
Electrolytes used in acid base balance  
Sodium bicarbonate 

Molecular formula: NaHCO  •  
Sodium bicarbonate contains not less than 99.0 
% and not more than 101 % of sodium 
bicarbonate. • 
Sodium bicarbonate occurs as a white odourless 
crystalline powder or granules. 
It is soluble in water (1 in 12); partially soluble 
in alcohol. 
Alkalinity increases on standing, agitation or 
heating.  
Storage:It is stored in well closed containers. •  
Sodium bicarbonate when mixed with calcium 
or magnesium salts, cisplatin, dobutamine 
hydrochloride or oxytetracyclin forms insoluble 
precipitates. • The following drugs are 



susceptible to inactivation on mixing with 
sodium bicarbonate; adrenaline hydrochloride, 
isoprenaline hydrochloride and succimethonium 
chloride. 

Solutions of sodium bicarbonate are used as eye 
lotions, to aid the removal of crusts in blepharitis, 
as eardrops to soften and remove ear wax, and as 
lubricating fluid for contact lenses.an antacid to 
relieve dyspepsia. acute poisoning from acidic 
drugs (phenobarbitone and salicylates) 
diarrohoea used in the treatment of metabolic 
acidosis  

Sodium acetate  
Molecular formula:    CH COONa  
Molecular weight: 84 •  



Sodium acetate contains not less than 99.0 % 
Colour: colourless or white Form: Transparent 
crystals, granular powder  
Odour: Acetic acid odour  
Taste: Strong Solubility: Soluble in water & 
alcohol  
Storage: store in air tight containers   
Uses: An effective buffer in metabolic acidosis. It 
is used as pharmaceutical aid (for peritoneal 
dialysis fluid) 
 
 
 
 
PREPARATION: 
 
 



 
 
 

 
 
 
ASSAY:  
Weigh accurately about 200 mg of the sample 
obtained in the test for "Loss on drying". Dissolve in 



40 ml of glacial acetic acid, add 2 drops of crystal 
violet TS, and titrate with 0.1 N perchloric acid in 
glacial acetic acid. Perform a blank determination, 
and make any necessary correction. 
Each ml of 0.1 N perchloric acid is equivalent to 
8.203 mg of C2H3NaO2. 
 
 
 

 Potassium acetate 
 Molecular formula: CH COOK  
Molecular weight: 98  
Potassium acetate contains from 99 to 101.0% of 
CH3COOK.  
Colour:colourless Form: Crystalline powder  
Odour: Faint acetic acid odour  
Solubility: soluble in water & alcohol  
pH: 7.5 to 9.5 



 Storage: Store in a well closed container  
Uses: To Acid –base balance To make Water –
electrolyte balance 

METHOD OF ASSAY  
Dissolve about 200 mg of the dried sample, 
accurately weighed, in 25 ml of glacial acetic acid. 
Add 2 drops of crystal violet TS, and titrate with 0.1 
N perchloric acid in glacial acetic acid. Perform a 
blank determination, and make any necessary 
correction.  
Each ml of 0.1 N perchloric acid is equivalent to 
9.814 mg of C2H3KO2 
PREPARATION: 
It can be prepared by treating a potassium-
containing base such as potassium 
hydroxide or potassium carbonate with acetic acid: 

CH3COOH + KOH → CH3COOK + H2O 



 
 

 Sodium citrate  
Molecular formula: C6H5Na3O7  
Molecular weight: 258  
Sodium citrate contains about 99% of 
C6H5Na3O7.  
Colour: white Form: Granular crystals 
Deliquescent in moist air  
Solubility: Freely soluble in water, Insoluble in 
alcohol  
Storage: Store in a tightly closed container 

uses It is used as 1.systemic alkalizer 2. It has 
anticlotting properties. 3. It is also used for 
dentifrices as desensitizing agent. 4. It also has a 
diuretic effect due to increased body salt 
concentration. 



Assay. Dissolve about 0.15 g, accurately weighed, in 20 
mL of glacial acetic acid R1, heat to about 50°C, allow 
to cool to room temperature, add 0.25 mL of 1-
naphtholbenzein/acetic acid TS, and titrate with 
perchloric acid (0.1 mol/l) VS until a green colour is 
obtained  

Each mL of perchloric acid (0.1 mol/l) VS is equivalent 
to 8.603 mg of C6 H5 Na3 O7 .  

Preparation 
Sodium citrate is not sold in supermarkets, but it is easy to 
prepare from the commonly available products: 
 citric acid, usually available as 

monohydrate C3H5O(COOH)3·H2O, and 
 baking soda: NaHCO3 
by reaction: 



3NaHCO3 + C3H5O(COOH)3 → C3H5O(COONa)3 + 
3CO2(g) + 3H2O 
To prepare sodium citrate, dissolve some citric acid in 
water and gradually add small portions of soda. Every 
time you put new portion of soda, intensive reaction will 
start, producing lots of CO2 gas. 
Continue adding soda until the reaction stops (you'll need 
quite a lot of it). The process looks simple, but it took 
several hours, because adding large portions soda makes 
reaction too intense, producing lots of foam. To grow the 
crystals on the top photo I used only 50g of citric acid, so 
you don't need really much of it. 

Ammonium Chloride 
 Molecular formula : NH Cl  
Molecular weight:53.4  



It is a sterile solution of ammonium chloride in 
water for injection. It contains not less than 99.5 % 
and not more than 105 % with reference to dried 
substance.  

 
 
It is a product of the Solvay process used to 
produce sodium carbonate:[3] 

CO2 + 2 NH3 + 2 NaCl + H2O → 2 NH4Cl + 
Na2CO3 

In addition to being the principal method for the 
manufacture of ammonium chloride, that method 
is used to minimize ammonia release in some 
industrial operations. 
Ammonium chloride is prepared commercially by 
combining ammonia (NH3) with either hydrogen 



chloride (gas) or hydrochloric acid (water 
solution):[3] 

NH3 + HCl → NH4Cl 
Ammonium chloride when dissolve in water form 
acidic solution. Reaction between ammonium 
chloride and  
sodium hydroxide produces some new compounds 
like ammonia, water and sodium chloride. Ammonia 
gas  
liberated  may  combine  with  hydrochloric  acid  to  
form  ammonium  chloride  and  hence  direct  
titration  of  
ammonium chloride with sodium hydroxide produce 
erroneous results. 
 
 



So for the titration of ammonia chloride with base, 
the addition of formaldehyde would improve the 
titration.  
The ammonium chloride reacts with formaldehyde 
to form hexamethylene tetramine. Because the weak 
acid  
ammonium (pKa 9.3) is converted to the stronger 
hexamethylene tetramine ion (pKa 4.9). This 
improves the  
end point. 
 
 

Potassium bicarbonate 
Molecular formula: KHCO   

Molecular weight: 100.115 
Colour: colourless  
Odour: odourless 



Taste: Basic and salty taste  
Solubility: soluble in water Uses: To treat 
Hypokalemia To make normal functioning of 
heart Used as a mineral supplement 

Assay: 
Dissolve the Sample in 100 mL of water, add methyl 
red TS, and titrate with 1 N hydrochloric acid VS 
Add the acid slowly, with constant stirring, until the 
solution 1.0% of potassium acetate. becomes faintly 
pink. Heat the solution to boiling, cool, and continue 
the titration until the pink color no longer fades after 
boiling. Each mL of 1 N hydrochloric acid is 
equivalent to 100.1 mg of KHCO3. 
  
 
 



 
Sodium lactate 

Molecular formula: C H NaO   
Molecular weight: 112  

Colour: white Form: Powder , Hygroscopic in 
nature  
Taste: Saline taste Solubility: Soluble in water  

Uses: Systemic and urinary alkalizer Electrolyte 
Replenisher 













































































 
 
 
 
 
 
 
 
 
 
 
 
  Dental Products 



Introduction 
• Dental hygiene is very important. 
• A large no.of inorganic chemicals and their preparations find application in the practice of dental and oral disorders 
• Dental products include- 
 Anti-caries agents 
 Cleaning agents/ Dentifrices 
 Polishing Agents 
 Desensitizing agents 
 Oral antiseptics and astringents 
 Mouthwashes 
 Cements and Fillers 



 
 Tooth 

• Tooth consists of 3 layers 1. Dentine- It surrounds the pulp cavity and extends throughout the entire portion of tooth. 75% mineral 2. Cementum- It is the layer covering the portion of the lying buried in the gum 3. Enamel- white, hard material covering the portion of tooth projecting above the gum.98% mineral-hardest part of the body 
• Vit A , C and D are necessary for proper tooth formation. • Vit A deficiency causes hypoplastic enamel (imperfectlycalcified) • Vit C deficiency affects calcification of dentine 
• Vit D is important for absorption of Calcium from GIT and proper deposition of calcium and phosphorus in tooth 



Anti caries Agents 
• Dental caries or tooth decay is caused by acid produced by the action of microorganism or carbohydrates- involving decalcification of tooth accompanied by foul odour. • Exact cause and mechanism not known 
• Proposed mechanism- 1. Dental caries starts on the surface of the teeth 2. Acids produced by bacterial metabolism of fermenting carbohydrates act on teeth and produce lesions where bacteria get localised. 3. Demineralisation of enamel takes place ( which initially appears as a white , chalky area and eventually becomes brown or yellow)  Dental caries if not treated , then micro-organisms may invade the pulp causing inflammation and infection 



Prevention of dental caries  
• Maintaining dental hygeine with the help of dentrifices- Dentrifices enhance removal of dental plaque and stains 
• Flossing and brushing regularly 
• Administration of Fluoride 
(Anti caries agents- Sodium Fluoride, Stannous Fluoride, Sodium Monofluorophosphate U.S.P) 



Role of Fluoride 
• Role of fluoride in preventing dental caries is well accepted. 
• Administration of traces of fluoride having salts or their use topically to the teeth have reported encouraging results 
• Fluoride ion is a trace element which occurs in the body. 



     

• Water fluoridation as well as topical fluoride applications (e.g. fluoridated toothpaste or varnish) appears to prevent caries, primarily on permanent dentition. 
• Topical fluoride sustains the fluoride levels in the oral cavity and helps to prevent caries, with reduced systemic availability. 
• Fluoride can affect both the inorganic tooth structure & the bacterial metabolism in plaque, several 



• The main in organic constituent of tooth and bone is hydroxy apatite (HAP). • Hydroxy apatite on addition of fluorine results in the formation of flour apatite (FAP) or fluoridated hydroxy apatite because not all the hydroxyl groups are replaced by fluorides. • A pure fluorapatite crystal would contain 38,000 ppm F but enamel form a fluoridated area contain only 500 to 2000 ppm. • This leads to speculation on several possible mechanims of action of systemically ingested fluoride improved crystalinity, the void theory, FAP V/s HAP solubility in acid & improved tooth morphology 



Proposed Mechanism of action of fluorides 
• Reduced enamel solubility-decreased solubility of fluoridated enamel is that fluorapatite (with a solubility product constant of 10-60) is less soluble than hydroxyapatite • Improved crystallinity- Fluoride increases the crystal size and produces less strain in crystal lattice. 
• Promotion of reminerlization- Dissolved enamel Minerals of tooth enamel are continuously inexchange with the minerals of saliva and thusthe balance is maintained. This Equilibrium can get disturbed with the organic acidproduced by the metabolism of fermentable carbohydrates by the microorganism. Thisleads to drop in PH. of the plaque on the enamel surface and in the sub surface.Minerals, particularly calcium and phosphate leave the dissolved enamel in their ionic form an entrace the plaque fluid. This process iscalled deminerilization this get reverrse with the factor like fluoride and is terms reminerilization. 



• Lower free surface energy- void in the crystals decreases the stability and increases chemical reactivity. If fluoride fills these void in the hydroxy apetite crystals it will attain stable from with formation of more and stronger hydrogen bonds. Greater stability will leads to lower solubility and hence greater resistance to dissolution in acids. • Desorption of protein and bacteria 
• Reduced cariogenic flora - . fluoride is a potent suppressor of the bacterial growth because it oxidizes the thiol group present in bacteria thus inhibiting bacterial matabolism. The concentration of fluoride above 2 ppm in solution progressively decrease the transport of uptake of glucose into Cells of streptococci and also reduces ATP synthesis.(Anti bacterial action) The primary assumption in this theory is that dental caries results from a specific pathogen, S. mutans. Thus the elimination or reduction of this pathogen with provide a lasting cariostatic effect. 
• Inhibition of bacterial enzymes systems-Fluoride has enolase inhibition effect and it also inhibits glucose transport, enolase is a metallo enzyme that requires adjavalent cation for tis activity., fluoride due to its increased reactivity forms a complex with this cation. Thus inhibiting the enzyme. It also inhibits non-metallo enzyme like phosphatage thus leading to reduce acid production 



Monographs of Sodium Fluoride 
Title: Sodium Fluoride 
Molecular formula: NaF 
Mol. Wt.: 42.0 
Standard: Sodium Fluoride contains not less than 98.5 per cent and not 
more than 100.5 per cent ofNaF, calculated on the dried basis. 
Category. Preventive for dental caries. 
Description. A white powder or colourless crystals. 
Identification 
A. Dissolve 2.5 g in sufficient carbon dioxide free water without heating to 

produce 100 ml (solution A). To 2 ml of solutionAadd 0.5 ml of calcium 
chloride solution; a gelatinous white precipitate is produced which 
dissolves on adding 5 ml of ferric chloride solution. 

B. Add about 4 mg to a mixture of 0.1 ml of alizarin red S solution and 0.1 ml 
of zirconyl nitrate solution and mix; the colour changes to yellow. 

C. Gives reaction A of sodium salts 



Test: Appearance of solution (clear and colourless) , Acidity or alkalinity, 
Chlorides (NMT 250 ppm), Fluorosilicate ( Absent) , Sulphates (NMT 10 
ppm) , Loss on drying ( NMT 0.5 %) 

Preparation: 
By passing hydrogen fluoride into solution of sodium carbonate. 

                       Na2CO3    +    2HF            Sodium carbonate                Hydrogen Fluoride 
             2NaF   +   CO2   + H2O 

                     Sodium fluoride 
Assay: Non aqueous titration with perchloric acid using crystal violet 

solution as indicator, until a green colour is produced. 
Storage. Store protected from moisture. 
USES 
• 2 % aqueous solution is used topically for treatment of caries. 
• Component of various anti-caries toothpastes 



Dentifrices 
 

• Dentifrice is a material which is used for cleaning of teeth and adjacent gums. 
• The cleaning is dependent on abrasive property and the rubbing force used. 
• They may be applied as pastes or powders with the help of fingers or toothbrush. 
• Flavors and colors are usually added to dentifrice formulations to improve their acceptance 



• Dentifrices are agents used along with a toothbrush to clean and polish natural teeth. They are supplied in paste, powder, gel or liquid form. The most essential dentifrice recommended by dentists is toothpaste which is used in conjunction with a toothbrush to help remove food debris and dental plaque. 
• A good cleaning agent must remove stains from teeth and to achieve this suitable abrasiveness in essential. 
• The main drawback is that it will not be able to clean surfaces inside cavities and cervices between teeth. 



Types of Dentifrices 
• Toothpaste-Toothpaste is a dentifrice used in conjunction with a toothbrush to help maintain oral hygiene. The essential components are an abrasive, binder, surfactant and humectant. Other ingredients are also used. The main purpose of the paste is to help remove debris and plaque with some marketed to serve accessory functions such as breath freshening and teeth whitening. 
• Toothpowder-Tooth powder is an alternative to toothpaste. It comes in both fluoride and non-fluoride versions.



  
 

• Mouthwash-Mouthwashes come in a variety of compositions, many claiming to kill bacteria that make up plaque or to freshen breath.In their basic form, they are usually recommended for use after brushing but some manufacturers recommend pre-brush rinsing. Dental research has recommended that mouthwash should be used as an aid to brushing rather than a replacement, because the sticky resistant nature of plaque prevents it from being actively removed by chemicals alone, and physical detachment of the sticky proteins is required. • Tooth soap-Tooth soap cleans gums as well as fissures and pits in teeth using soap. The soap helps remove oils, residue and other contaminants. It is available in hard, liquid and gel. 



      The functions of toothpaste in conjunction with tooth brushing are: 
✔Minimizing plaque build up 
✔Anti-caries action 
✔Removal of stains 
✔Mouth freshening/odorising 



Examples of dentifrices 
• Calcium carbonate 
• Dibasic calcium phosphate 
• Calcium phosphate 
• Sodium metaphosphate 
• Pumice 



Monograph Calcium carbonate 
Synonym :Precipitated Chalk 
Molecular Formula: CaCO3 
Molecular weight: 100.1 
Standard: Calcium Carbonate contains not less than 98.0 per cent and not more than 100.5 per cent of CaC03, calculated on the dried basis Dose. 1 to 5 g. Description. A fine, white, microcrystalline powder. 
Tests: Substances insoluble in acetic acid: NMT 10 mg Arsenic: NMT 4 ppm Heavy metals: NMT 20 ppm ( Method A) 
Barium 
Iron: NMT 200 ppm 
Chloride: NMT 250 ppm 
Sulphates: NMT 0.3 % 
Loss on drying: NMT 2 % 
 
 



 
 
 
Preparation: 

           Prepared by passing Carbon dioxide gas through lime water. 
         Ca(OH)2   + CO2 
           Calcium Hydroxide          

 
              CaCO3        +     H2O 
                Calcium Carbonate          
 Assay: Complexometric titration Titrant: 0.05 M Disodium edetate Indicator: Calcon mixture End point: Pink to full blue colour 



• Calcium phosphate: Also known as tribasic calcium phosphate/tricalcium phosphate Synonym: Calcium Hydroxide Phosphate; Calcium Phosphate Tribasic Calcium Phosphate consists mainly of tricalcium diorthophosphate together with calcium phosphates of more acidic or basic character Tribasic Calcium Phosphate contains not less than 90.0 per cent and not more than 100.5 per cent of calcium phosphates, calculated as Ca3(P04)2 Category. Pharmaceutical aid (excipient). Description. Awhite, amorphous powder; odourless or almost odourless.  
• Dibasic Calcium Phosphate: Synonym: Calcium Hydrogen Phosphate CaHP04 Mol. Wt. 136.1 (anhydrous) CaHP04,2H20 Mol. Wt. 172.1 (dihydrate) Dibasic Calcium Phosphate is anhydrous or contains two molecules of water of hydration. Dibasic Calcium Phosphate contains not less than 98.0 per cent and not more than 105.0 per cent ofCaHP04(for anhydrous material) or ofCaHP04,2H20 (for the dihydrate). 



      Composition of dentifrice formulation





Desensitizing agents 
 • DENTIN HYPERSENSITIVITY is characterized by short sharp pain arising from exposed dentin in response to stimuli— typically thermal, evaporative, tactile, osmotic or chemical—that cannot be ascribed to any other dental defect or disease. 

• Dentine hypersensitivity is sensation felt when the nerves inside the dentin are exposed to the environment 
• The sensation can range from irritation all the way to intense, shooting pain. 
• This sensitivity can be caused by several factors, including wear , decaying teeth or exposed tooth roots. 



 

 



  Causes of sensitivity 
• Gastroesophageal reflux disease (GERD) 
• Conditions in which person frequently vomits. I.e. Gatrioparesis or bulimia • Gum recession 
• Tooth decay 
• Injured tooth • Broken tooth 
• Chipped tooth 
• Worn down fillings /crowns Sometimes, it is temporary following dental treatments such as filling, crowning and bleaching 



Zinc oxide eugenol cement 
• Zinc oxide eugenol (ZOE) is a material created by the combination of zinc oxide and eugenol contained in oil of cloves. 
• An acid-base reaction takes place with the formation of zinc eugenolate chelate. The reaction is catalysed by water and is accelerated by the presence of metal salts. 
• It has anaesthetic, anti-bacterial properties. 



Composition of ZOE 
 
 

Component Approximate w/w 
% 

Function 
Solids 

Zinc Oxide 69 % Principal ingredient 
White Rosin 29.3% Reduce brittleness of set cement 

and maintain homogeneity 
Zinc acetate 1.0% Accelerator, improve strength 
Zinc stearate 0.7% Accelerator, plasticizer 

Liquids 
Eugenol 85% Reacts with ZnO, act as anaesthetic 
Olive Oil 15% Plasticizer 



Classification of Zinc oxide Eugenol (ZOE) 
• Type –I ZOE: for temporary cementation 
• Type –II ZOE: for permanent cementation 
• Type III ZOE: for temporary filling and thermal base 
• Type IV ZOE: cavity liner 



Uses: 1. ZOE can be used as a dental filling material or dental cement in dentistry. It is often used in dentistry when the decay is very deep or very close to the nerve or pulp chamber. Because the tissue inside the tooth, i.e. the pulp, reacts badly to the drilling stimulus (heat and vibration), it frequently becomes severely inflamed and precipitates a condition called acute or chronic pulpitis. (This condition usually leads to severe chronic tooth sensitivity or actual toothache and can then only be treated with the removal of the nerve (pulp) called root canal therapy. ) 
2. The placement of a ZOE "temporary" for a few to several days prior to the placement of the final filling can help to sedate the pulp. 3. ZOE is used in mucostatic in a technique of taking impressions of gum and teeth 4. It is used as pulp capping agent. 5. Commonly used as cavity liner under dental amalgams or as temporary filling material. 



Important Questions 
• Discuss the role of fluoride in Dental caries 
• Define Dentifrices, Anti-caries agents, Desensitizing agents with examples. 
• Monograph- Calcium carbonate, Sodium Fluoride, Zinc Eugenol cement 
• What are dental products? Discuss their composition and role. 
• What are anti caries agents? Discuss in detail. 

 











                                            



              Major Intra & Extracellular ELECTROLYTES 
  
 

 



                              
 

Major extra and intracellular ELECTROLYTES 



• Chemical substance dissolved in body fluid can be categorized into: 
A. Non-electrolytes: Organic molecules, Do not generate ions in solution form. 
e.g., Glucose, Urea, Creatine etc 
B. Electrolytes: Mostly inorganic substances, Dissociates into ions (+ve/-ve) in the body fluid. 
e.g., Acids, Bases, Salts, few organic molecules like Citric acid, Lactic acid, Oxaloacetic acid etc 

Body: “Both are necessary to perform physiological functions”! 
 



Internal Homeostasis (ionic, osmotic, pH balance) ./Unit II 

Body water – Dissolved Necessary Elements   
 Substance Required 
    
 To: 

Metabolize Nutrients & Drugs 
Generate Energy 

Maintain & Mfg. Body Components 

 
Eliminate: 

by-products & waste 
   



  

Definitions: 
• Osmotic Pressure: concentration of electrolytes (dissolved ions) in each compartment that creates the osmotic pressure that holds water in the appropriate space. 



                                     
  



• Dehydration: state in which water volume is low in all 3 compartments (Intracellular, interstitial & plasma fluid). 
• Edema: State in which fluid accumulates in the interstitial space due to low Oncotic (Protein) pressure. 

         
57 



• Hypovolemia: State in which intravascular volume is low. 
 

 



Salt & water balance: 
• Oral intake of fluid & electrolytes 
• Evaporation of solute – free water across the skin and lungs. 
• Excretion of water & electrolytes through the kidneys : ⇅ output – antidiuretic hormone (ADH) & aldosterone. 

 
 
 
 
  
 
 
 
  

 



• The fluid in each compartment is ionically balanced. 
• Body has the capacity variations in electrolytic fluid compartments.
• If concentration water will migrate to reestablish Osmotic

 
 

 fluid in each compartment is ionically 
Body has the capacity to adjust slight variations in electrolytic concentration compartments. 

 of electrolytes changes migrate across the cell membrane Osmotic equilibrium. 

fluid in each compartment is ionically 
adjust slight concentration of the 

of electrolytes changes – the cell membrane 



Replacement Therapy    
• When body itself fails to correct an electrolyte imbalance. 
Products: 
• Electrolytes 
• Acids & Bases 
• Blood Products 
• Carbohydrates 
• Amino acids 
• Proteins 

  
  



 

 • Mineral salts (inorganic compounds) are necessary within the body for all body process. 
• They are usually required in small quantities. 
• Main elements: 
Calcium & Phosphorus: bone & teeth 
Iron: haemoglobin - convey oxygen & CO2. Na & K: Transmission of nerve impulses & contraction of muscles 

 

Electrolytes 

 



Important Functions: 

 

    
• Control of osmosis of water between body compartments. 
• Maintain the acid-base balance required for normal cellular activates. 
• Help to generate action potentials & graded potentials. 
• Help to control secretion of some hormones (e.g., Aldosterone, Thyroid hormones) and neurotransmitters. 

     



  

• Nature/Properties • Important Role/Major Physiological role 
• ⇅s Sodium (Na+), Chloride (Cl-), Potassium (K+), 

 
 
 
 
Prepare a 

Calcium (Ca2+), Magnesium (Mg2+), Phosphate (H2PO4-,HPO42-,PO43-), 
Bicarbonate (HCO3-) 

Simple Report 

   
 
  

Major Physiological Ions 



  • In a healthy person, at least 70 liters of fluids are exchanged (secreted and reabsorbed) across the walls of the intestines per day. 
• The brain, heart, kidney, and virtually every other vital organ depend on these fluids to function. 
• As the body takes in the water and salts it needs, it loses or excretes those it does not need through urine, stools, and sweat. 
• Thus, the secretion and absorption rates are kept in balance. 

 

 

Electrolytes used in the Replacement Therapy 



• In various condition vomiting or diarrheaoutpouring of water electrolytes (body salts)impairs the capacity electrolytes in our system.
•  To compensate Replacement Therapy / is required. 

“Replace what it Lost” 
• 2 types of solutions 

 

In various condition like prolonged feverdiarrhea creates a tremendous water (heavy loss of water) (body salts) state of dehydrationimpairs the capacity to reabsorb the fluid & system. 
compensate this loss, Electrolyte Replacement Therapy / Oral Rehydration Therapy
“Replace what it Lost” Dr. Perla D. Santos 

2 types of solutions used 
 

fever, sever a tremendous water) & dehydration and the fluid & 
Electrolyte Therapy 



1. A solution for rapid      
Name 

Sodium 
Chlorine 

Potassium 
Bicarbonate 

Calcium 
Magnesium 

 These electrolyte resemble with thefound in extracellular
   
 

 

rapid initial replacement: 
Concentration Range 

130 – 150 mEq/L 
98 – 110 mEq/L 

4 – 12 mEq/L 
 28 – 55 mEq/L 

3 -5 mEq/L 
 3 mEq/L 

 concentrations thus the electrolyte concentrations in extracellular fluids! 
 

 

 closely concentrations 



Name mOsm/Litre 
Sodium 75 

Potssium 20 
Dextrose 75 
Chloride 65 
Citrate  Toal osmolarity in approx. 200ml water 

10  245 
            

 



  
 Name Concentration Range 

Sodium 40 – 120 mEq/L 
Chlorine 30 – 105 mEq/L 

Potassium 16 – 35mEq/L 
Bicarbonate 16 – 53 mEq/L 

Calcium 10 - 15 mEq/L 
Magnesium Phosphorus 03 - 06 mEq/L 0 – 13 mEq/L 

          

2. A solution for subsequent replacement: 



• Sodium Chloride 
• Potassium chloride
• Calcium gluconate
• Calcium chloride 

                   

Properties, Preparation, Assay &
 

chloride 
gluconate 

 

Properties, Preparation, Assay &Uses of  

Properties, Preparation, Assay & 



 



 

• Sodium chloride is an ionic compound 
• It is commonly called as table salt, halite or common salt (99.5% NaCl). 
• It is the salt which is mainly responsible for the salinity of the seawater and for the extracellular fluid which is present in many multi-cellular organisms. 
• It finds its application from household, medicines to industrial processes. 
• Sea water is a major source of this salt. 

 

Sodium Chloride (NaCl) 



Properties: NaCl 
• It is easily soluble in water and partially in glycerine & alcohol. 
• They are white crystals which does not have an odour but possess a taste. 
• In its aqueous state NaCl acts as a good conductor of electricity due to the free movement of the ions. 
• M.P. 801oC 

         
  



Preparation of Sodium Chloride: 
• 1 mol of sodium bicarbonate reacts with 1 mol of hydrochloric acid to generate 1 mol of salt, 1 mol of water, and/or 1 mol of carbon dioxide.  
Procedure: 
• Accurately weigh 5 g of NaHCO3 into evaporating dish. 
• Add 5 to 6 mL of distilled water to the dish to wet the bicarbonate. Cover the dish with a watch glass. 
• Move the watch glass aside slightly and add, in small portions, about 6 mL of concentrated hydrochloric acid from a 10 mL graduated cylinder. 
• After the addition of 6 mL of acid, continue adding acid only as long as CO2 (gas) continues to be evolved. 
• Remove the watch glass and evaporate to dryness over a water bath. 
• Allow the dish to cool, weigh & collect it out the crystals of NaCl. 



• Assay: It is analysed by Precipitation Titration (Mohr’s method) 
NaCl + AgNO3 →AgCl + NaNO3 

Sodium chloride reacts with silver nitrate solution using potassium chromate as an indicator 
2 AgNO3 + K2CrO4 →Ag2CrO4 + 2KNO3 

Reddish brown coloured 
silver chromate 

   
 



Uses: 
• Normal saline (0.9%) that has the same osmotic pressure (isotonic) as body fluids. 
• Wet dressings 
• Hypotonic solution – when patient unable to take fluid & nutrients orally. 
• Hypertonic solution/injections: patients suffers from excessive loss of sodium (1.6% w/v of NaCl).   

 
 



 • Colourless, odourless white granular powder or crystals. 
• It has a saline taste and is stable in air. 
• Soluble in water and insoluble in alcohol. Assay: It is analysed by Precipitation Titration (Mohr’s method) KCl + AgNO3 →AgCl + KNO3 
• KCl reacts with silver nitrate solution using potassium chromate as an indicator 2 AgNO3 + K2CrO4 →Ag2CrO4 + 2KNO3 Reddish brown coloured silver chromate 

 

Potassium Chloride (KCl) 



Preparation: 
Method 1: Potassium chloride can be prepared  by treating potassium hydroxide (KOH) or other potassium bases  (potassium  carbonate, potassium  sulphat)  with hydrochloric acid: 

KOH + HCl → KCl + H2O 
 

• This conversion is an acid-base neutralization reaction. 
• The resulting salt can then be purified by recrystallization. 
Method 2: 
• By allowing potassium to burn in the presence of chlorine gas (exothermic reaction) 

2 K + Cl2  → 2 KCl 
 



   
 

• Potassium replacement (hypokalemia or hypochloremic alkalosis condition). 
• As an isotonic solution – alone 
Or Mixed with NaCl or 5% dextrose solution 
• Paralysis 
• Menier’s syndrome 
• Digitalis intoxication 
Note: cautiously given in heart & 
renal diseases. 

  
 

Uses of KCl 

 



  

• It appears odourless, tasteless, white crystalline granules or powder. 
• Soluble in water and insoluble in alcohol & other organic solvents. 
• Its solution remains neutral to litmus. 
• Decomposed by dilute mineral acids (HCl) into Gluconic acid and Calcium chloride of the mineral acid used. 

Calcium Gluconate 



Assay: By Complexometric Titration 
• An accurate weighed sample is dissolved in small quantity of water, acidified with dil. HCL. 
• To the above solution add 1.0 N NaOH solution, murexide indicator and a solution of naphthol green 

 and titrate against Disodium EDTA (Ethylenediamintetraacetic acid) until deep blue colour develops.   
Uses: Orally, I.V. or I.M. in the treatment of Hypocalcaemia or in calcium deficiency. 
Note:Calcium gluconate injection represents 92 – 103% of calcium gluconate with a pH between 6 - 8.2. 

 
 



  
 Preparation of calcium gluconate 

• To a 200 g of anhydrous glucose in 1000 ml of water, 200 g of bromine are gradually added. • After the reaction is over the excess of bromine is boiled off and the golden-yellow solution is cooled and the volume measured. 
• Add lead carbonate to the above solution - lead gluconate is then formed and this prevents the lead bromide from crystallizing out. 
• The resulting mixture is concentrated and allowed to stand in the ice box for 24 hours, after which the lead bromide is filtered off and washed with a little ice-cold water. 
• In the presence of silver oxide or silver carbonate, and hydrogen sulfide is passed in to remove minute amounts of lead and silver ions in solution. 
• Gluconic acid, is boiled with an excess of calcium carbonate. After cooling, and filtering off the excess of carbonate. 
• Filter & concentrate the solution of calcium gluconate. 

 



• Preparation of calcium gluconate 
• To a 200 g of anhydrous  glucose  in 1000  ml  of water,  200 g  of bromine are gradually added. 
• After the reaction is over the excess of bromine is boiled off and the golden-yellow solution is cooled and the volume measured. 
• Add lead carbonate to the above solution - lead gluconate is then formed and this prevents the lead bromide from crystallizing out. 
• The resulting mixture is concentrated and allowed to stand in the ice box for 24 hours, after which the lead bromide is filtered off and washed with a little ice-cold water. 
• In the presence of silver oxide or silver carbonate, and hydrogen sulfide is passed in to remove minute amounts of lead and silver ions in solution. 
• Gluconic acid, is boiled with an excess of calcium carbonate. After cooling, and filtering off the excess of carbonate. 
• Filter & concentrate the solution of calcium gluconate. 



CALCIUM CHLORIDE 
 CaCl2·2H2O 147.01 
Calcium chloride, dihydrate.  
Calcium Chloride contains an amount of CaCl2 equivalent to not less than 99.0 
percent and not more than 107.0 percent of CaCl2·2H2O.  Preparation: Calcium chloride is mainly produced by reacting limestone (CaCO3) with hydrochloric acid (HCl).                                    CaCO3 + 2 HCl → CaCl2 + CO2 + H2O  It is also produced as a major by-product during manufacture of soda ash (Na2CO3) by the Solvay process, in which limestone is reacted with NaCl solution.      



  Assay—  
Transfer about 1 g of Calcium Chloride, accurately weighed, to a 250-mL beaker, 
and dissolve in a mixture of water and 3 N hydrochloric acid (100:5). Transfer the 
solution to a 250-mL volumetric flask, dilute with water to volume, and mix. Pipet 
50 mL of the solution into a suitable container, add 100 mL of water, 15 mL of 1 
N sodium hydroxide, and 300 mg of hydroxy naphthol blue, and titrate with 0.05 
M edetate disodium VS until the solution is DEEP BLUE in color. Each mL of 
0.05 M edetate disodium is equivalent to 7.351 mg of CaCl2·2H2O. 
 
Packaging and storage— Preserve in tight containers. 
Labeling— Where Calcium Chloride is intended for use in hemodialysis, it is so labeled. 
 



Uses:  
Calcium chloride has several similar uses as sodium chloride, and it is 
used as a food additive, food preservative, for de-icing roads in 
winter, and as brine in refrigeration plants. It is also used as a 
swimming pool chemical, in water treatment plants, and for 
desiccating purposes. It also has applications in metallurgy, oil-well 
drilling, and rubber, paper, dye and paint industries. 
                   



                     
 



 • Electrolytes also play an important role in regulating body’s acid-base balance 
• Body fluids contain balanced quantities of acids & bases. 
Acidity of the solution: No of [H+] present in fluid/solution - ECF 
Sources: [H+] 
• Food 
• Cellular metabolism of Glucose, Fatty acids, & Amino acids etc 
• Reabsorption 

 

PHYSIOLOGICAL ACID-BASE BALANCE 



• Biochemical reactions: Very sensitive to change in pH (acidity/alkalinity) 
e.g., enzyme Pepsin in the stomach– helps in digestion of dietary proteins at low pH. 
enzyme Ptyalin in saliva – helps in digests carbohydrates at pH between 5.4 - 7.5. 

 
 Body Fluid pH value 

Urine 4.5 – 08 
Blood 7.4 – 7.5 

Gastric juice 1.5 – 3.5 
Saliva 5.4 – 7.5 
Bile 6.0 -8.5 

 

Metabolic activity – Produces acid/bases - Alter the blood pH 

Kidney – removes excess acid – make urine acidic 



  Acids-bases are continually taken into & formed by the body, the pH of fluids inside & outside cells remain fairly constant because of the presence of ‘BUFFER SYSTEMS’. 
• Consists of a weak acid & the salt of that acid 
Functions: 
• to convert strong acids or bases into weak acids or bases. 
• to prevent drastic change in pH of the blood. 

 Note: However, it will be effective only if excess acid/alkali excreted out by lungs and/or kidneys. 
 

Buffer Systems 



Types of Buffer systems:  
• Carbonic Acid (H2CO3) – Bicarbonate (HCO3-) Buffer System 
• Phosphate (H2PO4-,HPO42-,PO43-) Buffer System 
• Protein (Hemoglobin/HbH) Buffer System     



Carbonic Acid (H2CO3) – Bicarbonate (HCO3-) Buffer System 
• Major buffer of metabolic acid/base present in Plasma & Kidneys. 
• Regulates blood pH 

 

 



                               



Phosphate Buffer System 
                                  



Protein Buffer System 
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1. Write a short note on radiopharmaceuticals/What are radiopharmaceuticals? 

Enumerate units of radioactivity. 
2. Properties of alpha, beta and gamma rays/Note on behavioural properties of 

different radiations. 
3. Define half life, radioisotopes. 
4. Give an account of clinical applications of radiopharmaceuticals/Applications of 

radiopharmaceuticals in medicine. Give a brief account on the therapeutic and 
diagnostic applications of inorganic radiopharmaceuticals. 

5. Give an account of precautions to be taken while handling and storage of 
radiopharmaceuticals or note on handling and storage of radioactive materials. 

6. Discuss about measurement of radioactivity or S.N on GM counter. Explain 
working of GM counter or Note on scintillation counter. Write a note on GM 
counter. Give preparation, properties and uses of Barium sulphate. 

7. Give uses of Sodium iodide [131], Iron [59 Fe], Cyanocobalamine [57 Co]/study 
of sodium iodide as radioisotope. 
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Questions 
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WHAT ARE RADIOACTIVE SUBSTANCES????  

 Radioactive substances have a property of emitting rays or 
particles which affect the photographic plate.  Forty 
radioactive elements are known which are arranged as 
Uranium series, Thorium series and Actinium series.

 
The elements are known as radioactive because they are 

unstable and undergo decomposition along with emission of 
radiations or rays.

 
The radiations or rays which are emitted are following:
 Alpha rays 
 Beta rays 
 Gamma rays 
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  Any nucleotide which is not radioactive in 
nature is regarded as stable. To be stable, a 
nuclide may possess appropriate energy.

 
  Those nuclides which undergo spontaneous 

nuclear change so as to attain stability by 
emitting radiations are called  as 
radionuclides or radioisotopes.
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Alpha rays 
 These rays or particles have low penetrating power.
 They have positive charge and can be detected by a strong magnetic field.
 They carry two positive charge.
 They have a mass of 4 amu (atomic mass unit)
 Heavy metals have capacity to emit such type of rays.
 All alpha particles are having the same energy.
 The penetrating power of alpha rays is less as compared to other emissions.

 
 Because of low penetrating power of alpha particles, elements which emit 

alpha rays do not find use in biological applications because they cannot 
penetrate tissue.

 
 

 226 88Ra--------------------------- 222 86 Rn + 42 He
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Beta Rays: 
 These have 2 types:
1. Electrically positively charged particles which are called ‘positrons’ 
2. Electrically negatively charged particles which are called ‘Negatrons’ 
 They have greater penetrating power than that of alpha rays.
 Beta particles have negligible mass.
 These particles are usually accompanied by gamma radiation. Beta particles have less 

ionizing power than alpha particles.
 Gamma rays: 

 These have been more penetrating than alpha and beta rays.
 They are having the same character as that of very short electromagnetic waves called 

X-rays.
 They have no mass or charge.
 Gamma rays are produced during disintegration of radioactive substances along with

beta radiation and during nuclear fission. 
 They are uncharged and have poor ionizing power.



 

    

Type of 
radiation 
emitted & 

symbol 

Nature of the 
radiation 

formation, structure, 
relative mass, electric 

charge 

Penetrating power (and 
speed), and what will block 
it (more dense material, 
more radiation is absorbed 
BUT smaller mass or 
charge of particle, more 
penetrating) 

Ionising power - the 
ability to  remove 
electrons from atoms to 
form positive ions, the 
process is called ionisation 

Alpha 
particle 
radiation 

a helium nucleus of 2 
protons and 2 
neutrons, mass = 4, 
charge = +2, is 
expelled at high 
speed from the 
nucleus 

Low penetration, slowest 
speed ,biggest mass and 
charge, stopped by a few cm 
of air or thin sheet of paper 

Very high ionising power, 
the biggest mass and charge 
of the three radiation's, the 
biggest 'punch' in ripping 
off electrons from 
molecules, other ions are 
formed 

Beta 
particle 

high kinetic energy 
electrons 

Moderate penetration Moderate ionizing power 
Gamma Very high frequency 

electromagnetic 
radiation 
mass = 0, charge = 0, 
gamma emission 
often accompanies 
beta decay 

Very highly penetrating The lowest ionising power 
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 What are isotopes?? 



10   

  
 
  

Types of Radionucleotides 
 

1) Natural radionucleotides: 
They include about 40 high atomic weight elements such as Uranium 238, 
Radium 226, which may be alpha, beta, or gamma emitters and also some 
moderate weight elements such as Potassium 40, Rubidium 87. 

 
2) Artificial Radionucleotides 
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What are radiopharmaceuticals? Enumerate units of radioactivity. 
 Units of radioactivity

 
1. Curie ( c ) : Defined as quantity of any radioactive substance which undergoes the 

same number of disintegrations in unit time as of 1 g of radium and is equal to 
3.7 x1010 disintegrations per second. 

 
2. Roentgen: it is the unit of exposure 1R= 2.58 x 10-4 coulomb kg-1  
3. RAD: it is the unit of absorbed dose. Pharmaceutical dosage forms are described 

in RAD units. 
 

4. REM: I t is unit of dose equivalent. 
 

5. Exposure rate constant 
 

6. RBE (Relative biological effectiveness): shows effect of radiation, alpha, beta and 
gamma on the biological system. 



12   

  Production of Radioisotopes:  
They are produced as: 
1) Reactor irradiation: Reactor is having an arrangement of fissionable material in a 
moderator, which slows down the fast neutrons to thermal energies. The fissionable material 
like uranium is taken in the form of rods which are arranged in a lattice pattern and hence the 
neutron flux is maximum in the centre where there is most uranium. A heavy water moderated 
reactor using enriched uranium is having a maximum flux of 1014 neutrons cm-2 s-1 

 

2) Cyclotron 
gamma rays, 

irradiation: While the reactors are able to produce a flux of neutrons and 
accelerating mechanisms can use many other types of bombarding particles 

which  have  been  charged  particles.  They  can  be  accelerated  to  high  velocities  so  as  to 
overcome the repulsive forces of the nucleus. The beam of energetic particles has been small 
and targets for irradiation have to be put in this beam. The number of samples that can be 
irradiated at a time has been limited and the yields has been low. But on the other hand many 
isotopes which otherwise cannot be produced in a reactor could be produced in a cyclotron. 



 

  

Q: Note on handling and storage of radiopharmaceuticals  
 Great care needs to be taken in handling and storage of radioactive materials for 

protecting people and personnel who handle it, from the harmful radiation they emit.
 Certain precautions have to be taken while working with detectors, tracer equipment, 

radio assay manufacturing or handling of radioactive materials.
 

 In order to have protection from hazards of radiation, radioactive materials must be 
stored in an area not frequently visited by people.

 Shielding may be required.
 Thick glass or Perspex containers provide sufficient shielding.
 To protect from gamma rays (high penetration power), lead shielding has to be used.
 The storage area must be regularly checked for radioactivity.

 
RADIOACTIVE LIQUIDS. 
 Working area should not get contaminated with radioactive material.

 
 If radioactive liquid is to be handled, it must be carried in trays with absorbent 

tissue paper, so that any spillage will get absorbed by the paper.
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 Rubber gloves have to be used when working with radioactive liquids.
 Pipettes operated by mouth should never be used.
 Waste of radioactive material has to be stored till its activity becomes low and then

only it should be disposed. 
 
 

PRECAUTIONS While handling and storage of radioactive substances: 
1. One should not touch the radioactive emitter with hand but it should be handled by 

means of forceps. 
2. Smoking, eating and drinking activities should not be handled in laboratory where 

radioactive material is handled. 
3. Sufficient protective clothing and shielding have to be used while handling of 

materials. 
4. Radioactive materials have to be stored in suitable labelled containers, covered 

(shielded by lead bricks) and preferably in a remote corner. 
5. Areas where radioactive materials are stored should be monitored and tested for 

radioactivity regularly. 
6. Disposal of radioactive materials should be carried out with great care. 
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Strict requirements are prescribed by the department of Atomic energy (DAE) for the 
establishment of a radioactive facility in the hospital or pharmacy. 

 
These include specifications for premises, storage space, working area, disposal 
protocol, training of personnel, periodic check on contamination or leakage. 

  



 

  

Give uses of Sodium iodide I-131 
 Used as a diagnostic aid for studying the functioning of the thyroid gland.
 Used in scanning the thyroid for determining the size, position and possible tumour 

location.
 Used in the treatment of severe cardiac disease (Sodium iodide I-131), which 

reduces work load on heart.
 Radioactive iodine in thyroid carcinoma (cancer): The isotope is used most 

frequently after the surgical removal of cancer to treat any residual tumour 
tissues.
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Iron 59: 
 Iron 59 is a beta and gamma emitting isotope. 
 Used in diagnosis to study the iron metabolism and to study the red blood cell 

formation. 
 The preparation is administered orally for studying the absorption of iron 

from GIT. 
 Administered I.V to study incorporation of iron in formation of red blood 

cells. 
 Used to study the formation and destruction of spleen, liver etc. from outside 

the body. 
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Applications of Radioisotopes 
They find use in medicine in 4 different ways: 

 
1. Radioisotopes in Therapy (Emitted radiations used to destroy cells in condition 

like cancer) 
 
2. Radioisotopes in Diagnosis (Radioactive tracers) 

 
3. Research (Biological and medicinal studies by use of radioactive isotopes as 

tracers) 
 

4. Sterilization (For sterilization of pharmaceuticals and surgical instruments) 
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 Applications:  
Diagnostic applications: Radiopharmaceuticals are developed based on the ADME (absorption, 
distribution, metabolism, excretion) properties of the body. By administering a 
radiopharmaceutical to a patient, images of the targeted site can be produced by a gamma camera. 
The images can then be analyzed by the nuclear medicine doctor to detect any medical problems. 
Radiopharmaceuticals are most widely used to detect various forms of cancer. Depending on the 
site for diagnosis there is a specified route of administration. 

 
Therapeutic use of Radiopharmaceuticals: Radioactivity can be used in medicine and  
pharmacy in different areas, the first being radiology, in which an external source of radioactivity 
passes through a patient and radiation is absorbed by more dense tissues and not by less dense 
tissues and an image is ultimately formed. The second is radiation therapy, which treats for tumors 
using  an external  source of radiation  to try and ablate  a tumor.  This requires  lots of radiation in 
very high doses. Nuclear medicine uses an internal source of radiation to be detected externally, 
unlike the two previously mentioned. A patient is injected with a radiopharmaceutical, which has a 
radioactive component that decays and a pharmaceutical component which takes it a desired 
organ. 
Radiopharmaceuticals can be used to destroy malfunctioning cells. This method of therapy is 
called radiotherapy. It can be used for both benign and malignant cancers. In order to destroy the 
diseased tissue, a radionuclide has to emit beta, alpha, or low energy conversion electron emitters. 
Beta radiation is effective for large tumors and alpha radiation is effective for smaller tumors. 
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I) In therapeutics: 
 

 The therapeutically used radioisotopes have been found to depend mainly on 
their ability to ionize atoms.

 The energy measurement involved in radiation and resulting in ionization may 
be expressed in millions of electron volts called MeV.

 The strength of alpha, beta and gamma rays in expressed in MeV.
 All radiations bring about ionization of atoms in their paths.
 The radiation of short wavelength (gamma rays) is having high penetrating

power than long wavelength (beta rays). 
 The greater the MeV of the rays, the more destructive it becomes to the 

surrounding tissues.
 RADIOPHARMACEUTICALS CAN DESTROY MALFUNCTIONING 

CELLS.
 This method of therapy is called radiotherapy. It can be used for both benign 

and malignant cancers.
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Examples: 
 Gold (198 

 
Au) is used in treatment of abdominal and pleural effusions associated 

with malignant tumours. It is given in the form of colloidal gold suspension. 
 Gold (198 Au) also used in treatment of carcinoma of uterus and urinary bladder. 
 Cobalt labelled cyanocobalamine (vitamin B12) is used in diagnosis of 

pernicious anaemia. 
 Sodium iodide preparation finds use in treatment of thyroid disorders. 
 Calcium is used to study bone structure and in carcinoma of bone. 
 Strontium 90 is used in diagnosis of superficial carcinomas. 
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 Radioisotopes may be used internally or externally. 
 If the radioisotope are used externally or used as implants in sealed capsule in a tissue, 

the dose could be terminated by removal or sources. 
 If they are given internally, as unsealed sources, the dose cannot be stopped by the 

removal of the source. 
 The total dose in therapeutic applications may be calculated on the basis of effective 

half life of the isotope, concentration of the isotope and the type and energy of the 
radiation emitted. 
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 In diagnosis: 
 
 

 Radioactive tracers find use in medicine for diagnostic purposes. 
  

1. Labelled cyanocobalamine finds use for measuring the glomerular filtration rate. 
2. Ferric citrate injection finds use for the diagnosis of haematological disorders. 
3. Colloidal gold injection is used diagnostically to study blood circulation in liver. 
4. Sodium iodide injection finds use in diagnosis of proper functioning of thyroid 

gland. 
5. Sodium iodohippurate injection finds use in the study of renal function. 
6. Sodium rose Bengal injection finds use as diagnostic agent to test liver function. 
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 III) In research: 
Excellent biological and 
isotopes as tracers. 

 
medicinal studies have been carried out with radioactive 

 

IV) Sterilization: 
 Excellent use is being made of the radiation constantly available from some strong 

radiation source for sterilizing pharmaceuticals in their final packed containers and 
surgical instruments in hospitals. 

 No heat or chemical gets involved. 
 Thermolabile substances like vitamins, hormones antibiotics can be safely sterilized. 
 Finds use in sterilization of pharmaceuticals. 
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 Calcium (Ca-44 and Ca-45) The radioactive calcium has been used to study bone 
structure and in treatment of carcinoma of bone. 

 

 Strontium -90 Used in the radiotherapy of superficial carcinomas.  
 Cyanocobalamine (Co-57) Used in the diagnosis of pernicious anaemia.  
 Calcium -47 It is having half life of 4.7 days. It is used in calcium 

absorption studies. 
 

 Cyanocobalamine 
(Co-60 Solution USP) 

Used to study absorption and deposition of vitamin B12 
in normal individuals. 

 

 Gold (Au-198) solution Finds use in estimation of reticuloendothelial activity.  
 Iron (Fe-59) Finds use in research studies about utilization and 

absorption of Iron salts. 
 

 



 

  Measurement of Radioactivity 
 
 
 
 
 

To measure the radiations of alpha, beta and gamma particles, many 
techniques involving detection and counting of individual particles or 
photons are used. 
The method selected for the measurement of radioactivity depends upon 
the extent of energy dissipation and penetrability of radiation. 

 
Gas ionization devices: 
1) Ionization chambers 
2) Proportional counters 
3) Geiger Muller counters 
4) Scintillation Counters 
5) Autoradiography 
6) Solid state detectors 
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1) Ionisation Chambers: 
 They are available in various shapes and sizes. 
 An ionization chamber consists of a chambers filled with gas and fitted with two 

electrodes kept at different electrical potentials and a measuring device to 
indicate the flow of electric current 

 Radiation brings about ionization of gas molecules or ions which cause emission 
of electrons which in turn reveals the changes in electrical potential. 
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 2) Proportional counters: 
 They are modified ionization chambers in which an applied potential ionization of 

primary electrons causes production of more free electrons which gets carried to 
the anode. 

 For each primary electron liberated, much more additional electrons get 
liberated, the current pulse through electrical circuit is greatly amplified. 

 The voltage range over which the gas amplification (ionization) occurs is called 
the proportional region, and the counters working in this region are called 
Proportional counters. 
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 They can detect alpha, beta and gamma radiations. 

  

3) Geiger-Muller Counter 
 These are most popular radiation detectors.
 They do not need the use of high gain amplifier.

 
  

 Geiger-Muller counter is having ionizing gas and is also having a quenching 
vapour whose functions are:

1. To prevent the spurious pulses that may get produced due to the positive ions 
(cations) reaching the cathode (- electrode). 

2. To absorb the photons emitted by excited atoms and molecules returning to their 
ground state. 

 

 Chlorine and bromine are generally used as quenching agent.
 Ethyl alcohol and ethyl formate are used as organic quenching agents.
 The filling gas pressure has been much below the atmospheric pressure to avoid use 

of high operating voltages.
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  A GM Counter possesses a cylindrical cathode (- electrode) , which is usually
1-2 cm in diameter, along the centre of which is a wire anode (+ electrode) . 

 The space is filled with a special gas mixture which gets readily ionized 
together, with a small proportion of quenching vapour.

 
 For solid radioactive sources:
 For solid radioactive sources, the end window type GM counter has been the most 

popular. 
 The window has been made of an aluminium alloy, mica or a thin glass bubble. 

Construction: 
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 In order to count the medium and high energy beta particles and for gamma counting, thin 

glass walled counters may be used. 
 They are normally 1 cm in diameter and having a glass wall of 20 – 40 mg cm-2 thickness. 
 The tube is coated on the inside to form the cathode. 
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For radioactive liquid sources: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

It is having a capacity of 10 cm3 in annular space. In such a counter 10 cm3 of 3 % 
solution of Uranium salt gives nearly 10,000 counts per minute. 
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 Operation: 
 When ionizing radiation such as alpha, beta or gamma particle enters the tube, it can ionize 

some of the gas molecules in the tube. 
 From these ionized atoms, an electron is knocked out of the atom and so the remaining 

atom is positively charged. 
 The high voltage in the tube produces an electric field inside the tube. 
 The electrons that were knocked out of the atom are attracted to the positive electrode 

(anode) and the positively charged ions are attracted to the negative electrode (cathode) 
 This produces a pulse of current in the wires connecting the electrodes an this pulse is 

counted. 
 After the pulse is counted, the charged ions become neutralized and the Geiger counter is 

ready to record another pulse. 
 In order for the Geiger tube to restore itself quickly to its original state after radiation has 

entered, a gas is added to the tube. 
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 For proper 
electrodes. 

use of the Geiger counter, one must have appropriate voltage across the 
 If the voltage is too low, the electric field in the tube is too weak to cause a current pulse. 

If the voltage is too high, the tube will undergo continuous discharge and it will be 
damaged. 

 For low voltages, no counts are recorded. This is because the electric field is too weak for 
even one pulse to be recorded. As the voltage is increased, one obtains a counting rate. 

 The voltage at which the GM tube just begins to count is called the stating potential. The 
counting rate quickly rises as the voltage is increased. 

 The rise is so fast that the graph looks like a step potential. 
 After the quick rise, the counting rate levels 0.This range of voltages is termed as pleateau 

region. 
 Eventually the voltage becomes too high and we have continuous discharge. 
 The threshold voltage is the voltage where the plateau region begins. Proper operation is 

when the voltage is in the plateau region of the curve. 
 For best operation, voltage should be selected fairly close to the threshold voltage. 
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Scintillation counters: (For gamma counting) 
 When radiation is incident on certain substances such as phosphor, a flash of light is 

given out. It thus becomes possible to measure alpha, beta and gamma radiations by 
scintillation detectors provided the detector has been suitably modified for the type of 
radiation to be measured. 

 The scintillation counter consists of a cell, a photomultiplier tube which is coupled 
with phosphor or fluorescent material to convert scintillation into electrical pulses, 
amplifier and scaler 
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Radio-opaque contrast media 
 Radio-opaque substances are those compounds (both inorganic and organic) which

are having the property of casting a shadow on X-ray films. 
 These compounds have the ability to stop the passage of X-rays and appear opaque 

on X-ray examination.
 

 BARIUM SULPHATE 
Formula: BaSO4
Preparation: 
1. For pharmaceutical purposes, Barium sulphate is prepared by treating an aqueous 

solution containing Barium ions with a solution containing sulphate ions. 
 

Ba(OH)2 + H2SO4 ---------------- BaSO4 + 2H2O 
BaCl2 + H2SO4 ---------------- BaSO4 + 2HCl 
The precipitated salt is washed, dried and screened.  2. It is also prepared by the action of dilute H2SO4 on BaS 
BaS + H2SO4 ----------------- BaSO4 + H2S 
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 Properties: 
 Heavy
 Fine white bulky powder
 Odourless
 Tasteless
 Free from grittiness
 Insoluble in water
 It may be solubilized by fusing with alkali carbonates.

 
 
 
 

 Uses:
 It is used as a diagnostic drug which is used medicinally in X ray examination. 
 It is administered by enema before X ray examination in the form of Barium meal to 

make intestinal tract opaque to X rays, so that it can be photographed. 
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