular weight of a compound; a formula gives 
both qualitative and quantitative information about a 
compound. 

5* Oxidation-reduction reaction is when a change in valence occurs 
as the result of a chemical reaction (also a transfer of 
electrons). 

a. Any substance that has lost electrons has been oxidized. 
Oxygen is a common oxidize gaining two electrons per 
atom of oxygen from the substance oxidized. 

b. Any substance that has gained electrons has been reduced. 
Hydrogen is a common reducing agent giving one electron 
per atom of hydrogen to the substance reduced. 
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6. Solutions are homogeneous mixtures that do not have a definite 
composition; the solute is the substance which is dissolved; the 
solvent is the substance in which the molecules of a solute are 
dispersed, (sugar solution sugar is the solute—water is the 
solvent). 

a. Surface tension; molecules of a solution are constantly 
attracted on all sides; those on the surface are attracted 
on one side only, being pulled downward forming a film. 
The force required to break the film is called surface 
tension. 

b. Diffusion is the process by which a substance in a solution 
distributes itself uniformly throughout the solvent. 

c. Dialysis is the method of separating particles in true 
solution and water molecules from particles in colloidal 
dispersion. In this process of separating two substances 
by diffusion or filtration* a parilment membrane may be 
used to demonstrate it. 

d. Freezing point of the solution is always lower than the 
freezing point of the pure solvent; the boiling point is 
generally higher. 

e. A normal solution contains one gram-equivalent weight of 
solute in one liter of solution; molar solution contains 
one gram molecular weight of solute in one liter of 
solution. 

f. The concentration of a solution may also be expressed by 
per cent or ratio indicating the amount of solute in 
relation to the total quality of solution, (number of 
grams of solute in 100 cc of the solution or number of 
grams of solute per 100 g solution). 

g. Osmosis is the diffusion through a semipermeable membrane 
separating two solutions* with the principle flow towards 
the denser solutions; osmotic pressure being the "pull” 
the denser solution has on the less dense solution. 
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7. The kinetic molecular hypothesis states that all matter is composed 
of infinitely small particles called molecules which are separated 
from each other by spaces; all molecules of the same chemical 
substance are alike; all molecules are in continuous motion and 
move in straight lines; all molecules are perfectly elastic. 

a. Gases diffuse readily and may be compressed to a small 
volume, 

b. Volume of a gas var5.es inversely as the pressure applied 
to it. The pressure of a gas increases with an increase 
in temperature. 

c. The Avogadro law states that equal volume of gases at the 
same temperature and pressure contain the same number of 
molecules. 

d. If the pressure remains constant the volume of a gas 
varies directly as the absolute temperature (Centigrade 
plus 273)* 

8. Natural radioactive substances are those which by slow 
disintegration change into another substance; that is, 
radioactivity is the term applied to all chemical substances 
which emit energy rays. The natural radioactive elements 
have high atomic weights and complex structures but all 
elements with high atomic weights are not radioactive. 

a. The tremendous amount of energy obtained from radio¬ 
active elements is due to the fact changes are nuclear; 
the energy available as a result of an ordinary chemical 
change is liberated during the transference of electrons 
from one atom to another. 

b. All radioactive elements give off three types of rays; 
alpha — similar to helium 

have two positive charges of valence 
little penetrating power 

beta — negative charges 
penetrate through aluminum and air 

gamma — very penetrating 
need several feet of lead for protection 
similar to cathode ray of x-ray 

c. The disintegration of radioactive nuclei is spontaneous 
and not changed by outside forces; each radioactive element 
has a characteristic rate of disintegration called its 
"half-life", time required for a given amount of the element 
to lose half of its mass. (Radium is disintegrating at a 
rate such that half of any given quantity will be decomposed 
in 2,5>00 years). 
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9. Energy is anything which can be made to do work, or to change rate 
of motion of a substance* 

a. The law of the conservation of energy is energy can neither 
be created nor destroyed, although it can be transformed 
from one form into another* 

b. Potential energy is stored energy not manifested in xrork; 
chemical energy, which all substances contain, is energy 
stored in chemical substances which becomes evident when 
they undergo transformation into other substances; energy 
changes are transformations of one kind of energy into 
another. 

c. There are six forces, spoken of as different kinds of 
energy; mechanical energy, heat, light, sound, electricity, 
and chemical energy* 

d# Every element or compound owes its distinctive properties 
not only to the fact that it is matter of a certain definite 
composition, but that it is that matter holding its appro- 
•priate proportion of internal (chemical) energy. Elements 
cannot be made to yield the energy which they contain except 
as they react chemically* Active energy wi3.1 either appear 
or disappear, depending on whether the substances produced 
contain less or more chemical energy than the original 
substances. 

e. Certain chemical changes will not take place without a 
continuous application of energy; in other instances 
reactions occur in which an application of energy is not 
required but energy is given off* 
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10. Acidsj basesj and salts are the only substances that will carry 
an electric current in a water solution^ and as a group are 
called electrolytes. 

a. Acidsj bases, and salts in solution dissociate into freely 
moving particles called ions which move under the influence 
of an electric current. 

b. Ions are atoms or radicals that carry electrical charges, 
some positive, some negative. The number of charges per 
atom or ion is equal to the valence of the atom or radical. 

c. The sum of the positive charges is equal to the sum of 
negative charges, so that the solution is electrically 
neutral. 

d. The presence of the electric charge on the atom or radical 
entirely changes its properties. 

e. This dissociation into ions is rarely complete. Some 
substances dissociate more than others; the percentage of 
dissociation increases as the solution is diluted. 

f. Each ion has the same effect on the boiling point, the 

freezing point, and the osmotic pressure as a whole 
molecule. 

g. The reactions between acids, bases, and salts in solution 
are accompanied by an interchange of ions. 



IV. APPLICATION OF INORGANIC CHEMISTRY CONCEPTS 

TO PATIENT CARE 

The nursing student entering the hospital has had the basic courses 

in inorganic chemistry. It is now the responsibility of the clinical 

faculty to recognize and provide opportunity, by controlling the environ¬ 

ment, for the student to make the application of these concepts to 

nursing through organizing centers for learning. Some of the areas in 

clinical teaching where the instructor may motivate the student and 

provide opportunity for application of inorganic chemistry concepts 

are discussed in the following pages. 

Edema 

The instructor may be discussing a patient with edema. Whether 

it is in association with cardiac failure, nephritis, toxic conditions, 

or the like, an excellent opportunity is provided to recall the chemistry 

involved in explaining the condition, thus enriching the students 

understanding. 

Edema is usually a manifestation of some intrinsic defect in the 

normal circulation of fluids within the body, resulting in the increase 

of water content of the extracellular compartment. The dicporportion 

between intake and output of fluid and electrolytes is the result of 

this abnormality rather than the cause. 

Osmosis is the flow of water through a semipermeable membrane. 

In the body fluid leaves and enters the blood stream through the walls 

of the capillaries. At the arterial end of the capillary the blood 
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pressure is higher than the osmotic pressure—pressure exerted by the 

movement—and fluid will leave the capillary entering the tissue 

spaces. At the venous end of the capillary the blood pressure is 

lower than the osmotic pressure and most of the fluid which left 

the arterial end of the capillary will return to the blood stream. 

Under normal conditions the filtration takes place at the arterial 

end of the capillary and absorption takes place at the venous end. 

Bodansky illustrates this point where he cites., ’’Landis found that 

in man the average pressure at the arteriolar end of the capillary 

was 32mm. Hg5 that the pressure decreased gradually to 22mm. Hg at 

a point halfway between the arteriolar and venous ends* and still 

13 
further to 12 mm. Hg at the venous end of the capillary”. 

In cases where the concentration of protein in the blood is 

lowered, such as in a prolonged deficiency of protein, or as in 

hepatic disease or nephrotic disease, there is an increase in the 

force with which fluid is driven into the interstitial space at the 

arterial end and a decrease in the force with which it is reabsorbed 

at the venous end of the capillary because with a lowered protein 

concentration in the blood the osmotic pressure due to plasma protein 

is lowered. Much more fluid will leave the capillary than will enter 

it resulting in edema. 

A characteristic of cardiac failure is an increased venous 

pressure. VJhen the pressure increases in the veins the pressure is 

transmitted to the capillaries. This results in a decreased tendency 

pq    
■'Oscar Bodansky, Biochemistry of Disease. New York; The Macmillian 
Company, 1952, p. l53. 
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to reabsorb fluid from the tissues because the blood pressure is higher 

than the osmotic pressure at the venous end of the capillary. Therefore^ 

there is formation of edema. The same thing occurs when large veins are 

obstructed—cancer in the abdominal cavity may obstruct the inferior 

vena cana which returns the blood from the lower limbs3 causing marked 

edema of the legs and thighs. 

A number of other factors such as temperature, the presence of 

toxic agents, hormonal and nervous activities influence the filtration 

of fluid into the tissue spaces. The capillary walls may be damaged 

allowing the plasma proteins to pass through them into the tissue spaces 

outside the capillary. In a short time the concentration of protein is 

the same inside and outside of the capillary. The capillary blood 

pressure is without opposition and edema results. 

An interference or blockage of lymphatics will cause edema. When 

the body is functioning normally slightly more fluid leaves the 

capillaries than enters them again. The lymph—excess fluid—flows 

from the tissues towards the lymphatics which travel along with the 

blood vessels finally converging and emptying into the internal 

jugular at the junction of the left subclavian vein in the neck. Edema 

results if the lymphatics become obstructed and drainage cannot take 

place, causing the fluid to accumulate in the tissues. This type of 

edema occurs in the tropical disease known as filariasis or 

elephantiasis which is caused by small worms (Filaria) that enter the 

body and live in the lymphatics. They are especially likely to obstruct 

the lymphatics which drain the lower limb; these limbs swell to hugh 

proportions as a result of edema. 

■^Arnow, op. cit., p. 357. 
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The inorganic salts dissolved in the blood and lymph assist in 

maintaining normal osmotic pressure. An excessive amount of sodium 

chloride in the diet accentuates edema, consequently patients with 

edema are on a restricted salt diet. 

Inorganic salts also assist in keeping substances in solution in 

the body. Certain substances such as globulins are said to be soluble 

only in dilute salt solutions. Even though the salt concentration in 

the blood are not of the magnitude required by the above statement it 

is undoubtedly true that the small concentration of salts in the plasma 

contribute to the solubility of globulin. The blood and lymph are able 

to transport such substances obviously because they are in the solution 

state• 

Inorganic Salts in the Body 

In discussing learning centers that have application for the use 

of inorganic salts in the body a few introductory remarks are relevant 

at this point. 

Essentially, the body consists of twelve elements——carbon, 

hydrogen, oxygen, nitrogen, sulfur, sodium, potassium, calcium, 

magnesium, iron, phosphorus, and chlorine. The first five are largely- 

furnished by carbohydrates, proteins, and fats in the diet. The latter 

ones are supplied by food if the diet is chosen wisely. All are very 

necessary for building body tissue. The inorganic salts have important 

physiological uses in the body which are closely associated with such 

properties as diffusion, osmotic pressure, ionization In water solution. 

The water allows for ionization, consequently these salts are present 



mainly as ions rather than molecules which produces chemical changes more 

readily than if the salts were not ionized. The presence of ions of 

salts permit on the one hand the production of the acidity attributed 

to the hydrochloric acid in the gastric cavity and on the other hand 

the alkalinity in the small intestine attributed to the OH. These 

ions undoubtedly contribute to the general colloidaiity of protoplasm. 

Many of these physiological processes depend upon the combina¬ 

tion of inorganic and organic compounds. For example, sodium 

bicarbonate carries the carbon dioxide from the tissues to the lungs; 

salts of certain organic compounds are much more soluble than the 

compounds themselves; phosphoric acid plays an essential role in the 

oxidation of sugar in the body tissues; thyroxine is an organic 

io dine c onpound. 

About three-fourths of the inorganic matter of the body is 

composed of calcium phosphate—deposited mainly in the bones. The 

majority of iron is found in the blood, some being stored in the body; 

the muscles and blood contain chlorine, sodium, potassium, and some 

magnesium; the blood plasma contains mainly sodium, salts. Blood cells 

and soft tissue contain potassium salts—potassium being the principle 

basic element of the cells. A large amount of phosphorus is found in 

the bones, in all cell nuclei, and nervous and glandular tissue. 

Ninety-nine per cent of the calcium is found in the skeleton. 

Consequently, an adequate amount of these inorganic substances is 

lB 
essential to health. ^ 

ih   
L. Jean Bogart, Fundamentals of Chemistry. Philadelphia: W. B. 

Saunders Company, 19[|2, p. 211|. 
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Addison^ Disease 

Addison's disease is caused by the hypofunction of the adrenal 

cortex. The adrenal cortex hormones maintain the balance between 

potassium in the body fluids—potassium salts are found inside the 

cells and sodium salts in fluids that surround cells. It controls 

the renal excretion of sodium and chloride ions. 

The level of plasma potassium rises in Addison's disease. The 

lack of cortin probably changes the cell membrane allowing potassium 

to escape into the tissue fluids. There is a lowered concentration of 

sodium in the blood and large quantities of sodium chloride are 

excreted in the urine. An increased potassium intake will also cause 

excessive excretion of sodium. Therefore^ patients with Addison’s 

disease are on a low potassium^ high sodium chloride diet to attempt 

to reduce the blood level of potassium and increase the sodium con¬ 

centration. The sodium chloride increases the sodium in the body and 

acts as an antidiuretic to balance the loss in urine. Extracts of 

adrenal cortex are also administered to help in maintaining the 

balance. 

Potassium salts have been used as diuretics in medicine as they 

tend to increase the flow of urine. When a large amount of potassium 

salt is given by mouth it is excreted in the urine in a short time 

along with an extra amount of sodium chloride. 

Bodansl<y gives some interesting facts concerning the excretion 

of waterj sodium,, and chloride in Addison’s disease that are pertinent 

for clarification at this point: 

It is well established that* although the patient with 
Addison's disease is unable to limit the excretion of sodium 
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and chloride at normal or subnormal levels of sodium intake 
and the associated loss of water* he also exhibits an 
inability to eliminate water at the same rate as a normal 
person...the antidiuretic hormone of the posterior pituitary 
plays an important role in this connection in Addison1s 
disease. 

... a physiological antogonism exists between posterior 
pituitary and adrenal cortical extracts...the essential action 
of the posterior pituitary extract was to increase the 
reabsorption of water and so concentrate the urinej, whereas 
the action of the adrenal cortical extract was to decrease 
the reabsorption of water and so dilute the urine. The 
effect of the antidiuretic homone was most manifest when the 
urine was dilute5 as after the ingestion of distilled water. 
Similarly, the adrenal cortical extract exerted its effects 
most readily when the urine tended to be concentrated after 
the ingestion of saline.... 

The metabolism of water appears to be subject to two 
opposing forces in adrenal insufficiency. It has been 
demonstrated that animals or humans with this condition 
cannot excrete water at a normal rate.... 

On the other hand, the loss of sodium and chloride 
from the body in Addison1s disease leads to a decrease 
of these ions in the extracellular fluid compartment. 
Osmotic readjustments tend to cause an excretion of 
water from the body. In addition fluid may be lost 
because of nausea, vomiting, diarrhea. As a consequence, 
the blood and extracellular fluid volumes decrease, and 
the clinical manifestions of dehydration become evident.... 

The general dehydration and the reduction in the 
blood volume, in association with the reduced blood 
pressure, leads to an Impairment in renal function.... 
the urea nitrogen and, more generally, the nonprotein 
nitrogen constitutents are elevated...this type of 
impairment is characteristic of dehydration and shock 
in general and is reversible, provided that the 
conditions causing it are not prolonged. 0 

Parathyroid Conditions 

The blood level of calcium is controlled by the parathyroid glands* 

■^Bodansky, op. cit. p. 582-5BIT 
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Ninety-nine per cent of the bodyTs calcium is found in the bones. 

Calcium is necessary for the maintenance of a proper rhythm of the 

heart beat. Calcium salts tend to cause greater contractions of the 

heart muscle while sodium and potassium salts cause relaxation. The 

normal alternate contractions and relaxation of the heart are partly 

dependent upon the presence of a certain percentage of calcium salts^ 

and partly upon the proper relationship between calcium,, sodium, and 

potassium salts in the blood and lymph. It has been said that any 

abnormal function produced by sodium or potassium may be brought into 

balance by calcium. 

Calcium is necessary for the coagulation of the blood—a small 

amount is one of the factors necessary for blood to clot. The role of 

the calcium ion is demonstrated by the fact that sodium citrate 

prevents clotting—sodium citrate reacts with calcium to form 

insoluble calcium citrate removing the calcium ions from the plasma. 

Sodium oxalates will also prevent clotting by forming a calcium 

precipitate. When blood is removed for storage a little sodium 

citrate is added to insure against clot formation. Red blood cells 

do not contain calcium. 

Calcium is necessary for the formation of bones and teeth. 

Absence of adequate amounts of calcium from the diet causes 

osteoporosis, a condition in which the hard material of the bones 

17 is thin and porus. When the level of blood calcium decreases the 

patient develops tetany. This condition is characterized by excessive 

muscular contractility due to too low a content of calcium in the 

•^Arnow, op. cit. p. 337 
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blood and lymph. An active parathyroid gland will correct the condition 

accompanied by an increase in blood calcium. However, if the blood 

level of calcium is considerably increased coma may result. 

It is essential that muscles be bathed in solutions of the right 

osmotic pressure and of proper relative proportions of various 

elements in order for muscles to function properly. The parathyroid 

hormone regulates the exchange of calcium between the bones and body 

fluid. It is by this mechanism that the body calls upon the bone to 

supply calcium for its various tissues in time of need. Overactivity 

of the parathyroid results in decalification of bone. It might be 

pointed out here the relationship of vitamin D and calcium metabolism. 

Vitamin D tends to deposit calcium in the bones and enables efficient 

absorption and utilization of calcium salts. 

Anemia 

There are a group of anemias that are due to a deficiency of 

iron. Chronic blood loss is a frequent cause of this type of anemia. 

Disorders of the alimentary tract such as achlorhydria, chronic 

diarrhea, and hookworm infestation may cause a deficient absorption 

of iron. Women with heavy menses and pregnant women—increased iron 

requirements due to presence of fetus—have higher iron requirements 

and need the diet supplemented with iron. A newborn has enough iron 

stored in the body for approximately six months so they are able to 

live chiefly on milk, but a newborn may develop a severe iron deficiency 

if kept on a milk diet too long. 

Iron is needed to build hemoglobin in the blood. Most foods 
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contain iron but liver, egg yolk, whole grains, other meats, and green 

vegetables are the richest sources. The absorption of iron from the 

gastrointestinal tract depends largely on the conversion of iron into 

ferrous ion (iron at its lowest valence). Iron in the food is 

converted into an ionic form in acid solution by the hydrochloric 

acid of the gastric juice. This ferric ion is reduced to the ferrous 

form—which is readily absorbed—by the duodenal secretions. Follow¬ 

ing absorption the iron is stored in the liver, spleen, or passes to 

the bone marrow to be synthesized into hemoglobin. Another important 

role of iron is as a catalyst in the oxidation-reduction reaction in 

tissues which results in transformation of potential energy. 

As other diseases are discussed, the use of other inorganic 

salts could be integrated in the learning experience; for example, 

the function of iodine in the study of thyroid conditions. Iodine 

composes 65 per cent of thyroxine —the hormone secreted by the 

thyroid gland. Without iodine in the diet thyroxine cannot be formed 

resulting in hypothyroidism. Rickets is caused by inadequate amounts 

of phosphorus. Phosphorus is much better utilized in the presence of 

vitamin D. Usually adequate amounts of vitamin D will prevent rickets 

unless the phosphorus intake is very low. In studying the nervous 

system it can be brought out that sodium and potassium increase nerve 

irritability but this action can be definitely reduced with calcium 

and magnesium. Such an antagonism can be illustrated also between 

calcium and magnesium. ”If an animal is given an intravenous 

injection of a magnesium salt, anesthesia will result. An injection 

of a much smaller amount of calcium will immediately cause the 



At all times the body maintains an anesthesia to disappear." 

unequal but constant distribution of these ions in tissues and fluids 

producing an optimum for transmission and execution of nerve impulses 

Diarrhea and Vomiting 

Diarrhea causes a lowering of the sodium bicarbonate of the 

blood resulting in acidosis. Sodium bicarbonate is one of the 

important buffer salts of the blood. Inorganic salts serve another 

important function as buffers—salts of weak acids or bases which 

have the ability to neutralize acids and bases preventing large 

19 
changes in pH (an abbreviation for "power function" of (H+). The 

normal pH of the blood is about faintly alkaline. All the 

secretions of the intestinal tract contain sodium bicarbonate which 

is normally reabsorbed, but in diarrhea the sodium bicarbonate 

present in the intestine is lost through the stools. The result is 

a lowering of the sodium bicarbonate level of the blood. 

In any condition in which acids enter the blood the blood 

sodium bicarbonate is lowered. It is low in ketosis*-—result of 

impaired carbohydrate metabolism—-which may cause diabetic 

acidosis; ketosis may result from severe liver damage causing 

acidosis. Other examples are eclampsia; severe exercise—-due to 

lactic acid; uremia—acid phosphates and sulfates cannot be 

eliminated from the body at a normal rate in this condition. 

Acidosis is accompanied by dehydration if the water intake is not 

increased. 

18 

19 
Goostray and Schwenck, op. 
Arnow, op. cit. p. 121. 

cit. p. 3li9 
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Vomiting causes a rise in the sodium bicarbonate of the blood 

resulting in alkalosis. The gastric juice contains hydrochloric acid 

and when this acid is formed the chlorine is removed from the sodium 

chloride in the blood and hydrogen is removed from the water. The 

sodium and hydroxyl radical set free in this process react with 

carbon dioxide to form sodium bicarbonate—the secretion of hydro¬ 

chloric acid in the stomach causes a simultaneous increase of the 

sodium bicarbonate in the blood. In vomiting, the hydrochloric acid 

in the stomach is continually being lost—the stomach cells continue to 

make more, consequently the sodium bicarbonate is increased faster' 

than it can be eliminated resulting in alkalosis. Increased water 

intake is necessary to avoid dehydration. 

Water in the Body 

Water is the most abundant compound in the living tissues and 

plays an important part in metabolism. The younger and more active 

tissues are the more water they contain. Most of the chemical re¬ 

actions of the tissues could not take place without water as it is 

the best of all solvents. 

The water of the blood stream distributes heat uniformly 

throughout the body. About 90 per cent of the heat lost from the 

body is through evaporation of water from the lungs and skin. This 

is a major factor in temperature regulation. The amount of heat lost 

from the body is controlled through altering the amount of blood sent 

to the surface and the amount of perspiration. Heat is produced in 

the body by the slow combustion of food in the presence of oxygen. 
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Vital processes of the body depend upon the maintenance of a certain 

degree of heat. Body temperature is a measure of the degree of heat 

of the body. With a rise in body temperature the rate of heat 

production in the body increases about 7 per cent for each degree 

20 
Fahrenheit. An increase in the water intake is needed for 

dissipation of this extra heat. Most biochemical reactions are 

effected through the action of enzymes which are sensitive to 

temperature changesj therefore, a rise or fall of a few degrees may 

inactivate the enzymes so that the continuity of energy exchanges 

will be retarded. 

Water is essential for the process of digestion—the breaking 

down of complex substances into simpler substances by means of 

chemical reaction with water; it is necessary for the proper elimi¬ 

nation of waste materials—urine and moisture to lubricate passage 

of feces; acts as a lubricant in helping to keep moist such surfaces 

as the mucous membranes and joints. Other functions of water in the 

body have been previously mentioned such as maintaining the proper 

degree of dilution in the tissue fluids, providing a fluid medium 

for transporting food materials to and waste materials away from the 

tissues, and keeping most of the constitutents of the cell content,, 

in solution so that chemical changes can take place. 

20 
Arnow, op. cit. p. 33i|. 
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Radioactive Isotopes 

There are a number of radioactive isotopes available for use 

in diagnosis and treatment of disease. 

The value of radium in the treatment of cancer is due to the 

fact that the penetrating rays it gives off tends to destroy cancer¬ 

ous cells more rapidly than normal cells, however, it produces 

severe burns and must be handled with great skill and caution. 

Radium is in a process of constant disintegration with the pro¬ 

duction of a relatively large amount of heat. One gram of radium 

in its disintegration produces about 100 calories of heat every 

hour. Radium has a very long half-life and because of this ,is 

usually placed in the vicinity of the cancer in a suitable contain¬ 

er so that it can be removed after the patient has received as much 

irradiation as healthy tissues can stand without injury. Radium is 

harmless only if it is in very thick lead containers. When a person 

is working with radium they should use a lead screen between the 

radium container and themselves. The effect of radium lessens, the 

greater the distance is from the tissues to which it is exposed. 

Thus, radium is always handled with long tongs. 

Radon is a gas and this is drawn off under vacuum into sealed 

pieces of gold tubes which-are divided into short lengths called 

radon seeds or implants. These implants are inserted into the 

cancer or around its periphery, but it is not necessary to remove 

these since radon only has a half-life of 3*82 days. 

Radioactive phosphorus is used in the treatment of leukemia, 

which is characterized by a rapid production of white blood cells. 
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"White blood cells contain a high percentage of phosphorus and probably 

because these cells are multiplying much faster than most other cells 

in the body, the radioactive phosphorus isotope tends to concentrate 

in these cells destroying some by radiant energy. This therapy 

appears to lessen the symptoms which is important to patient comfort 

even though it does not cure the patient. Radioactive phosphorus has 

been used in erythremia to control the over production of red blood 

cells. 

Radioactive iodine is used in the treatment of cancer of the 

thyroid gland. Iodine concentrates mainly in the cells of the 

thyroid. Radioactive iodine tends to localize in the cancerous 

thyroid cells even though the cancer may have metastasized to other 

parts of the body. Compounds containing radioactive iodine have been 

placed in the chest cavity to aid in eliminating the pleural effusion 

that may be present from lung cancer. Also, an isotope of gold, hav¬ 

ing a relatively short half-life, has been used in the form of a 

colloidal dispersion of the metal to attempt to prevent the pleural 

effusion of these patients. It is used in a way similar to the use 

of radon seeds. Radiogold has been used intravenously to treat 

patients with chronic leukemia. 

Other radioactive isotopes are being used such as gallium whose 

salts tend to concentrate in the bones and is used in the treatment of 

bone cancer; radioactive cobalt which has a long half-life and is a 

powerful gamma ray emitter is being used as a substitute for radium; 



radioactive iron salts can be used to determine the total circulating 

21 
red cell volume in patients. 

21 
Arnow, 0£. cit. p. 165. 



V. SUMMARY 

The aims of this study were (l) to compile the major inorganic 

chemistry concepts that any college student should appreciate and 

understand as a result of taking courses in inorganic chemistry; 

(2) to identify organizing centers for learning in which the clinical 

faculty may direct the process through which learning takes place. 

Application is made of these concepts to nursing giving the nursing 

student tools with which she plans and gives nursing care more 

intelligently. 

The problem originated, essentially, from the trend in colle¬ 

giate nursing to broaden the education of the professional nurse, yet 

to prepare the nursing student in the shortest possible time. This 

has meant an integration of courses based on fundamental natural and 

physical scientific principles and a closer look at the learning¬ 

teaching process. It is essential to develop the nursing student’s 

powers of critical inquiry in order to achieve this goal. The 

student must be motivated and directed to learn to think. 

The study dealt with chemistry in which the faculty of Montana 

State College School of Nursing were encountering problems in 

achieving the goals set forth by the nursing profession at the 

present time. Chemistry was chosen because it is a prerequiste to 

many other courses which nursing students are required to take. Ten 

major concepts of inorganic chemistry were compiled. Eight organiz¬ 

ing centers for learning and teaching were analyzed with a particular 

focus toward assisting the nursing student to make the application of 
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inorganic chemistry concepts to nursing. These learning centers were 

examples of how the concepts could be utilized. 

The field of chemistry lends itself to adaptation of the subject 

matter as a beginning point in curriculum organization. The student 

learns the "why" of the process taking place in the body which is in 

itself a sound foundation for giving safe patient care. The learning 

process is not terminated with the subject matter approach to the 

patient; the learning process also embodies the learner and the 

processes through which behavioral changes occurs. These same 

organizing centers for learning could be used with a different focus 

originating in other disciplines basic to nursing principles. The 

student would be motivated to refer to pertinent sources to increase 

her knowledge of the patients and their disease conditions. 

This material should be used very effectively in the beginning 

quarters of the student’s hospital experience. The same material 

could be reviewed with senior students at which thne it should take 

on a broader and deeper focus due to the student’s intervening 

experiences. There are two areas in which the material could be 

evaluated based on the assumption that learning is a change in 

behavior. The body of knowledge learned can be evaluated; the 

transfer of learning that has taken place can also be evaluated. 

This study has implications for auxiliary nursing personnel. 

The material could be adapted to give practical nurses a better 

understanding of the basic principles underlying nursing care. 

This study could be used by clinical faculty to more effec¬ 

tively assist the student in making the application of inorganic 



chemistry concepts to nursing. It is recognized that in order for 

the material to be of use to instructors, they would need a back¬ 

ground of chemistry and be so motivated as to feel and think it was 

Important to give this particular emphasis to clinical teaching. 

There is need for future research to determine to what extent 

the nursing student’s recognition of these concepts, as they apply 

to nursing, is increased. The data collected could be used by a 

selected group of clinical instructors and students. The students 

would be tested before and at the termination of their hospital 

experience. The evidence obtained would either support or disprove 

the hypothesis of this study. The assumption of the investigator is 

that it would support the hypothesis. This area of study is just a 

beginning toward the broadening and deepening of these concepts in 

the professional nursing experience^ Further research is needed to 

make certain the process is taking place and the desired behavioral 

changes are occurring. 
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