Pharmaceutical chemistry lectures for the third course
                                             by assistant of professor   J.Y. Yusifova


Pharmaceutical chemistry 1.  Lecture 1. 
Subject of pharmaceutical chemistry. Principles of drug discovery and development.Classiffication of medicine remedies. Pharmacopoeia. Medicine registration. Internation standards. Identification  reactions  of  ions  and  functional  groups. Drug  metabolism  (biotransformation).  Prodrug. Stereochemistry and drug action.  Bacterial endotoxins test or Limulus Amoebocyte lysate   (LAL-test). Physical and physicochemical  analysis methods. Volumetric analysis methods.





       This lecture is designed for teachers, aspirants, students and magistrates of chemical and pharmacy departments. It has been included on physicochemical properties of drugs, stereochemistry and drug metabolism, biological test, identification reactions of ions and functional groups, volumetric, physical and physicochemical analysis methods.
       Some materials for this lecture was taken from European, British, the United States Pharmacopoeias and different books (look at references).  
        Medicinal chemistry is a chemistry–based discipline, involving aspects of biological, medical and pharmaceutical sciences. It is concerned with the invention, discovery, design, identification and preparation of biological active compounds, the study of their metabolism, the interpretation of their mode of action at the molecular level and the construction of structure-activity relationships (SAR), the relationship between chemical structure and pharmacological activity for a series of compounds.
       Chemistry  may  be  defined  as the  science  that  is concerned  with  the  characterization , composition , and transformations , of  matter.  Chemistry is the defining  science  of  pharmacy .  Everything  about  a  drug, its  synthesis , the determination  of  its  purity, the  formulation  into a  medicine , the dose  given , the absorption  and  distribution  around  the  body, the  molecular  interaction  of  drug  with  its  receptor , the metabolism  of  the drug  and, finally,  the  elimination  of  drug  from  the  body  requires  a  thorough  and  comprehensive  understanding  of  the  chemical  structure  of  the  drug  and  how  this  chemical  structure  influences  the  properties and  behaviour of  the  drug  in  the  body.  For these  reasons,  chemistry  is  the  most  important  of   all  the  scientific  disciplines  contributing  to  the  understanding  of  drugs  and  their  actions  in the body. A good  understanding  of  the  chemistry  of  drugs  will  allow  the  study  of  advanced  topics  such  as  drug  design  and  medicinal  chemistry, molecular  pharmacology  and  novel  drug delivery  systems  that  usually occur  in the  later  stages  of  a pharmacy  or  pharmaceutical  science degree. 
       Medicinal chemistry  or  pharmaceutical  chemistry  is  a  discipline  at  the intersection  of  chemistry  and  pharmacology  involved  with  designing,  synthesizing  and  developing  pharmaceutical  drugs. Medicinal  chemistry  involves  the  identification,  synthesis  and  development  of  new chemical  entities suitable for  therapeutic  use. It also  includes  the study  of  existing  drug,  their  bilogical  properties ,and  their  quantitative  structure -activity  relationships (QSAR).  Pharmaceutical  chemistry  is  focused  on  quality  aspects  of  medicines  and  airm  to  assure  fitness for  the  purpose  of  medicinal  products.
       Medicinal  chemistry  is a highly  interdisciplinary  science  combining  organic  chemistry  with  biochemistry ,computational chemistry , pharmacology , pharmacognosy , molecular  biology, statistics , and  physical  chemistry.     
       Medicinal  chemistry  is  a multifacated  discipline  that  encompasses  synthetic  organic  chemistry, natural  products  chemistry, enzymology , chemical biology , structural  biology and  computational  methods , all of  which  are  aimed at the discovery  and development of new  therapeutic agents. Medicinal  chemistry  is by nature an interdisciplinary  science , and practitioners  have  a  strong  background  in organic  chemistry, compled  with  a broad  understanding  of  biological  concepts  related  to  cellular  drug targets.





                 . Principles of drug discovery and development.     
                                  Classiffication of medicine remedies


1.1. The pharmaceutical  industry, drug  discovery and development

       The pharmaceutical  industry  develops, produces, and  markets drugs  licensed  for  use as  medications.  Pharmaceutical companies  can deal  in organic and /or brand  medications. They  are  subject to  a  variety  of  laws  and regulations  regarding the  patenting , testing  and  marketing of  drugs.

       Discovery  is  the identification  of  novel  active  compounds, often called “hits”  which  are  typically  found  by  screening  many compounds  (compound  library)  for  the  desired  biological  properties.  While a number  of  approaches  toward  the  identification  of  hits  exist , the  most  sucessful  of  technigues  relies  on  chemical  and  biological  intuition  developed  through  years  of  rigorous  chemical–biological  training.  Other  sources  of  hits  can come  from  natural  sources , such  as  plants, animal, or fungi.  Hits  may  originate  also   from synthetic,  chemical  libraries , such as those  created  through  combinatorial  chemistry  or  historic  chemical  compound  collections  that  are  tested  enmasse against be  biological  target in  question .
       Another step  in drug discovery  involves  further  chemical  modifications  in  order  to  improve  the  biological  and  physiochemical  properties  of  a  given   candidate  compound  library.  Chemical  modifications  can improve  the  recognition  and  finding  geometries (pharmacophores) of  the candidate   compounds , their  affinities  and  pharmacokinetics, or indeed their  reactivity  and  stability  during their  metabolic  degradation.  A number  of methods  have  contributed  to  quantitative  metabolic  prediction. The quantitative  structure_activity  relationship (QSAR) of the pharmacophore  play an important  part in  finding lead  compounds, which exhibit  the most potency,  most  selectivity, best  pharmacokinetics  and  least toxicity.
       Drug discovery is the process  by  which  potential  drugs  are  discovered or  designed.  In the past  most drugs  have been discovered  either  by  isolating  the  active  ingredient  from  traditional  remedies or by  screndipitous  discovery.  Modern  biotechnology  often  focuses  on  understanding  the  metabolic  pathways  related  to  a disease state  or  pathogen, and manipulating   these pathways   using  molecular  biology or  biochemistry .  A great deal  of  early –stage drug  discovery  has  traditionally  been carried out by  universities  and  research  institutions.
       Drug  development  refers  to  activities  undertaken  after  a compound is  identified  as  a  potential  drug  in  order  to establish  its  suitability  as  a medication. Objectives  of  drug developments  are  to  determine  appropriate  formulation  and  dosing , as well as  to  establish  safety.  Research  in  these  areas generally includes a  combination  of in vitro studies , in vivo studies , and clinical  trials.  The amount of  capital required  for  large  stage  development has  made it  a  historical  strength  of  the  larger  pharmaceutical  companies. Ofter, large  multinational  corporations  exhibit  vertical  integration , participating in  a broad  range  of  drug discovery  and  development ,  manufacturing  and  quality  control  marketing ,  sales ,  and distribution. Smaller organizations  , on the other  hand,  often focus  on  a specific  aspect  such as  discovering  drug  candidates  or  developing formulations. Often, collaborative  agreements  between  research  organizations  and  large  pharmaceutical  companies  are  formed  to  explore  the potential  of  new  drug  substances.

1.2.Classification  of  medicine  remedies. Sources and  receiving                             
                                            methods of  medicine  substances.

       There are two  main  classifications of  medicine  substances: chemical (chemical structure)  and  pharmacological  (action to organism).
       All medicine  remedies divided into  two groups : inorganic  and  organic drug  substances.   The classsification  of  inorganic drug  substances  is  according  to  Mendeleyev’s  periodical table  and  main  groups : oxides , acids , bases, salts , complex compounds .
       The  classification of  organic  medicine  substances as  in organic  chemistry; use  two  properties: a) the structure  of  carbon  link  or cycle  and  b) nature  of  functional  group.

a) 1.aliphatic (acyclic) compounds
2.aliphatic cyclic compounds:
          2.1. carbocyclic compounds  : alicyclic and aromatic substances.
          2.2. heterocyclic compounds

b) halogen derivatives , alkahols, phenols , simple and combinated ethers , aldehyds  and  its  derivatives ( imins, oxims , hydrazones,  semicarbazons tiosemicarbazons), ketons,  sulfoacids,  carbon acids  and  its  derivatives (salts,  anhydrids,  amides , hydrazids and  others) , nitro  and  nitrozocompounds,  amines, hydrazins  and  azocompounds.
        For  receiving  of  inorganic  drug  substances  are  used  different  minerals , sea  u  lake  waters , from  air, from  the   waste  of  industry.
For  receiving  of  organic  drug  substances  are used :
1) natural  resources :
a) petrol  and  coal  industry  ( vazelin , vazelin oil , phenol and  ethers)
b) from plants - alkaloids , cardiac glycosides, flavonoids , cumarins  and  others ).
c) From  animals - insulin, heparin ,pituitrin, pepsin  and  others.                                      
2) by  synthesis - sulfanilamides , 5–nitrofurans and  8–oxichinolin  derivatives,                          benzodiazepines , barbiturates  and   others.
3) half  synthesis  way  - etilmorphini  hydrochloridum  or  dionin, codein,       halfsynthetic  penicillins,  cephalosporins, tetracyclines, the  derivatives  of  fenotiazin.
4)  microbiological  synthesis -  antibiotics , some  vitamines ,  steroid  compounds  ( cortison  and  others).
                         1.3. Pharmacopoeia. Medicine registration. Internation              
                                                     standards.
       Every  medicine preparation  must  reply  the  requirements  of  State  Pharmacopoeia. Pharmacopoeia - the necessary  requirements  and  standards for  drug  substances. Pharmakon_- drug  and  poeia - preparate. It  means  I preparate.  Pharmacopoeia  belongs  to  standart- technical  documents.  Every  country  has  its  Pharmacopoeia. 
       Pharmacopoeia ( literally,”drug-making”), in  its  modern  technical  sense, is  a  book  containing  directions  for  the  identification  of  samples  and  the  preparation  of  compound  medicines,  and  published  by  the  authority  of  a  government  or  a  medical  or  pharmaceutical  society.  In  a  broader  sense  it  is  a  reference  work  for  pharmaceutical  drug  specifications.
       There  are  national  and  international  pharmacopoeias , like  the  EU  and  the  US  pharmacopoeias. All  the  pharmacopoeias  were  issued  under  the  authority  of  government,  and  their  instructions  have  the  force  of  law  in  their  respective  territories,  except  that  of  the  United  States,  which  was  prepared  by  commissioners  appointed  by  medical  and  pharmaceutical  societies,  and  has  no  other  authority,  although  generally  accepted  as  the  national  text book.
       The  aim  of  the  International  Pharmacopoeia (Ph.Int) which is issued  by  the  World   Health  Organization  as  a  recommendation, is  to  achieve  a  wide  global  uniformity  of  quality  specifications  for  selected  pharmaceutical  products, excipients, and  dosage  forms.
       The  European  Pharmacopoeia  (Ph.Eur.)  of  the  council  of  Europe  is  a  pharmacopoeia, listing  a  wide  range  of  active  substances  and  excipients  used  to  prepare  pharmaceutical  products  in  Europe.
       The  European  Pharmacopoeia  is developed  by the European  Directorate  for  the  Quality  of  Medicines  (EDQM)  and  is  a  part  of  the  Council  of  Europe, Strasbourg,  France. It  has  been  created  by  the  convention  on  the  elaboration  of  a  European   Pharmacopoeia  from  1964.
There  are  the  Biritish  Pharmacopoeia (BP), the  United States Pharmacopoeia (USP), Pharmacopoeia  of  the  People’s  Republic  of  Chine (PPRC)  and  others.
       The   European  Pharmacopoeia  is  widely  used  internationally.  It  is  the  intention  of  the  Commission  to  work  more  closely  with  users  of  the  Pharmacopoeia  in  order  to  satisfy  better  their  needs  and  facilitate  their  co-operation.  To  this  end  improved  procedures  are  being  developed   for  obtaining  advice  on  priorities  for  elaborating  new  monographs  and  enhancing  the  quality  of  the  Pharmacopoeia. The  purpose  of  the  European  Pharmacopoeia  is  to  promote  public  health  by  the  provision  of  recognised  common  standards  for  use  by  health-care  professionals  and  others  concerned  with  the  quality  of  medicines.  
       European pharmacopoeia  is  prepared  by  world  health   committee (WHC) . Every  drug  medicine  has  its number  in  State  register . If  it  has  no its  number,  it  cannot  use  in  medicine . 
       The  State  register  consists  from  three  parts :
       The  first  part - the  general  and  group  number  of  preparations,  there is shown it's name  , register  number  and  drug  form.
       The  second  part – passport of  drug  substances . There is  shown  all  the  stages  from  clinical  experiences  till  producing.
       The third  part  -  the different  documents ( the  registar identification card, insurance for the first two years, certificate for using of preparation,                              the copy of officinal order for producing.
       The way to prepare of medicine forms is following: “ substance pharmacological substancemedicine substancemedicine form”.
       Pharmacology  is  the  study  of  how  substances  interact  with  living  organism  to  produce  a  change  in  function.
       If  substances  have  medicinal  properties, they  are  considered  pharmaceuticals .
       A  drug,  broadly  speaking,  is  any  substance  that ,  when  absorbed  into  the  body  of  a  living  organism ,alters  normal  bodily  function. There  is  no  single,  precise  definition , as  there  are  different  meanings  in  drug  control  law,  government  regulations,  medicine, and  calloguial  usage.  In  pharmacology, a drug  is  a  chemical  substance   used  in  the  treatment, cure, prevention , or  diagnosis  of  disease  or  used  to  otherwise  enhance  physical   or  mental  well-being.  Drugs  may  be  prescribed  for a  limited  duration , or  on  a  regular  bases  for  chronic  disorders.
        Recreational  drugs  are  chemical  substances  that  affect  the  centrol   nervous  system ,such  as  opioids  or   hallucinogens. They  may  be  used  for   perceived  beneficial  effects  on  perception ,  consciousness , personality , and  behavior. Some  drugs   can  cause  addiction  and  habituation.                                 Drugs  are  usually  distinguished   from  endogenous  biochemicals  by  being   introduced  from  outside  the  organism.  For  example,  insulin  is  a  hormone  that  is  synthesized  in the body , it is  called  a  hormone   when  it  is  synthesized  by  the  pancreas  inside  the  body  , but  if  it  is  introduced  into  the  body  from  outside, it  is  called  a  drug.
       Many  natural  substances  such  as  beers , wines ,  and some  mushrooms, blur  the  line  between  food  and  recreational  drugs , as  when  ingested  they  affect  the  functioning  of  both  mind  and  body.
       There  are  some  objects  of  pharmaceutical  chemistry :
       Medicine  substances -  the   individual  substance,  received  from  plants, animals , microbes  or  synthetic  way, which  have  pharmacological  activity.
       Medicine  means ( remedies ) - inorganic  and  organic  compounds,  which  have  pharmacological  activity,  receiving  by  synthesis  from  plants , minerals,  blood, organs  and  tissues  of  man  and  animal, and  also  with  using  biotechnology.
       Medicine  form - it  is  given  for  medicine  means  ( remedies)  and  medicine  plant  means  for  comfortable  using  and  good  treatment  effect.
       Medicine  preparations  -  the  dosage  medicine  means  in  medicine  forms,  which  are   ready  for  using.
       There  are  international   standards,  which  are  established  by  World  Health  Committee.
These  standards  are  following:
                         1.Good  Laboraty  Practice  (GLP)
       GLP  applies  to  non-clinical  studies  conducted  for  the  assessment  of  the  safety  of  chemicals  to  man ,  animals  and  the  environment. GLP  is  a  quality  system  concerned  with  the  organisational  processing  process  and  conditions  under  which  non-clinical  health  and  environmental  safety  studies  are   planned ,  performed, monitored, recorded, archieved  and  reported.
                        
                          2.Good  Clinical  Practice (GCP)
       GCP  is  an  international  quality  standard  that  is  provided  by  international  conference  on  Hormonisation (ICH)  and  international  body  that  defines  standards,  which  governments   can  transpose  into  regulations  for  clinical  trials  involving  human  subjects.  GCP  guidelines  include  protection  of   human  rights  as  a  subject  in  clinical  trial.  It  also  provides  assurance  of  the  safety  and  efficacy  of  the  newly  developed  compounds.
       Good  Clinical  Practice  Guidelines  include  standards  on  how  clinical  trials  should  be  conducted,  define  the  roles  and  responsibilities  of  clinical  trial  sponsors,  clinical  research  investigators,  and  monitors.  In  the  pharmaceutical  industry  monitors  are  often  called  Clinical  Research  Associates.
                   3.Good  Manufacturing  Practice  (GMP)
       GMP  is  part  of  a  quality  system  covering   the  manufacture  and  testing  of  active  pharmaceutical  ingredients, diagnostics, foods, pharmaceutical  products,  and  medical  devices. GMPs  are  guidelines  that  outline  the  aspects  of  production  and  testing  that  can  impact  the  quality  of  a product.  Many    countries  have  legislated  that  pharmaceutical  and  medical  device  companies  must  follow  GMP  procedures , and  have  created  their  own  GMP  guidelines  that  correspond  with  their  legislation.
                    4.Good  Distribution  Practice  (GDP)
       GDP  deals  with  the  guidelines  for  the  proper  distribution  of  medicinal  products  for  human  use.  GDP  is  a  quality  warranty  system  which  includes  requirments  for  purchase,  receiving ,  storage  and  export  of  drugs  intended  for  human  consumption.
       GDP  regulates  the  division  and  movement  of  pharmaceutical  products  from  the  premises  of  the  manufacturer  of  medicinal  products,  or  another  central  point,  to  the  end  user  thereof, or  transport  methods,  via  various  storage  and/or  health  establishments.
	
                                5.  Good  Pharmacy  Practice
       The International Pharmaceutical Federation first adopted the guidelines for Good Pharmaceutical Practice in 1993. These guidelines were developed as a reference to be used by national pharmaceutical organizations, governments, and international pharmaceutical organizations to set up nationally accepted standards of Good Pharmacy Practice.
       The revised version of this document was endorsed by WHO in 1997 and subsequently approved by the FIP Council in 1997. The GPP Guidelines are based on the pharmaceutical care given by pharmacists. The guidelines recommend for national standards to be set:  the promotion  of health;  the supply of medicines, medical devices, patient self-care; improving prescribing and medicine use by pharmacists' activities. 
       An   International  Nonproprietary  Name  (INN;  also  known  as  rINN ,  for  recommended   International   Nonproprietary   Name   or  INN  for  proposed  International  Nonproprietary  Name)  is  the  officinal  non- proprietary  or  generic  name  given  to  a  pharmaceutical  substance,  as  designated  by  the  World  Health  Organisation  (WHO).    The  plethora  of  named  proprietary  preparations  containing  a  given  substance  can  lead  to  confusion  about  the  identify  of  the  active  ingredient. INNS  facilitate  communication  by  providing  a  standard  name  for  each  substance,  they  are  designed  to  be  unique  and  distinct  so  as  to  avoid  confusion  in  prescribing. A  similar  role  is  played  in  chemistry  by  IU  PAC  names, though  those  are  less  suited  to  common  usage,  being  typically  very  long  and  unwieldy.
                             Comparison  of   naming  standards
INN:                                                              paracetamol
Biritish  Approved  Name (BAN):                paracetamol
United  States  Adopted  Name(USAN):        acetaminophen
Other  generic  names:                                   N-acetyl-p-aminophenol, APAP,        
                                                                      p-acetamidophenol, acetamol,…
Proprietary  names:                                Tylenol,Panadol,Panamax,perdolan,Calpol, Atasol, Doliprane, Tachipirina, Ben-u-ron, Adol…..                                  
                                                             
IUPAC  name:                                     N-(4-hydroxyphenyl) acetamide

       A  generic  drug (generic  drugs,  short:  generics)  is  a  drug  which  is  produced  and  distributed  without  patent  protection.  The  generic  drug  may  still  have  a  patent  on  the  formulation  but  not  on  the  active  ingredient.
       A generic  must  contain  the  same  active  ingredients  as  the  original  formation. According   to  the  U.S.  Food  and  Drug  Administration  (FDA),  generic  drugs  are  identical  or  within  an  acceptable  bioequivalent  range  to  the  brand  name  counterpart  with  respect  to  pharmacokinetic  and  pharmacodynamic  properties.  By  extension  ,  therefore,  generics  are  considered  (  by  the  FDA)  identical  in  dose,  strength,  route  of  administration,  safety,  efficacy, and  intended  use.  The  FDA’s  use  of  the  word  identical  is  very  much  a  legan  interpretation ,  and  is  not  liberal. In  most  cases,  generic  products  are  available  once  the  patent  protections  afforded  to  the  original  developer  have  expired.  When  generic  products  become  available ,  the  market  competition  often  leads  to  substantially  lower  prices  for  both  the  original  brand  name  product  and  the  generic  forms.The  time  it  takes  a  generic  drug  to  appear  on  the  market  varies. In  the US,  drug  patents , give  twenty  years  of  protection,  but  they  are  applied  for  before  clinical  trials  being , so  the  effective  life   of  a  drug  patent  tends  to  be  between  seven  and  twelve  years.  Generic  drugs  can  be  legally  produced  for  drugs  where:
1.  The  patent  has  expired;
1. The  generic  company  certifies  the  brand  company’s  patents  are  either  invalid  unenforceable  or  will   not  be  infringed;
1. For  drugs,  which  have  never  held  patents, or
1.  In  countries,  where  a  patent(s)  is/are  not  force.
       Most  nations  require  generic  drug  manufactures  to  prove  that  their  formulation  exhibits  bioequivalence  to  the  innovator  product.  In  the  U.S.,  the  FDA  must  approve  generic  drugs  just  as  innovator  drug   must  be  approved. The  FDA  requires  the  bioequvalence  of  the  generic  product  to  be  between  80%  and  125%  of  that  of  the  innovator  product.
       Bioequivalence   does  not  mean  that  generic  drugs  must  be  exactly  the  same  (“pharmaceutical  equivalent”)  as  their  innovator  product  counterparts,  as  chemical  differences  may  exist  (different  salt  or  ester - a “pharmaceutical  alternative”).
       A  trade  name ,   also  known  as  a  trading  name   or  a  business  name,  is  the  name  which  a   business  trades  under  for  commercial  purposes,  although  its  registered,  legal  name, used  for  contracts  and  other  formal  situations,  may  be  another.
       As   an  example,  the  company  panda  Chemical  Manufactures,  Inc. may use  the   more  friendly   name  Panda  Pharmaceuticals  when  it  holds  itself  out  to  the  public. In  this  example, Panda  Pharmaceuticals  is  the  trade  name.
       Historically, some  segments of  the  pharmaceutical  and  chemical  industry  have  misused  the  phrase  trade  name  as  being  synonymous  with  product  or  brand  name. This practice over the last decade seems to have lessened but still does persist.
                 Identification  reactions  of  ions  and  functional  groups
1.1. Identification  of  cations
Sodium (Na+)
a) Sodium  salts  form  yellow  crystalline  precipitate  with  zinc-uranil-acetas:
Na+ + Zn [(UO2)3 (CH3COO)8] + CH3COOH + 9H2O NaZn[(UO2)3(CH3COO)9].9H2O↓ + H+
b) Dissolve 0,1g  of  the  substance  to  be  examined  in  2ml  of  water  or  use  2 ml  of  the  prescribed  solution.Add  2ml  of  a  150g/l  solution  of  potassium  carbonate  and  heat  to  boiling. No  precipitate  is  formed.Add 4 ml  of potassium  pyroantimonate  solution [KSb(OH)6]  and  heat  to  boiling. Allow  to  cool  in  iced  water  and  if  necessary   rub the  inside  of  the  test-tube  with  a  glass  rod. A dense  white  precipitates  is  formed.
Na+ + KSb (OH)6  → K+ + NaSb(OH)6 ↓ 
c) Dissolve a  quantity  of  the  substance  to  be  examined  equivalent  to  about  2 mg  of  sodium (Na+) in  0,5 ml of  water  or  use  0,5 ml of  the  prescribed  solution. Add  1,5 ml  of  methoxyphenylacetic  reagent (C9H10O3; N(CH3)4OH =C4H13NO, C2H5OH) and  cool  in  ice–water  for  30 min. A  voluminous,  white, crystalline  precipitate  is  formed. Place  in  water  at  200C  and  stir  for 5 min. The  precipitate  does  not  disappear. Add  1ml  of  dilute  ammonia. The  precipitate  dissolves  completely. Add  1ml  of  ammonium  carbonate  solution.  No precipitate  is  formed.
CH3o-C6H4-CH2COOH + Na+ → CH3O-C6H4-CH2COONa + H+   
d) Sodium  compounds  impart  an  intense  yellow  color  to  a  nonluminous  flame.
Potassium (K+)
a) Dissolve  0,1g  of  the  substance  to  be  examined  in  2  ml  of  water  or  use  2 ml  of  the  prescribed  solution. Add 1 ml  of  sodium  carbonate  solution  and  heat. No  precipitate  is  formed. Add  to  the  hot  solution  0,05ml  of  sodium  sulphide   solution. No  precipitate  is  formed. Cool  in  iced  water  and  add 2ml  of  a  150 g/l  solution  of  tartaric  acid . Allow  to  stand. A white  crystalline  precipitate  is  formed.

          COOH               COOK           
         │                         │ 
K+ + (CHOH)2      →    (CHOH)2  ↓   +   H+
               │                         │
          COOH               COOH
                                     White
b) Dissolve  about  40 mg  of  the  substance  to  be  examined  in  1ml  of  water  or  use  1ml  of  the  prescribed  solution. Add  1ml  of  dilute  acetic  acid  and  1 ml  of  a  freshly  prepared  100g/l  solution  of  sodium  cobaltinitrate. A  yellow  or  orange-yellow  precipitate  is  formed  immediately.
2K+ + Na3[Co(No2)6] → K2Na [Co(No2)6]↓ +2Na+
                                           yellow
c)  potassium compounds impart  a  violet  color  to a  nonluminous flame, but  the  presence  of  small  quantitives  of  sodium  masks  the   color  unless  the  yellow color produced  by  sodium  is  screened  out  by  viewing  through  a  blue  filter  that  blocks emission  at  589 nm (sodium) but  is  transparent  to  emission  at  404 nm (potassium).
Ammonium  (NH4+)
       Dissolve   about  20 mg  of  the  substance  to  be  examined  in  2 ml  of  water  or  use  2 ml of  the  prescribed  solution. Add  2ml  of  dilute  sodium  hydroxide  solution. On heating , the  solution  gives  off  vapour  that  can  be  identified  by its odour and by its alkaline  effect upon  moistened  red  litmus  paper  exposed  to  the  vapor. Warming  the  solution  accelerates  the  decomposition.
NH4+ + NaOH → NH3 ↑ + H2O +Na+

Calcium (Ca2+)
a) Solution of  calcium  salts  form  insoluble  oxalates  when  treated  as  follows. To a  solution  of  the  calcium  salt  (1in 20 )  add 2  drops  of  methyl  red,  and  neutralize  with  6 N ammonium  hydroxide. Add  3 N hydrochloric  acid,  dropwise, until  the  solution is  acid  to  the  indicator. Upon the  addition  of  ammonium  oxalate,  a  white  precipitate  is  formed. This  precipitate  is  insoluble  in  6 N acetic  acid  but  dissolves  in  hydrochloric  acid.
               COONH4               COO
Ca2+     +  │           →           │     Ca ↓ + 2NH4+  
               COONH4                     COO

COO                                                    COOH
│      Ca ↓  +  2HCl →  CaCl2  +         │
COO                                                    COOH
b) Dissolve  about  20 mg  of  the  substance  to  be  examined  or  the  prescribed  quantity  in  5 ml  of  acetic  acid. Add  0,5 ml  of  potassium  ferrocyanide  solution. The  solution  remains  clear. Add  about  50 mg  of  ammonium  chloride. A white  crystalline  precipitate  is  formed.
CaCl2 + K4[Fe(CN)6] + NH4Cl → KNH4Ca[Fe(CN)6] ↓ +3KC
                                                              white
c) To 0,2 ml of  a  neutral  solution  containing  a  quantity  of  the  substance  to  be  examined  equivalent  to  about  0,2 mg  of  calcium  (Ca2+) per  millilitre  or to    0,2 ml  of  the  prescribed  solution  add  0,5 ml  of  a 2 g/l  solution  of  glyoxal – hydroxyanil  in  alcohol, 0,2 ml of  dilute  sodium  hydroxide  solution  and  0,2 ml  of  sodium  carbonate  solution. Shake  with  1ml  to  2 ml  of  chloroform  and  add  1 ml  to  2 ml  of  water.  The  chloroform  layer  is  coloured  red.
d) Calcium  salts  moistened  with  hydrochloric  acid  impart  a  transient  yellowish- red color  to  a  nonluminous  flame.
Barium (Ba2+)
a) Solutions  of  barium  salts  yield  a  white  precipitate  with  2 N sulfuric  acid. This  precipitate  is  insoluble  in  hydrochloric  acid  and  in  nitric  acid.
Ba2+ + SO42- → BaSO4 ↓
b)Barium  salts  impart  a  yellowish-green  color  to  a  nonluminous  flame  that  appears  blue  when  viewed  through  green  glass.
Magnesium (Mg2+)
a) Dissolve  about  15 mg  of  the  substance  to   be  examined  in  2 ml  of  water  or  use  2 ml  of  the  prescribed  solution.  Add 1 ml  of  dilute  ammonia. A white  precipitate  is  formed  that  dissolves  on addition  of  1 ml  of  ammonium  chloride  solution. Add 1ml  disodium  hydrogen  phosphate  solution. A  white crystalline  precipitate  is  formed.
Mg2+ + PO43- +NH4+ → NH4MgPO4↓
                                           NH4Cl
MgSO4+Na2HPO4+NH4OH       →      Na2SO4+ NH4MgPO4 ↓ +H2o
b) Ammonia  solutions  of  magnesium  salts  with  8-oxychinolinum  form green-yellow  crystalline  precipitate - magnesium  oxychinolate


This  precipitate  dissolves  in  mineral  acids  and acetic  acid.
Iron (Fe2+  , Fe3+ )
a) Ferrous  and  ferric  compounds  in  solution  yield  a  black  precipitate  with  ammonium  sulfide. This  precipitate  is  dissolved  by  cold  3N  hydrochloric  acid  with  the  evolution  of  hydrogen  sulfide
FeSO4 + (NH4)2S → FeS ↓ + (NH4)2 SO4
Fe2(SO4)3 + 3 (NH4)2S → Fe2S3 ↓ + 3 (NH4)2SO4
Ferrous  salts (Fe2+)
b) Dissolve  a  quantity  of  the  substance  to  be  examined  equivalent  to  about  10 mg  of   iron (Fe2+) in 1ml  of  water  or  use  1ml  of  the  prescribed  solution. Add  1ml  of  potassium  ferricyanide  solution. A blue  precipitate  is  formed  that  does not  dissolve  on  addition  of  5 ml  of  dilute  hydrochloric  acid, but  is   decomposed  by  1N  sodium  hydroxide. With  1N  sodium  hydroxide  solutions  of  ferrous  salts  yield  a  greenish–white  precipitate, the  color  rapidly  changing  to  green  and  then  to  brown  when  shaken.
3 FeSO4 + 2 K3[Fe(CN)6] → Fe3 [ Fe(CN)6]2 ↓ + 3K2SO4
Fe3[Fe(CN)6]2 + 6NaOH  → 3Fe(OH)2 ↓ + 2Na3[Fe(CN)6]

Ferric  salts (Fe3+)
b) Dissolve  a  quantity  of  the  substance  to  be  examined  equivalent  to  about  1mg  of  iron (Fe3+)  in 30 ml  of  water. To 30 ml  of  this  solution  or  to  3ml  of  the  prescribed  solution  add 1 ml  of  dilute  hydrochloric  acid  and  1ml  of  potassium  thiocyanate  solution. The  solution  is  coloured  red. Take two  portions, each  of  1ml, of  the  mixture. To  one  portion  add  5 ml  of  isoamyl  alcohol  or  5 ml  of  ether. Shake  and  allow  to  stand. The  organic  layer  is  coloured pink. To  the  other  portion  add  2 ml  of  mercuric  chloride  solution.  The  red  colour  disappears.

FeCl3 + 3KSCN → Fe (SCN )3 + 3KCl

c) Dissolve  a  quantity  of  the  substance  to  be  examined  equivalent  to  not  less  than  1mg  of  iron (Fe3+)  in  1ml  of  water  or  use  1 ml  of  the  prescribed  solution. Add  1ml  of  potassium  ferrocyanide  solution. A blue  precipitate  is  formed  that  does not  dissolve  on  addition  of  5 ml  of  dilute  hydrochloric  acid. With  an  excess   of  1N sodium  hydroxide, a  reddish- brown  precipitate  is  formed.

4 FeCl3  +  3K4[Fe(CN)6] → Fe4[Fe(CN)6]3 ↓ +12KCl
Fe4[Fe(CN)6]3 + 12NaOH → 4Fe(OH)3 + 3Na4[Fe(CN)6]

Zinc (Zn2+)
a) In  the  presence  of  sodium  acetate , solutions  of  zinc  salts  yield  a  floceulent  white  precipitate  with  hydrogen  sulfide. This  precipitate  is  insoluble  in  acetic  acid,  but  is  dissloved  by  3N  hydrochloric  acid. Ammonium sulfide  produces  a  similar  precipitate  in  neutral  and  in  alkaline  solutions.
ZnCl2 +Na2S → ZnS↓ + 2NaCl
                          white
b) With  potassium  ferrocyanide , zinc  salts  in  solution  yield  a  white  precipitate  that  is  insoluble  in  3 N  hydrochloric  acid.
3ZnSO4+ 2K4[Fe(CN)6] → K2Zn3[Fe(CN)6]2 ↓ + 3K2SO4

c) Dissolve 0,1 g  of  the  substance  to  be  examined  in  5 ml  of  water  or  use  5 ml  of  the  prescribed  solution. Add  0,2 ml  of  strong  sodium  hydroxide  solution. A white  precipitate  is  formed. Add  a  further  2 ml  of  strong  sodium  hydroxide  solution.  The  precipitate  dissolves.

ZnCl2+ 2NaOH → 2NaCl + Zn(OH)2↓
Zn(OH)2 + 2NaOH → Na2ZnO2 + 2H2O

Lead (Pb2+)
a)With  2 N sulfuric  acid,  solutions  of  lead  salts  yield  a  white  precipitate  that  is  insoluble  in  3 N    hydrochloric  or  2 N  nitric  acid, but  is  soluble  in  warm  1 N  sodium  hydroxide  and  in  ammonium  acetate.
b) Dissolve  0,1 g  of  the  substance  to  be  examine  in  1ml  of  acetic  acid  or  use  1 ml  of  the  prescribed  solution. Add  2  ml  of   potassium  chromate  solution.  A  yellow  precipitate  is  formed  that  dissolves  on  addition  of  2 ml  of  strong  sodium  hydroxide  solution.
Pb(CH3COO)2 + K2CrO4 → PbCr2O4↓ + 2CH3COOK

c) Dissolve  50 mg  of  the  substance  to  be  examined  in  1 ml of acetic  acid  or  use  1  ml  of  the  prescribed  solution.  Add  10 ml  of  water  and  0,2  ml  of  potassium  iodide  solution. A  yellow  precipitate  is  formed.  Heat  to  boiling  for  1  min  to  2 min.  The  precipitate  dissolves. Allow  to  cool .  The  precipitate  is  re-formed  as  glistening, yellow plates.

Pb(CH3COO)2 + 2KI → PbI2 ↓ + 2 CH3COOK
PbI2 + 2KI → K2PbI4 (soluble)

d) Solutions  of  lead  salts  yield  a  black  precipitate  with  hydrogen  sulfide.
PbCl2 + H2S → PbS  ↓ + 2HCl
Excess  of  hydrochloric  acid  is  formed orange-red  precipitate  of  lead  sulfochloride (not  full  precipitation) .
2 PbCl2 + H2S → S→   PbCl  ↓ + 2HCl
                                   PbCl
But  add  hydrogen  sulfide  or  solution  of  sodium  sulfide  the  precipitate   is  getting  black, is  formed  lead  sulfide  (full  precipitation)
Bismuth  (Bi3+)   
a) When  dissolved  in  a  slight  excess  of  nitric  acid  or  hydrochloric  acid,  bismuth  salts  yield  a  white  precipitate  upon  dilution  with  water. This  precipitate  is  coloured  brown  by  hydrogen  sulfide, and  the  resulting  compound  dissolves  in  a  warm  mixture  of  equal   parts  of  nitric  acid  and  water.
2Bi(NO3)3 + 3H2S → Bi2S3 ↓ + 6HNO3
Bi2S3 + 8HNo3 → 2Bi(NO3)3 + 2NO ↑ + 3S ↓ + 4H2O
b) Bismuth  salts  yield  a  dark  precipitate  with  potassium  iodide, that  insoluble  in  a  excess  of  reagent (KI); solution  is  getting  yellow-orange.
Bi(NO3)3 + 3KI → 3KNO3 + BiI3 ;
BiI3 + KI → K[BiI4]
c) To  about  45 mg  of  the  substance  to  be  examined  add  10  ml  of  dilute  nitric  acid  or  use  10  ml  of  the  prescribed  solution.  Boil  for  1 min.  Allow to  cool  and  filter  if  necessary. To  5 ml  of  the  solution  obtained  add  2 ml  of  a  100 g/l  solution  of  thiourea (      ). A  yellowish-orange  colour  or  an  orange  precipitate  is  formed. Add  4ml  of  a  25 g/l  solution  of  sodium  fluoride.  The  solution  is  not  decolorised  within  30 min.
Silver (Ag+)
a) With  hydrochloric  acid,  solutions  of  silver  salts  yield  a  white, curdy  precipitate  that  is  insoluble  in  nitric  acid,  but  is  readily  soluble  in  solution  of  ammonium  hydroxide, sodium  thiosulfate and  ammonium  carbonate.
AgNO3 + HCl → AgCl↓ +  HNO3
AgCl + 2NH4OH → [Ag (NH3)2]Cl + 2H2O
AgCl +2Na2S2O3  →  Na3[Ag(S2O3)2] + NaCl
2AgCl + 3(NH4)2CO3 → [Ag(NH3)2]2CO3 + 2NH4Cl + 2CO2↑ + 2H2O
b) A  solution  of  a  silver  salt  to  which  6 N  ammonium  hydroxide  and  a  small  quantity  of  formaldehyde  are  added  deposits, upon  warming, a  mirror  of  metallic  silver  upon  the  sides  of  the  container
2AgNO3 + 6NH4OH → 2Ag(NH3)2 OH + 2NH4NO3 + 4H2O
HC = O + 2Ag(NH3)2OH → HCOONH4 + 3NH3↑ + 2Ag↓ + H2O
         HC=O
	      H

Copper( Cu2+)
a) Solutions  of  cupric  compounds, acidified  with  hydrochloric  acid, deposit  a  red  film  of  metallic  copper  upon  a  bright, untarnished  surface  of  metallic  iron.
b)An  excess  of  6 N  ammonium hydroxide, added  to  a  solution  of  a  cupric  salt,  produces  first  a  bluish  precipitate  and  then  a  deep  blue-colored  solution.
2CuSO4 + 2NH4OH→ Cu2(OH)2SO4+ (NH4)2SO4
Cu2(OH)2SO4+ (NH4)2SO4 + 6NH4OH  → 2Cu(NH3)4]SO4+8H2O
c) With  potassium  ferrocyanide, solutions  of  cupric  salts  yield  a  reddish-brown  precipitate, insoluble  in  diluted  acids.
2CuSO4 + K4[Fe(CN)6] → Cu2[Fe(CN)6]↓ + 2K2SO4

	
Aluminum (Al3+)
       Dissolve  about  15 mg  of  the  substance  to  be  examined  in  2  ml  of  water  or  use  2  ml  of  the  prescribed  solution. Add  about  0,5 ml  of  dilute  hydrochloric  acid  and  about  0,5 ml  of  thioacetamide  reagent  (     ). No  precipitate  is  formed. Add  dropwise  dilute  sodium  hydroxide  solution.
A  gelatinous  white  precipitate  is  formed  which  dissolves  on  further  addition  of  dilute  sodium  hydroxide  solution.    Gradually  add  ammonium  chloride  solution. The  gelatinous  white  precipitate  is  re-formed.
Lithium ( Li+)
a) With  sodium  carbonate  , moderately  concentrated  solutions  of  lithium  salts  made alkaline  with  sodium  hydroxide,  yield  a  white  precipitate  on  boiling. The  precipitate  is   soluble  in  ammonium  chloride.
b) Lithium  salts  moistened  with  hydrochloric  acid  impart  an  intense  crimson  color  to  a  nonluminous  flame.
c) Solutions  of  lithium  salts  are  not  precipitated  by  2 N sulfuric  acid  or  soluble  sulfates (distinction  from  strontium )
1.2. Identification  of  anions 
Chlorides (Cl-)
a) Dissolve  in  2 ml  of  water  a  quantity  of  the  substance  to  be  examined  equivalent  to  about  2 mg  of  chloride (Cl-) or  use  2 ml  of  the  prescribed  solution. Acidity with  dilute  nitric  acid  and  add  0,4 ml  of  silver  nitrate  solution. Shake  and  allow  to  stand. A curdled,  white  precipitate  is  formed.  Centrifuge  and  wash  the  precipitate  with  three  quantities,  each  of  1  ml , of 
water. Carry  out  this  operation  rapidly  in  subdued  light, disregarding  the  fact  that  the  supernatant  solution  may  not  become  perfectly  clear. Suspend  the  precipitate  in  2  ml  of  water  and  add  1,5 ml  of  ammonia.  The  precipitate  dissolves  easily  with  the  possible  exception of  a  few  large  particles  which  dissolve  slowly.
Cl- + AgNO3 → AgCl    + NO3-
AgCl  + 2 NH4OH → [Ag(NH3)2]Cl  + 2H2O

AgCl also  dissolves  in  solution  of  ammonium  carbonate, and  sodium  thiosulfate (see before).
b) When  a  monograph  specifies  that  an  article  responds  to  the  test  for  dry  chlorides, mix  the  solid  to be  tested  with  an  equal  weight  of  manganese  dioxide ,  moisten  with  sulfuric  acid  , and  gently heat  the  mixture: chlorine , which  is  recognizable  by the  production  of  a  blue  color  with  moistened  starch  iodide  paper, is  evolved.
c) Introduce  into  a  test-tube  a  quantity  of  the  substance  to  be  examined  equivalent  to  about  15 mg  of  chloride (Cl-)  or  the  prescribed  quantity. Add  0,2 g  of  potassium  dichromate  and  1 ml  of  sulfuric  acid . Place a  filter-paper strip  impregnated  with  0,1 ml  of  diphenylcarbazide  solution over  the  opening  of  the  test- tube . The paper  turns  violet-red. The  impregnated  paper  must  not  come  into  contact  with  potassium  dichromate.
Bromides (Br-)  
a) Dissolve  in  2 ml  of  water  a  quantity  of  the  substance  to  be  examined  equivalent  to  about  3 mg  of  bromide (Br-) or  use  2 ml  of  the  prescribed  solution. Acidify  with  dilute  nitric  acid  and  add  0,4 ml  of  silver  nitrate  solution. Shake  and  allow to  stand. A curdled, pale  yellow  precipitate  is  formed  that  is  insoluble  in  nitric  acid,that is insoluble in nitric acid. Centrifuge and  wash  the  precipitate  with  three  quantities, each  of  1 ml , of  water. Carry  out  this  operation  rapidly  in  subdued  light  disregarding  the  fact  that  the  supernatant  solution  may  not  become  perfectly  clear.   Suspend  the  precipitate  obtained  in  2 ml  of  water  and  add 1,5 ml  of  ammonia. The precipitate   dissolves  with  difficulty.
Br- + AgNO3 → AgBr ↓ + NO3-
AgBr + 2NH4OH → [Ag(NH3)2]Br + 2H2o
AgBr  also  dissolves  in  solution  of  sodium  thiosulfate
AgBr + 2 Na2S2O3 → Na3[Ag(S2O3)2] + NaBr
b) Solution  of  bromides, upon  the  addition  of  chlorine, dropwise , liberate  bromine, which  is  dissolved  by  shaking  with  chloroform, coloring  the  chloroform  red  to  reddish  brown.


Cl2+2Br        Br2 + 2Cl




c) Introduce  into  a  small test –tube a  quantity  of  the  substance  to  be  examined  equivalent  to  about  5mg  of  bromide  (Br-) or  the  prescribed  quantity.  Add  0,25 ml  of  water, about  75 mg  of  lead  dioxide,  0,25 ml  of  acetic  acid  and  shake  gently. Dry  the  inside  of  the  upper  part  of  the  test  tube  with  a  piece  filter  paper  and  allow to  stand  for  5 min. Prepare  a  strip  of  suitable  filter  paper   of  appropriate  size. Impregnate  it  by  capillarity, by  dipping  the  tip  in  a  drop  of  decolorized  fuchsin  solution  and  introduce  the  impregnated  part  immediately  into  the  tube. Starting  from  the  tip, a  violet  color  appears  within  10s that  is  clearly  distinguishable from  the  red  color  of  fuchsin, which  may  be  visible  on a small  area at  the  top  of  the  impregnated  part  of  the  paper  strip.

Iodides (I-)   
a) Dissolve  a  quantity  of  the  a  substance  to  be  examined  equivalent  to  about  4 mg  of  iodide  (I-) in 2 ml  of  water  or  use  2 ml  of  the  prescribed  solution.  Acidify with  dilute  nitric  acid  and  add  0,4 ml  of  silver  nitrate  solution.  Shake  and  allow  to  stand. A  curdled, pale-yellow precipitate  is  formed. Centrifuge  and  wash  with  three  quantities, each  of  1 ml, of  water. Carry out  this  operation  rapidly  in  subdued  light  disregarding  the  fact  that  the  supernatant  solution  may  not  become  perfectly  clear. Suspend  the  precipitate  in  2 ml  of  water  and  add  1,5 ml  of  ammonia. The  precipitate  does  not  dissolve, but  dissolves  in  solution  of  sodium  thiosulfate.
I- + AgNO3 → AgI↓ +NO3-
AgI + 2Na2S2O3 → Na3[Ag(S2O3)2] + NaI

b) To  0,2 ml  of  a  solution  of  the  substance  to  be  examined   containing  about  5 mg of  iodide (I-) per millilitre, or  to  0,2 ml  of  the  prescribed  solution,   add  0,5 ml  of  dilute  sulphuric  acid, 0,2 ml of  sodium nitrate solution or iron III-chloride solution and  2  ml  of  chloroform. Shake  for  a  few  seconds  and  allow  to  stand. The  chloroform  layer  is  colored  violet  or  violet-red.
2NaI + 2NaNO2 + 2H2SO4  I2 + 2NO +2H2O + 2Na2SO4
2NaI + 2FeCl3  I2 + 2FeCl2 + 2NaCl
c)The  iodine  thus  liberated  gives  blue  color  with  starch.

Carbonate  and  bicarbonate
a) Introduce  into  a  test-tube  0,1 g  of  the  substance  to  be  examined  and  suspend  in  2  ml  of  water  or  use 2 ml  of  the  prescribed  solution. Add  3 ml  of  dilute  acetic  acid. Close  the  tube  immediately  using  a  stopper  fitted  with  a  glass  tube  bent  twice  at  right  angles. The  solution  or  the  suspension  becomes  effervescent and  gives  off  a  colorless  and  odourless gas. Heat gently  and   collect  the  gas  in  5  ml  of  barium  hydroxide  or  calcium  hydroxide  solution.  A white  precipitate  is  formed  that  dissolves  on  addition  of  an  excess  of  hydrochloric  acid.
Na2CO3 +2HCl → 2NaCl +CO2↑ +H2O
CO2 + Ca(OH)2 → CaCO3 ↓ + H2O
                               white
NaHCO3 + HCl → NaCl +CO2↑ + H2O
CO2 + Ba(OH)2 → BaCO3 ↓ +H2O
b) A  cold  solution (1 in 20) of  a  soluble  carbonate  is  colored red by  phenolphthalein, while  a  similar  solution  of  a  bicarbonate  remains  unchanged or  is  only  slightly  colored.
c) With  magnesium sulfate carbonates  form  white  precipitate  in  cold, but  bicarbonates during boiling .
Li2CO3 + MgSO4 → MgCO3↓ + Li2SO4
2NaHCO3 + MgSO4  Mg(HCO3)2 + Na2SO4                                 
                                 to
Mg(HCO3)2  MgCO3 + CO2 + H2O
Sulfates (SO42-) 
a) Dissolve  about  45 mg  of  the  substance  to  be  examined  in  5 ml  of  water  or  use  5 ml  of  the  prescribed  solution.  Add  1 ml  of  dilute  hydrochloric  acid  and  1 ml  of  barium  chloride  solution. A white  precipitate  is  formed, that  is  insoluble  in  hydrochloric  acid  and  in  nitric  acid.
SO42- + BaCl2 → BaSO4↓ + 2Cl-
b) With  lead  acetate  neutral  solutions  of  sulfates  yield a  white  precipitate   that  is  soluble  in  ammonium  acetate.
c) Hydrochloric  acid  produces  no  precipitate  when  added  to  solutions  of  sulfates (distinction from  thiosulfates)
d) To  the  suspension  obtained during  reaction (a) add 0,1 ml  of  0,05 M iodine. The suspension  remains  yellow (distinction  from  sulfites and  dithionites), but is decolorized by adding dropwise stannous  chloride  solution ( distinction  from  iodates). Boil  the  mixture. No colored  precipitate  is  formed  (distinction from  selenates  and  tungstates)
Sulfites (SO32-)
a) When  treated  with  3N hydrochloric  acid  sulfites and  bisulfites  yield  sulfur  dioxide, which  blackens  filter  paper  moistened  with  mercurous nitrate.
b) With  barium  chloride, solutions  of  sulfites  yield  a  white  precipitate that  is  insoluble  in  hydrochloric  acid  and  in  nitric  acid.
Ba2+ + SO32- → BaSO3↓
Phosphates (PO43-)
a) To  5 ml  of  the  prescribed  solution , neutralized if  necessary,  add  5 ml  of  silver  nitrate  solution. A  yellow precipitate is  formed  whose color  is  not  changed  by  boiling  and  which  dissolves  on  addition  of  ammonia  and  nitric  acid.
PO43- +3AgNO3 → Ag3PO4↓ +3NO3- 
Ag3PO4 +3HNO3 →3AgNO3 +H3PO4
Ag3PO4 + 6NH4OH → [Ag(NH3)2]3PO4 + 6H2O 

c) Mix  1 ml  of  the  prescribed  solution  with  2 ml  of  ammonium-molibdate solution and boil. A yellow  color  precipitate develops.

H3PO4 + 12(NH4)2MoO4 + 21HNO3 → (NH4)3PO412MoO3↓
                + 21NH4NO3+12H2O
This  precipitate  may  be  slow  to  form  and  it  is   soluble  in  solution  of  ammonium  hydroxide.
c) See  the  reaction (a) of  identification  of  magnesium ion  (Mg2+)
                                                NH4Cl
MgSO4 + Na2HPO4 + NH4OH    →        Na2SO4 + NH4MgPO4↓ + H2O

Nitrate (NO3-) 
a) When  a  solution  of  a  nitrate  is  mixed  with  an  equal  volume  of  sulfuric  acid, the  mixture  is  cooled,  and   a solution  of  ferrous  sulfate  is  superimposed,  a  brown  color  is  produced  at  the junction   of  the  two  liquids.
6FeSO4 + 2NO3 +2H2SO4 → 3Fe2(SO4)3 + 2NO +4H2O
FeSO4 + NO → FeSO4.NO
b) Nitrates  do  not  decolorize acidified  potassium  permanganate (distinction  from  nitrites)
c) When  a  nitrate  is  heated  with  sulfuric  acid  and  metallic  copper, brownish-red fumes  are  evolved.
Cu + 2HNO3 + H2SO4  2NO2 + CuSO4 + 2H2O
d) With  diphenylamine yield  blue color.   Nitrites, chromates, permanganates also give this reaction.





Nitrites (NO2-)
a) When  treated  with  dilute  mineral  acids  or  with  6 N  acetic  acid, nitrites  evolve  brownish-red  fumes.
2NaNO2 + H2SO4 → Na2SO4 + 2HNO2
2HNO2 → NO2↑+ NO↑ +H2O
b) With  diphenylamine (see   nitrates)
c) Some  crystals  of  antipyrine  are  dissolved  in  2 drops  of  hydrochloric  acid  and  add  2  drops  sodium  nitrite , yield  green  colour  of  nitrozoantipyrine.




green colour
d) To  10 ml  prescribed  solution  add  2-3  ml of  sulfanile  acid  in  acetic  acid  solution  and  1 ml  base  solution  of  -naphthol, yield  red  colour  (azo dye)



                                                                          azodye

Acetate 
a) When  acetic  acid  or  an  acetate  is  warmed  with  sulfuric  acid  and  alcohol, ethyl  acetate, recognizable  by  its  characteristic  odor, is  evolved.
CH3COOK + H2SO4 → CH3COOH + KHSO4
CH3COOH + HOC2H5 → CH3COOC2H5 + H2O
b) With  neutral  solutions  of  acetates, ferric  chloride  produces  a  deep  red  color  that  is  destroyed  by  the  addition  of  mineral  acids.
9CH3COONa + 3FeCl3 + 2H2O → 2CH3COOH+ 9NaCl+ [Fe3(CH3COO)6(OH)2]+ CH3COO-
c) Heat the  substance  to  be  examined  with  an  equal  quantity  of  oxalic  acid. Acid vapours  with  the  characteristic  odour  of  acetic  acid  are  liberated, showing  an  acid  reaction
b) Dissolve  about  30 mg  of  the   substance to  be  examined  in  3 ml  of  water  or  use  3 ml  of  the  prescribed  solution.  Add successively 0,25 ml  of  lanthanum nitrate  solution (La(NO3)3) , 0,1 ml  of  0,05 M iodine  and  0,05 ml of  dilute  ammonia. Heat carefully  of  boiling. Within a  few  minutes a blue precipitate is  formed  or  a  dark  blue color  develops.
Tartrates   
a) Dissolve about  15 mg  of the  substance  to  be  examined  in  5 ml of  water  or  use   5 ml  of  the  prescribed  solution.  Add  0,05 ml of a 10g/l  solution  of  ferrous sulfate and 0,05 ml  of  dilute  hydrogen peroxide  solution. A transient yellow colour  is  produced. After  the  colour has  disappeared  add dilute  sodium  hydroxide  solution  dropwise. An intense  blue  color  is  produced.
b) To 0,1 ml of a solution of the  substance  to  be  examined  containing  the  equivalent  of  about  15 mg  of  tartaric acid per  millilitre or  to 0,1 ml of  the  prescribed  solution  add 0,1 ml  of  a  100 g/l  solution of  potassium  bromide, 0,1ml  of  a  20 g/l  solution  of  resorcinol and 3ml  of  sulfuric  acid. Heat on  a water-bath for 5 min to  10 min. A dark-blue colour develops. Allow  to cool and pour the  solution  into  water. The colour changes to red.






c) Dissolve  a few  mg of  a  tartrate  salt  in  2  drops of  sodium  metaperiodate  solution. Add a  drop  of 1 N sulfuric  acid, and after 5 minutes add  a few drops  of sulfurous acid followed by a few drops of  fuchsin-sulfurous  acid: a reddish- pink color is produced  within  15 minutes.
d) See the determination  reaction (a) of  potassium.
           COOH           COOK
           │                   │
K+ + (CHOH)2   → (CHOH)2       ↓ + H+
          │                  │ 
          COOH          COOH
                             White

Citrates
a) To  15 ml  of  pyridine add  a  few  mg  of  a  citrate  salt , dissolved or  suspended  in  1 ml  of  water, and  shake. To this  mixture  add 5 ml  of  acetic  anhydride, and  shake: a light  red  color  is  produced.
b) Dissolve in  5 ml  of  water  a  quantity  of  the  substance  to  be  examined  equivalent  to  about  50 mg  of  citric  acid  or  use  5 ml  of  the  prescribed  solution. Add  0,5 ml  of  sulfuric  acid  and  1 ml  of  potassium  permanganate  solution. Warm  until  the  colour  of  the  permanganate  is  discharged. Add 0,5 ml of  a  100 g/l solution  of  sodium  nitroprusside  in  dilute  sulfuric  acid  and  4 g of  sulfamic  acid. Make alkaline  with  concentrated  ammonia  added  dropwise until all  the  sulfamic acid  has  dissolved. Addition  of  an  excess  of  concentrated  ammonia  produces  a  violet colour, turning  to  violet-blue.
c) To the  neutral citrate  solution (0,002-0,01 g  citrate ion) add 1 ml calcium  chloride  solution, colourless solution. Boiling  and is  formed  white  precipitation  which  is  dissolves in chloric  acid.






Benzoates 
a)  To 1ml  of  the  prescribed  solution  add  0,5 ml  of  ferric  chloride  solution. A dull-yellow precipitate, soluble  in  ether, is  formed.
6C6H5COONa+2FeCl3+10H2O→3C6H5COOH + 6NaCl + (C6H5COO)3Fe . Fe(OH)3  . 7H2O ↓
b) Place 0,2 g  of  the  substance  to  be  examined, treated  if  necessary as  prescribed, in  a  test-tube. Moisten  with  0,2 ml to 0,3 ml  of  sulfuric  acid. Gently warm the  bottom  of  the  tube. A white  sublimate  is  deposited on  the  inner  wall  of  the  tube.
C) Dissolve  0,5 g  of  the  substance  to  be  examined  in  10  ml  of  water  or  use  10 ml  of  the  prescribed  solution. Add 0,5 ml  of  hydrochloric  acid. The  precipitate  obtained, after crystallisation  from  warm water  and  drying  in  vacuo, has  a  melting  point  of  1200c to  1240c . This precipitate  is  readily  soluble  in  ethyl  ether.
Salicylates
To 2 ml neutral solutions of salicylates add 2 drops iron(III)-chloride solution; blue-violet or red-violet colour is formed. During add solution of acetic acid the colour doesn't appear, but add dilute hydrochloric acid solution  the colour disappears and form white precipitate of salicylic acid.
Salicylates with iron ions form coloured complex in accordance with  pH medium.



Determination  of the primary aromatic amines (aminogroup)
A. Forming  of azo dye:
Primary aromatic amines react with nitrous acid to yield diazonium salts. 0,05 g substance is dissolved in 1 ml dilute hydrochloric acid solution ,  2 ml 1% sodium nitrite solution is added. Then add 1 ml -naphthol in alkali solution in the presence 0,5 g sodium acetate; yellow-orange or orange-red precipitate is formed. 
	
 
	Diazonium salt
· [image: ] 
· 

              β-naftol                          (orange-red colour)

· B. Lignin test (formation of)  Schiffs's bases

1-2 crystals of preparation or 1 drop of solution put on power paper or  peace of usual newspaper, add 1 drop dilute hydrochloride acid solution;  yellow-orange colour is formed.   Lignin is hydrolysed  by acid and form aldehydes. The primary aromatic amines with aldehydes ( coniferil aldehyde) condensation and form Schiffs  bases:




· С. Jsonitril test. The product obtained is characterized by the specific unpleasant smell:  
· 
· 
         
· 

·        Drug  metabolism  (biotransformation)

       When  a  drug  molecule  gets  converted  into   the  body  to  an  altogether  different  form,  which  may  be  either  less  or  more  active  than  the  parent  drug,  the  phenomenon  is  termed  as  biotransformation.
When  drugs  and  medicines  are  administered  to  a  patient,  it  is  rare  for  the  drug  molecule  to  emerge  from  the  patient  unchanged.  Most  of  the  foreign  compounds (or  xenobiotics)  taken  into  the  body  undergo  a  variety  of  chemical  changes  brought  about  by  enzymes  in  the  liver,  intestine,  kidney,  lung  and   other  tissues.  These  transformations  (especially oxidation  reactions) may  give  rise  to  compounds (or  metabolites)  that  are  toxic.  These  metabolites  are  capable  of  reacting  with  important  macromolecules  within  the  body  (such  as DNA and proteins)   to  cause  toxicity.  An  insight  into  the  mechanisms  that  give  rise  to  the  formation of   drug metabolites is therefore important from a drug  safety   point  of  view.  
The  body’s  main  strategy  for  dealing  with  these  xenobiotics   is  to  convert  the  molecule  into  a  more  hydrophilic  or  water - soluble  derivative,  which  can  then  be  excreated  via  the  kidneys  in  the  urine. Reactions  of  this   type  are  known  collectively  as  drug  metabolism,  although  the   body  systems  that  carry  out  these  biotransformations  arose  through  evolution  long  before  drugs  were  taken  therapeutically. Our  ancestors were  exposed  throughout  their  lives  to   environmental  poisons  and  foreign   chemicals  in  their   diet  and  mechanisms   evolved   to   detoxity   these   agents  and  protect  the  body.
Foreign  compounds  such  as  drugs  taken  into  the  body  undergo  enzymatic  transformations  which  usually  result  in  a  loss  of  pharmacological  activity.  This  is  known  as  detoxification. Occasionally,  the  action  of  these  enzymes  may  convert  an  inactive  compound (or prodrug) into apharmacologically active compound. In  this  case,  the  process  is  described  as  bioactivation.
Prodrugs  are  pharmacologically  inactive  derivatives  of  the  active  molecule  that  are  designed  to  break  down  within  the  body  to  release  the  active  drug. The  prodrug  approach  is  often  used  in  pharmacy  to  overcome  problems  such  as  poor  absorption  or  instability  when   the  parent  drug  is  given  orally, or  it  the  parent  drug  has  an  unpalatable  taste  or  smell  that  needs  to  be  disguised.



Table1. 
Some   prodrugs  and  its  active  metabolites.
	Prodrugs
	              Active   metabolites

	                         1   
	                            2

	Benzobarbital   (Benzonalum )
	Phenobarbitalum  (Luminal)

	Dipivefrine  (Epinephrine-dipivalat)
	Epinephrine   (Adrenalinum)

	Isosorbidedinitrate  (Nitrosorbidum)
	Isosorbidemononitrate

	Enalapril   (Enap,Enapril)
	Enalarpilat

	Azathioprinum  (Imuran)
	Mercaptopurine

	Salazodine  (salazopyridazinum)
	Sulfapyridazinum

	Salazodimethoxinum
	Sulfadimethoxine

	Calcium   benzamidosalicylate
           (Bepascum)
	Acidumparaaminosalicylicum

	Methenamine (Urotropinum,
Hexamethylentetraminum)
	Formaldehydum

	Phenyliisalicylas   (Salolum)
	Phenolum+Acidumsalicylicum

	Phthorafurum   (Tegafur)
	Fluorouracil   (Phthoruracilum)

	Fosfestrol (Honvan)
	Diethylstilbestrol

	Primidone   (Hexamidine)
	Phenobarbitalum(LuminaL)

	Diazepam  (Sibazonum,Seduxen)
	Oxazepam

	Medazepam   (Mezapamum)
	Oxazepam

	Picamilonum
	Aminalonum+Nicotinic  Acid

	Levodapa   (L-Dopa,Levopa)
	Dophaminum+Norepinephrine

	Codeinum
	Morphine  (Doltard)

	Dophaminum  (Dopamine)
	Norepinephrine  (Noradrenalinum)

	Acetylcystein (Mucobene,Mucomyst)
	Cysteinum

	Phenylbutazone   (Butadionum)
	Sulfinpyrazone (Anturan)

	Cortisone
	Hydrocortisone

	Estradiol   (Proginova)
	Estriol+Estrol

	Thiamine  (Vitamin B1)
	Cocarboxylase(Pyruvodehydrase,
Diphosphothiamin)

	Monophosphothiamine
(Phosphothiaminum)
	Cocarboxylase(Pyruvodehydrase,
Diphosphothiamin)

	Riboflavinum  (vitamin B2)
	Riboflavinum-mononucleotidum+    Flavinatum

	Pyridoxine  (vitamin B6 )
	Pyridoxalphosphatum

	Cyanocobalaminum    (vitamin B12)
	Cobamamide+Oxycobalaminum
(Hydroxocobalamin)

	Folic  Acid    (vitamin Bc)
	Tetrahydrofolic  Acid  (Folin)

	Nicotinic  Acid    (vitamin PP)
	Nicotinamide

	Alfacalcidol    (Alfa  D3)
	Calcitriol

	Riboxinum(Inosine,Inosie-F)
	Acidumadenosintriphosphoricum(ATP)

	Phthalylsulfathiazole(Phthalazolum)
	Sulfathiazole  (Norsulfazolum)

	Phthalylsulfapyridazine(Phthazinum)
	Sulfapyridazinum

	Chinoxydinum
	Dioxydinum

	Solasulfone(Solusulfonum)
	Dapsone (Diaphenylsulfonum)

	Chloroquine(Chingaminum)
	Hydroxychloroquine(PlaquieniL)



There  are  two  main  types  of  biotransformation  observed  in  the  body,  imaginatively  called  Phase 1and  Phase 2  reactions,  although  many  drugs  undergo  both  types  of   process.
Phase 1  reactions  are  reactions  in  which  a  new  functional  group  is  introduced  into  the  molecule,  or  an  existing  group  is  converted  into  another, (usually  more  water- soluble) derivative. Functional   group  changes:  here,  the   “drug  substance” undergoes  functional  group  changes  for  instance : side-chain  or  ring  hydroxylation, reduction  of  nitrogroup, reduction, aldehyde  oxidation, deamination   or  dealkylation. 
Phase  2  reactions  (conjugations  or esterification)  are  where  an  existing  functional  group  in  the  molecule  is  masked  by  the  addition  of  a  new  group.The  conjugate  is  formed between the  drug  and  a  hydrophilic  compound  such  as  glucuronic acid and the resulting conjugate (a glucuronide ) will usually be   much  more  water  soluble  than the  parent  drug. Most  drugs  are  hydrophobic  and  so  not  inherently  water  soluble.  Metabolism  to  a  more  water–soluble  and  less  toxic  derivative  terminates  drug  action  and  allows  the  body  to  excrete  the  drug  easily  in  the  urine. If  the  administered  drug  is  already  hydrophilic, the  molecule  is  often  excreted  unchanged.
Excretion  of   drugs  from  their  sites  of  action  is   of  paramount  importance  and  may  be  effectively  carried  out  with  the  help  of  a  number  of  processes,  namely:renal  excretion, biliary  excretion, excretion  through  lungs  and  above  all  by  drug   metabolism (biotransformation).
Drugs  which  are  either  water-soluble  or  get  metabolized  gradually  are  mostly  eliminated  through  the  kidneys  by  the  aid  of  these  three  essential  phenomena,viz: secretion,glomerular  filtration  and  tubular   reabsorption.  For  instance, probenecid  considerably  retards  tubular  secretion  of  penicillin  thereby  enhancing  its  duration  of  action  appreciably.
Another  aspect  of  excretion  is  the  biliary  excretion  of  drugs  or  its  metabolites  which  essentially  affects  excretion  of   drugs  by  liver  cells  into  the  bile  subsequently  into  intestine. Invariably, a  drug  undergoes “enterohepatic  cycling” ,i.e., instead  of  its  elimination  through  the  faeces  it  gains  entry  into  the  system  through  the  intestines,eg.,penicillin,fluorescein,etc.
The  processers  involved  in  drug  metabolism  involve  simple  chemical  reactions  such  as  oxidation ( the  most  common) reduction  and  dealkylation  and  are  influenced  by  a  number  of  factors  including: 
Genetic  factors: Differences  are  observed  between  species (important  since  most  medicines  intended  for  human  use  are  tested  first  in  animals)  and  between  individuals  in  a  population.
Physiological  factors: These  includeage  ofthe  patient,gender,pregnancy  and  nutritional  status.	Very  young  patients  whose  livers  have  not  developed  fully  and  very old  patients  whose  liver  function  has  deteriorated  metabolise  drugs  more  slowly  than  the  normal  adult  population. There  are  also  differences  in  the  rates  of  metabolism  between  men  and  women  and  between  pregnant  and  non-pregnant  women.The  causes  of  these  effects  are  unknown  but  are  probably  due  to  differences  in  levels  of  circulating  sex  hormones.
Pharmacodynamic factors:  Include  dose,  frequency  and  route  of  administration  and  extent  of  protein  binding.
Environmental  factors: Examples  of  these  are  co-administration  of  other  drugs, which  can  effect  the  rate  and  extent  of  drug  metabolism. This  can  become  literally  a  matter  of  life  and  death  as  a  number  of  potentially  fatal  drug  interactions  involve  liver  enzyme  induction   and  competition  for  drug-metabolism  enzymes.

                                                                                                               












                                                                                                               Scheme 1.
Metabolic  pathways  of  drugs  in  the  body


	
                              Stereochemistry and drug action
Stereochemistry  is  that  branch  of  chemistry  which  deals  with  atoms  in  their  space  relationship,and  the  effect  of  such  a  relationship  on  the  action  and  effects  of  the  molecule.
Chemical  compounds  that  have  the  same  molecular  formula  but  different  structural  formulas  are  said  to  be  isomers  of  each  other. These constitutional   isomers (or  structural  isomers)   differ  in  their  bonding  sequence,i.e. their  atoms  are  connected  to  each  other  in  different  ways.
Stereoisomers  are  compounds  having  the  same  number  and  kinds  of  atoms,  the  same  configuration  (arrangement) of bonds,but altogether  different  3D-structures i.e., they  specifically  differ  in  the  3D-arrangements  of  atoms in space.
Stereoisomers  have  the  same  bonding  sequence,  but  they  differ  in  the  orientation  of  their  atoms  in  space.
Stereoisomers  may  be  further  sub-divided  into  two  types, namely: enantiomerisms(optical  isomerism) and  diastereoisomers (geometrical isomerism,cis-trans  isomerism). The  relationship  between  the  different  types  of  isomerism  are  shown  in  Figure 1.
Enantiomers
       There  are  a  number  of  atoms  that  display  optical  isomerism, including  nitrogen  and  phosphorus,but  the  simplest  case  to  consider, and  the  most  commonly  encountered  in  drugs  , is  that  of  an  sp3hybridised  carbon  atom  with  four  different  substituents  attached  to  it  (Figure  2 ). A carbon  like  this  is  said  to  be  chiral  (an asymmetric  carbon  atom)  and  to  display  the property  of  chirality. If  the  four  substituents  are  different, a  pair  of  non-superimposable  mirror image  forms  can  be  drawn. These  two  isomers  are  called  enantiomers. Enantiomers  are  isomers  whose 3D-configuration (arrangement) of  atoms  gives  to  the  formation  of  nonsuperimposable  mirror  images. A chiral  compound  always  has  an  enantiomer, whereas  an  achiral  compound  has  a  mirror  image  that  is  the  same   as  the  original  molecule.











Figure 1.
Different  types  of  isomerism.
















Figure 2.
Chiral  carbon  atoms
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       These  are  also  invariably  termed  as  chiral  compounds, enantiomorphs  or antipodes. Enantiomers  have  identical  or  nearly  identical  physical  properties  unless  a  reagent  or  technique  is  used  that  is  itselfchiral. For  example, the  two  enantiomers  in  Figure 2  will  have  the  same  boiling  point, melting  point, refractive  index  and  density   since  these  are bulk  effects  and  cannot   diseriminate  between  the  two  enantiomers. Differences between  enantiomers  only  become  apparent  when  they  interact  with  chiral  reagents  such  as  the  active  sites  of  enzymes  or  the  chiral  stationary  phase  of  a  HPLC column.
       In  the  laboratory, the  technique  of  polarimetry  is  used  to   distinguish  between  enantiomers  and  to  measure  the  extent  to  which  each  enantiomer  rotates   the  plane  of  plane-polarised  light (look at  polarimetry).
        Predominantly, when  enantiomeric  features  are  introduced  strategically  right  into  either  a  chiral  environment  or  an  asymmetric  one, for  instance:the  human  body, enantiomers  shall  evidently  show  marked  and  pronounced  variant  physical  chemical  properties  thereby  exhibiting   appreciable  and  significant  differences  in  their  respective “pharmacokinetic” and “pharmacodynamic”behaviour.
Diastereoisomers
Diastereoisomers  are  all  stereoisomeric  compounds  which  are  not  enantiomers. In  other  words  the  terminology “diastereoisomers” essentially  includes  compounds  containing  both  ring  systems  and  double-bonds  simultaneously. In  apparent  contrast  to  “enantiomers” diastereoisomers  invariably  display  different  physical  and  chemical  characteristics, namely:
- chromatographic  behaviour
-Solubility
-Melting point
- Boiling point
Based  on  these  glaring  differences  prevailing  in   their  physical  chemical  properties  one may  effectively  cause  the  separation  of  a  mixture  of  diastereoisomers  by  the  aid  of  established  and  standard  chemical  separation  techniques, for  instance:
- Crystallization 
-Column  chromatography.
It  may  be  pointed  out  at  this  juncture  that  “enantiomers” cannot  be  separated  by  using  any  one  of  such  methods  unless  either  these  are  either  converted  to  diastereoisomers  or  a  chiral-environment  is  provided.
A few typical examples of stereoisomers, enantiomers and diastereoisomers are illustrated below:
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(S)-(+) Naproxen sodium 			(R)-(-) Naproxen sodium
[2-Naphthalenacetic acid, (+)-6-				[Inactive]
methoxy--methyl-, sodium salt]
    Active as an analgesic, antipyretic 
and anti-inflammatory

       It shows that the priority sequence in (S) – (+) naproxen sodium is to the left; and it exhibits activity as an antipyretic, analgesic and anti-inflammatory drug. In contrast, the R-(-) naproxen sodium is inactive.
DIASTEREOISOMERS
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(-)-Pseudoephedrine 			(-)-Ephedrine
 (Inactive)			[CNS-Stimulatory actions; OTC-cold, 
					allergy, and asthma remedies]

       It shows (-)-pseudoephedrine the two H-atoms are on the opposite side of the plane of the ring, one withbroken line is viewed as projecting beneath the ring plane (-substituent); and the other with solid line is viewed as projecting above the ring plane. It does not exhibit any biological activity. However, in (-)- Ephedrine the said two H-atoms are located on the same side, beneath the ring plane; and hence, it shows biological activities as stated above. 

Fischer  projections
       It  is  sometimes  useful  to  be  able  to  draw  a  schematic  diagram  of  the  stereochemistry  around  a  chiral  carbon,  espicially  when  a  molecule  contains  more  than  one  chiral  centre. The  German  chemist  Emil   Fischer  solved  this  problem  and  his  method  of  representing  chiral  centre  is  now called  a  Fischer  projection.
A  Fischer   projection  looks  like  a  cross,with  the  chiral  centre  at  the  point  where  the  lines  cross.  The  horizontal  lines  are  considered  to  be  bonds  projecting  towards  the  viewer, while  the  two  vertical  lines  are  considered  to  project  away  from  the  viewer. In  this way  the  tetrahedral  arrangement  of  groups  around  an  sp3hybridised  carbon, for  example, may  be  represented  on  a  page  in  two  dimensions. The  other  rule  to  remember  when  drawing  a  Fischer  projection  is  to  draw  the  carbon  chain of  the  compound  vertically  with  the  most  oxidised  carbon  atom  at  the  top.   In example  of  a  Fischer  projection  of  lactic  acid, the  acid  produced  when  milk  turns  sour  is  shown  in  Figure 3.
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Figure  3.  Fischer  projection  of  lactic  acid.

Stereochemistry and Biologic Activity 
An intensive and extensive research carried out till date on “drug-design” has not only established but also paved the way in the specialized aspect of  “ stereochemistry” of the targeted-drug molecules”. This particular approach has inspired the  “medicinal chemist” to tailor-made such newer drug substance(s) in which the proper strategical positioning of various functional moieties are introduced (or inducted) so that they are capable of interacting optimally with either an enzyme or a receptor.
Interestingly, the following five different aspects of stereochemistry (types of isomeric drugs) shall now be discussed in the sections that follows:                                    
                                  Biological Tests
       Water for injection is water for  parenteral administration preparations (sterilizd tempeteed water for injection). Water for injection is clean, colourless, odourless and testless liquid,  pH=5-6,8. This water is apyrogen. Bacterial endotoxines less than 0,25 IU/ml.
       For determination of bacterial endotoxines there are the following biological methods:
a) Test animals
b) Bacterial   endotoxins  test  (LAL-Test).




                                    Test animals 
       Use healthy, mature rabbits. House the rabbits individually in an area of uniform temperature between 200 and 230 and free from disturbances likely to excite them. The temperature raries not more than  + 30 from the selected temperature. Before using a rabbit for the first time in a pyrogen test, condition it not more than seven days before use by a sham test that includes all of the steps as directed for Procedure except injection. Do not use a rabbit for pyrogen testing more frequently than once every 48 hours, nor prior to 2 weeks following a maximum rise of  its temperature of  0,6 or more while being subjected to the pyrogen test, or following its having been given a test specimen that was adjudged pyrogenic.
       Disadvantages of test animals:
a) Don’t accept by Green Peace.
b) Need large place to keep the animals and to feed them. 

                                    Bacterial   endotoxins test.  
       The  test  for  bacterial  endotoxins  is  used  to  detect  or  quantify  endotoxins  of  gram-negative  bacterial  origin  using  amoebocyte  lysate  ( eyophilised  product) from  horseshoe   crab (Limulus  polyphemus  or  Tachypleus  tridentatus).
       There  are  three  techniques  for  this  test:
1) the  gel-clot  technique  which  is   based  on  gel   formation:
a) limit  test
b) semi-quantitative  test
2) the  turbidimetric  technique,  based  on  the  development  of  turbidity  after  cleavage  of  an  endogenous  substrate:  
a) turbidimetric  kinetic  method
b) turbidimetric  end-point  method
3) the  chromogenic  technique, based on  the  development  of  colour  after  cleavage  of  a  synthetic  peptid-chromogen  complex:
a) chromogenic  kinetic  method
b) chromogenic  end-point  method
       
                                     The  gel-clot  technique  
       The  gel-clot  technique  allows  detection  or  quantification  of  endotoxins  and  is  based  on  clotting  of  the  lysate  in  the  presence  of  endotoxins. The  concentration  of  endotoxins  required  to  cause  the  lysate  to  clot  under  standard  conditions  is  the  labelled  lysate  sensitivity.  To  ensure  both  the  precision  and  validity  of   the  test, confirm  the  labelled  lysate  sensitivity  and  perform  the test  for  interfering  factors.
       Semi-quantitative  test  quantifies  bacterical  endotoxins  in  the  test  solution  by  titration   to  an  end-point. 
       Limulus  polyphemus  lives  in  the  North  and  Center  of  America.  It  has  5  types.  Take  from  Limulus  Polyphemus  50-200 ml  of  blood  in  each  step and  can    keep  it  during  one  month  (blood taken  from  tail). After  that  dry  the  blood  on  the  vaccum  condition,  this  process  in  named   leofilization. In  the  blood  of  the  Limulus  Polyphemus,  there  are  exist  4  types  of  inactive  ferments  that  be  active  under  the    influence  of  the  endotoxins. There  are  C, B  factors,  Coagulant  and  Coagulagen  ferments.

                          Coagulation  system  of  Limulus  polyphemus
            Endotoxin
C factor → Active C  factor 
                      B factor→ active B factor 
Coagulant  fermant    ← Proferment 
Coagulagen → Coagulin 
       Amoebocyte  lysate  reacts  with  some  -glucans  in  addition  to  endotoxins. Amoebocyte  lysate  preprations  which  do  not  react  with  glucans  are  available,  they  are  prepared  by  removing  from  amoebocyte  lysate  the  C factor, which reacts with glucans, or by inhibiting the C factor reacting  system  of  amoebocyte  lysate.  These  preparations  may  be  used  for  endotoxin  testing  in  the  presence of  glucans.
                Determination  of  the  Maximum  Valid  Dilution 
       The  Maximum  Valid  Dilution  (MVD)  is  the  maximum  allowable  dilution  of  a sample  at  which  the  endotoxin  limit  can  be  determined. Deteremine  the  MVD  using  the  following  expression:
                Endotoxin  limit  ×  concentration  of  test  solution
MVD=   —————————————————————
                                              λ


       Endotoxin  limit : the  endotoxin  limit  for  active  substances  administered  parenterally,  defined  on  the  basis  of  dose, it  equal  to:
                                                    K
                                                    M
K= threshold  pyrogenic  dose  of  endotoxin  per  kilogram  of  body  mass  in  a     single  hour  period,
M= maximum  recommended  dose  of  product  per  kilogram  of  body  mass in  a single  hour  period.
       The  endotoxin  limit  for  active  substances  administered  parenterally  is  specified  in  units  such  as  IU/ml, IU/mg, IU/Unit  of  biological  activity, etc.
Concentration  of  test  solution:
-in  mg/ml  if  the  endotoxin  limit  is  specified  by  mas (IU/mg).
-in  Units/ml  if  the  endotoxin  limit  is  specified  by  unit  of  biological  activity (IU/Unit).
-in  ml/ml  if  the  endotoxin  limit  is  specified  by  volume  (IU/ml).
λ  =the  labelled  lysate  sensitivity  in  the  gel-clot  technique  (IU/ml)  or  the  lowest  point  used  in  the  standard  curve  of  the  turbidimetric  or  chromogenic  techniques.
                                                         
                                    Photometric  techniques
1. Turbidimetric  technique 
       This  technique  is  a  photometric  test  to  measure  the  increase  in  turbidity. Based  on  the  test  principle  employed , this  technique  is  classified  as  being  the  end-point- turbidimetric  test  or  the  kinetic-turbidimetric  test. 
       The  end-point-turbidimetric  test  is  based  on  the  quantitative  relationship  between  the  endotoxin  concentration  and  the  turbidity  ( absorbance  or  transmission)  of  the  reaction  mixture  at  the  end  of  an   incubation  period.    
      The  kinetic-turbidimetric  test  is  a  method  to  measure  either  the  time  (onset  time )  needed  for  the  reaction mixture  to  reach  a  predetermined  absorbance, or  the  rate  of  turbidity  development.
       The  test  is  carried  out  at  the  incubation  temperature  recommended  by  the  lysate  manufacturer (usually  37± 10 C).
2. Chromogenic  technique
       This  technique  is  used  to  measure  the  chromophore  released  from  a  suitable  chromogenic  peptide  by  the  reaction  of  endotoxins  with  the  lysate. Depending  on  the  test  principle  employed , this  technique  is  classified  as  being  the  end-point  chromogenic  test  or  the  kinetic-chromogenic  test.
       The  end-point  chromogenic  test  is  based  on  the  quantitative  relationship  between  the  endotoxin  concentration  and  the  quantity  of  chromopore  released  at  the  end  of  an  incubation  period.
       The  kinetic-chromogenic  test  measures  either  the  time  (onset  time)  needed  for  the  reaction  mixture  to  reach  a  predetermined  absorbance, or  the  rate  of  colour  development. 
       The  test  is  carried  out  at  the  incubation  temperature  recommended  by  the  lysate  manufacturer (usually  37± 10 c).          
                                      . Physical analysis methods 
               2.1. Clarity  and  degree  of  opalescence  of  liquids
       Using  identical  test  tubes  of  colourless, transparent, neutral  glass with  a  flat  base  and  an  internal  diameter  of  15 mm to  25 mm, compare  the  liquid  to  be  examined  with  a  reference  suspension  freshly  prepared  as  described  below,  the  depth  of  the  layer  being  40 mm.  Compare  the  solutions  in  diffused  daylight  5 min  after  preparation  of  the  reference  suspension,  viewing  vertically  against  a  black  background. The  diffusion  of  light  must  be  such  that  reference  suspension  I  can  readily  be  distinguished  from  water  R ,and  that  reference  suspension II  can  readily  be  distinguished  from  reference  suspension I (look at European  Pharmacopoeia)
              2.2. Degree  of  coloration  of  liquids
       The  examination  of  the  degree  of  coloration  of  liquids  in  the  range  brown-yellow-red  is  carried  out  by  one  of  the  2  methods  below.
       A solution  is  colourless  if it has  the  appearance  of water  R  or  the  solvent  or  is  not  more  intensely   coloured  than  reference    solution  B9 (look  at  EP) .
Method  I
       Using  identical  tubes  of   colourless , transparent , neutral  glass  of  12 mm  external  diameter,  compare  2,0  ml  of  the  liquid  to  be  examined  with 2,0 ml of water R  or of   the  solvent  or of  the  reference  solution  prescribed  in  the  EP. Compare  the  colours  in  diffused daylight  , viewing  horizontally  against  a  white  background.
Method  II
       Using  identical  tubes  of   colourless , transparent , neutral  glass  with a  flat  base  and  an  internal  diameter  of  15 mm to  25 mm, compare  the  liquid  to  be  examined  with  water  R or  the  solvent  or  the  reference  solution  prescribed  in  the  monograph , the  depth  of   the  layer  being  40mm. Compare  the  colours  in  diffused  daylight ,  viewing  vertically  against  a  white  background.     
                                2.3. Boiling  point
       The  boiling  point  is  the  corrected  temperature  at  which  the  vapour  pressure  of  a  liquid  is  equal  to  101,3 kPa.
Method 
        Place  in  the  flask  20  ml  of  the  liquid to  be  examined  and  a  few  pieces  of  porous  material.  Heat  the  flask  so  that  boiling  is  rapidly  achieved  and  record  the  temperature  at  which  liquid  runs  from  the  side-arm  into  the  condenser. Correct  the  observed  temperature  for  barometric  pressure  by  means  of  the  formula:
     t = t2 +  k (101,3 - b)
t1= the  corrected  temperature, 
t2= the  observed  temperature  at  barometric  pressure b,
k= the  correction  factor  as  shown  in  table  1.
b = the  barometric  pressure, in  kilopascals, at  the  time  of  the  determination.
Table 1.  Temperature  correction  in  relation  to  the  pressure 
	      Distillation   temperature
	         Correction  factor  k  

	Up  to  100 0 C
	                 0,30

	Above  100  up  to  140 0  C
	                 0,34

	Above  140 0 c  up  to  190 0  C
	                 0,38

	Above  190 0 c up  to  240 0 C
	                 0,41

	Above  240 0  C
	                 0,45





                                      2.4.  Melting  point  
Capillary  method
       The  melting  point  determined  by  the  capillary  method,  open  capillary  method  and  instantaneous  method.
       The  melting  point  determined  by  the  capillary  method  is  the  temperature  at  which  the  last   solid  particle  of  a  compact  column  of  a  substance  in  a  tube  passes  into  the  liquid  phase.
Method  
       Unless  otherwise  prescribed  dry  the  finely  powdered  substance  in  vacuo  and  over  anhydrous  silica  gel  R  for  24h. Introduce  a  sufficient  quantity  into a    capillary  tube  to  give  a  compact  column  4 mm to  6 mm  in  height.  Raise  the  temperature  of  the  both  to   about  100 C   below  the  presumed  melting  point  and  then  adjust  the  rate  of  heating  to  about  10 C  per  minute.  When  the  temperature  is  50 C  below  the  presumed  melting  point,  correctly  introduce  the  capillary  tube  into  the  instrument.  Immerse  the  capillary  tube  so  that  the  closed  end  is  near  the  centre  of  the  bulb  of  the  thermometer,  the  immersion  mark  of  which  is  at  the  level  of  the  surface  of  the  liquid.   Record  the  temperature  at  which  the  last  particle  passes  into  the  liquid  phase.
                       Calibration  of  the  apparatus
       The  apparatus  may  be  calibrated  using  melting  point  reference  substances  such  as  those  of  the  World  Health  Organisation  or  other  appropriate   substances. There  are  open  capillary  method  and  instantaneous  method  for   melting  point  determination. 
       The  instantaneous  melting  point  is  calculated  using  the   expression :
                                                            t1  + t2
   2
in  which  t1  is  the  first  temperature  and  t2  the  second  temperature . Methods  and  apparatus  of  these  methods  are  described  in  EP.
3. Physicochemical analysis methods
         To physical analysis methods belong  determinations  of the clarity and degree of opalescence of liquids,  of the degree  of  coloration  of  liquids, of the  boiling  point, of the melting point (look at European  Pharmacopoeia).
       Physical and physicochemical analysis methods can classify into following groups: optical methods, electrochemical methods, magnetic resonans spectroscopic methods,  separation methods, termical methods.  Physicochemical analysis methods use  dependence of  physical properties from chemical composition of substances. These group methods are used for determination of medicine remedies quality namely identification, purity and quatitative determination.


       Advantages of physicochemical analysis methods are:
· Very small amount of substance is used
· Take very little time 
· High sensitivity
· Selective
· Possibility of standardization and automation
· The error  is not more than  +/-  3%
       Last time physicochemical method are used for different preparations or their impurities.
       Classification of physicochemical analysis methods:
І.  Optical methods: refractometry, polarimetry. 
II. Methods, based on absorption of electromagnetic radiation: photometry,  
     colorimetry, nefelometry and turbitimetry.
ІІI. Electrochemical methods: potensiometry, ionometry, polarography.
ІV. Magnetic resonans spectroscopic methods: nuclei magnetic resonans  
      spectroscopy, proton magnetic resonans spectroscopy, mass-spectrometry.
V. Separation methods: extraction analysis, paper chromatography, thin layer 
      chromatography, gas liguid chromatography,  high performance liguid 
      chromatography (HPLC), electroforese. 
                                         OPTICAL METHODS
                                             Refractometry
       
       Refractometry is the method of measuring substances′ refractive index (one of their fundamental physical properties) in order to, for example, assess their composition or purity. A refractometer is the instrument used to measure refractive index (“RI”). Although refractometers are best known for measuring liguids, they are also used to measure gases and solids; such as glass and gemstones. A refractometer measures the extent to which light is bent (i.e. refracted) when it moves from air into a sample and is typically used to determine the index of refraction (aka refractive index or n ) of a liquid sample.
       The speed of light in a vacuum is always the same, but when light moves through any other medium it travels more slowly since it is constantly being absorbed and reemitted by the atoms in the material. The ratio of the speed of light in a vacuum to the speed of light in another substance is defined as the index of refraction (n) for the substance. 
refractive index             speed of light in a vacuum
                             =                  
of substance (n)            speed of light in substance

       Whenever light changes speed as it crosses a boundary from one medium into another its direction of travel also changes, i.e., it is refracted. (In the special case of the light traveling perpendicular to the boundary there is no change in direction upon entering the new medium.) The relationship between light′s speed in the two mediums (vA and vB), the angles of incidence (θA) and refraction (θB) and the refractive indexes of the two mediums (nA and nB) is shown below:

       VA  = sin θA   = nB  
        VB  = sin θB  =  nA
       Thus, it is not necessary to measure the speed of light in a sample in order to determine its index of refraction. Instead, by measuring the angle of refraction, and knowing the index of refraction of the layer that is in contact with the sample, it is possible to determine the refractive index of the sample quite accurately. 
       In most liquids and solids the speed of light, and hence the index of refraction, varies significantly with wavelength. (This variation is referred to as dispersion, and it is what causes white light moving through a prism to be refracted into a rainbow. Shorter wavelengths are normally refracted more than longer ones). Thus, for the most accurate measurements it is necessary to use monochromatic light. The most widely used wavelength of light for refractometry is the sodium D line at 589,3 nm. 
       The refractive index is a unitless number, between 1.3000 and 1.7000 for most compounds, and is normally determined to five digit precision. The RI of a substance is strongly influenced by temperature and the wavelength of light used to measure it, therefore, care must be taken to control or compensate for temperature differences and wavelength. RI measurements are usually reported at a reference temperature of 20 degrees Celsius, which is equal to 68 degrees Fahrenheit, and considered to be room temperature. A reference wavelength of 589.3 nm (the sodium D line) is most often used. Though RI is a dimensionless quantity, it is typically reported as nD20, where the “n” represents refractive index, the “D” denotes the wavelength, and the 20 denotes the reference temperature. Therefore, the refractive index of water at 20 degrees Celsius, taken at the Sodium D line, would be reported as 1.3330 nD20. ( n0 =1.3330)
       The refractive index is commonly determined as part of the characterization of liguid samples, in much the same way that melting points are routinely obtained to characterize solid compounds. It is also commonly used to:
· Help identify or confirm the identity of a sample by comparing its refractive index to know values.
· Assess the purity of a sample by comparing its refractive index to the value for the pure substance.
· Determine the concentration of a solute in a solution by comparing the solution′s refractive index to a standard curve.   
       The determination of the concentration is shown below:

	 ;          where
                n – refractive index of identified solution,
               n0 – refractive index of solvent,
               F – factor,
               C – concentration of identified solution
       The speed of light in a substance is slower than in a vacuum since the light is being absorbed and reemitted by the atoms in the sample. Since the density of a liquid usually decreases with temperature, it is not surprising that the speed of light in a liguid  will normally increase as the temperature increases. Thus, the index of refraction normally decreases as the temperature increases for a liquid. For many organic liquids the index of recraction decreases by approximately 0.0005 for every 10C increase in temperature. However for water the variation is only about  -0.0001/ 0C.
       Dependence between refractive index and temperature is shown below:        
                       nt =  n0 + (20-t) × 0.0002 ; where
nt -  refractive index of identified solution,
n0 – refractive index of solvent,
t – a given temperature
       Many refractometers are equipped with a thermometer and a means of circulating water through the refractometer to maintain a given temperature. Most of the refractive index measurements reported in the literature are determined at 200C. 
                                          

                        Polarimetry ( the  determination  of  optical  rotation)
       Most of the light detected by our eyes is not polarized, that is the light waves vibrate randomly in all directions perpendicular to the direction of propagation of the wave. If normal light of this type is passed through a material that is itself chiral (e.g. the mineral Icelandic spar, or the compound, Polaroid, used in sunglasses) then the waves of light interact with the chiral material to produce light that is oscillating in only one plane. The light is called plane-polarised light. When plane-polarised light is passed through a solution containing an optically active substance, the chiral compound causes the plane of vibration of the light to rotate   ( the origin of the expression optical activity). If a second piece of chiral material fitted with a measuring protractor is now placed in the light path, the number of degrees of rotation can be measured and read off a calibrated scale. Optical  rotation  is  the  property  displayed  by  chiral  substances  of   rotating  the  plane  of  polarisation  of  polarised  light.
       This is a description of an instrument called a polarimeter, which is used to measure the angle of rotation of plane-polarised light. The simplest polarimeter consists of a monochromatic light source, a polarizer, a sample cell, a second polarizer, which is called the analyzer, and a light detector. The analyzer is oriented 900 to the polarizer so that no light reaches the detector.
Figure     . A diagram of a polarimeter.
       The  angle  of  optical  rotation  of  a  neat  liquid  is  the  angle  of   rotation  α, expressed  in  degrees  of  the  plane  of  polarisation  at  the  wavelength  of  the  D-line  of  sodium (λ =  589,3nm)  measured  at  200  c  using  a  layer  of  1dm ,  for  a  solution  the  method  of  preparation  is  prescribed  in  the  monograph
The  specific  optical  rotation  [α]20   of  a  liquid  is  the  angle  of  rotation  α , expressed  in  degrees  (0)  of  the  plane  of  polarisation  at  the  wave length  of  the  D-line  of  sodium  (λ =  589,3nm)  measured  at  200 c  in  the  liquid  substance  to  be  examined  calculated  with  refrence  to  a  layer  of  1dm  and  divided  by  the  density  expressed  in  grams  per  cubic  centimetre
The  polarimeter  must  be  capable  of  giving  readings  to  the  nearest  0,010.  The  scale  is  usually  checked  by  means  of  certified  quartz  plates.  The  linearity  of  the  scale  may  be  checked   by  means  of  sucrose  solutions.
The light source used in polarimetry is usually a sodium vapour lamp, which emits yellow light of a characteristic wavelength (the sodium D line, 589.3 nm). This light is polarized by a fixed filter (the polarizer) and passed through a sample cell containing a solution of the optically active substance. The plane of the light is rotated by the chiral compound and emerges from the sample cell, whereupon it enters a second, movable filter (the analyser). This filter has a scale marked out in degrees and allows the operator to measure the angle between the two filters and hence the angle of rotation of the light, α. Once the angle of rotation has been measured the specific rotation [α] of the substance may be calculated.


where [α] = specific optical rotatain, α = measured rotation in degrees, l = length of sample tube in decimeters (1dm = 10 cm), c = concentration of sample in % w/v.
       Values of [α] are quoted in British Pharmacopoeia (BP) monographs for chiral drugs and reagents and limits are set within which drugs of BP quality must comply. The specific optical rotation of a solid is always expressed with reference to a given solvent and concentration. The specific optical rotation of a liquid is obtained from equation, where d = relative density of the liquid.



       Compounds that rotate the plane of polarized light towards the right (clockwise) are called dextrorotatory (from the Latin: dexter=right), while compounds that rotate the plane to the left, or anticlockwise, are called laevorotatory (from the Latin leavus=left). The direction of rotation is often specified by the symbols (+) for dextrorotatory and (-) for laevorotatory and the direction is considered with the operator facing the light source.
       If a simple cell in a polarimeter contains equal amounts of the (+) and the (-) enantiomers, the angle of rotation due to one enantiomer will be equal and opposite to the angle due to the other and the net observed rotation will be zero. Such a mixture is called a racemic mixture or a racemate and is often encountered in the laboratory as a result of a non-chiral organic synthesis. The common synthesis of adrenaline (epinephrine), the ҅fight or flight ҆ hormone, yields a racemic mixture, which has precisely 50% of the biological activity of the natural hormone. Once the racemate is resolved into the two pure enantiomers, the (R)- (-)-adrenaline is found to be identical to the natural hormone produced by the adrenal medulla, while the other enantiomer, the      (S)-(+) isomer, has little or no biological activity (Figure  ). (The meaning and use of the (R) and (S) notation is described in chapter stereochemistry).







        
                Methods, based on absorption of electromagnetic radiation
       Electromagnetic radiation is a form of energy that is transmitted through space at enormous velocities. We call electromagnetic radiation in the UV/visible and sometimes in the region light, although strictly speaking the term refers only to visible radiation. Electromagnetic radiation can be describe as a wave with properties of wavelength, frequency, velocity and amplitude. In contrast to sound waves, light requires no supporting medium for its transmission; thus, it easily passes through a vacuum. Light also travels nearly a million times faster than sound.
                             
                                     Ultraviolet  and  visible  spectroscopy
       The interactions of radiation and matter are the subject called spectroscopy. Spectroscopic analytical methods are based on measuring the amount of radiation produced or absorbed by molecular or atomic species of interest. We can classify spectroscopic methods according to the region   the electromagnetic spectrum involved in the measurement. The regions of the spectrum that have been used include y-ray, X-ray, ultraviolet (UV), visible, infrared (IR), microwave, and radio-freguency (RF). Indeed, current usage extends the meaning of spectroscopy further to include techniques that do not even involve electromagnetic radiation, such as acoustic, mass, and electron spectroscopy.
       Analytical spectroscopy is the science of determining how much of a substance is present in a sample by accurately measuring how much light is absorbed or emitted by atoms or molecules within it. Different types of spectroscopy are available, depending on the type or wavelength of electromagnetic radiation absorbed or emitted by the atom or molecule.
       Light is a form of electromagnetic radiation, so called because it consists of an electric component and a magnetic component, which oscillate in mutually perpendicular directions and perpendicular to the direction of travel of the radiation through space.
       The tiny part of the electromagnetic spectrum that human eyes can detect (approximately 400-700 nm) is called the visible spectrum, and spectroscopy carried out at these wavelengths is termed visible spectroscopy or colorimetry . The part of the electromagnetic spectrum just beyond the red end of the visible spectrum is termed the infrared portion (approximately 4000-400 cm-1) and has wavelength and lower energy than visible light. Similarly, the part of thespectrum beyond the violet end of the visible is called the ultraviolet portion (approximately 200-400  nm)  and is of shorter wavelength and higher energy than visible light.
       Electromagnetic radiation can be thought of as a wave-form travelling through space, and the type of radiation used in a particular experiment depends on the information required from the experiment. One feature of the radiation, which is always quoted, is the wavelength of the light. The wavelength is defined as the distance from one wave crest to the next (or trough to trough) and is usually quoted in nanometers (nm, 10-9 m) to allow for reasonably sized numbers (Figure  ). The symbol for wavelength is λ the Greek letter lambda . The energy contained in the individual quanta of energy (photons) of a beam of radiation of a given wavelength is inversely proportional to the wavelength. This means that radio waves with wavelengths of several hundred metres have low energies, while gamma rays and X-rays are high-energy, short wavelength forms of radiation.
       Other terms used extensively in spectroscopy are the wavenumber and the frequency. The wavenumber is defined as the number of waves per unit of length (usually quoted in unit of  reciprocal centimeters  (cm-1; where 1 cm =  10-2 m) and is the reciprocal of the wavelength in centimeters, i.e. 1/λ. The use of wavenumber is usually confined to infrared spectroscopy.
       The frequency is defined as the number of waves emitted from a source per second; the unit of frequency is the hertz (Hz = 1 wave per second), and the symbol for it is ν (the Greek letter nu  ).
       The frequency and the wavelength are related by a constant called the speed of light, symbol c. This value (approximately 3× 108 m s-1) is the product of the frequency and the wavelength, i.e.
       Velocity of light = frequency × wavelength
	or
                             c = ν × λ
       Since both frequency and wavenumber are inversely proportional to wavelength, the energy of a proton is directly proportional to both of these quantities.
       The part of the molecule that is responsible for the absorption of light is called the chromophore (see Figure    ) and consists of a region of double or triple bonds, especially if the multiple bonds are conjugated, that is if the structure contains alternating multiple and single bonds. The longer the run of conjugated double or triple bonds in the molecule, the more easily the molecule will absorb light. Aromatic compound, which contain a benzene ring, will absorb ultraviolet light of wavelength 254 nm and this property is exploited in many spectroscopic analyses and in detectors for chromatographic systems. If the chromophore is more extensive, then the molecule will be excitable by light of lower energy, until, if the chromophore is very large, visible light will have sufficient energy to excite the electrons of the chromophore and the compound will absorb visible light. Chromophores are unsaturated organic functional groups that absorb in the ultraviolet or visible region.
       A molecule of this type, which absorbs light in the visible part of the electromagnetic spectrum, is said to be coloured because our eyes will detect the light reflected back from the compound, which will be the complementary colour to the light absorbed. White light is made up of all the colours of the rainbow, and can be split into its constituent colours by a prism or droplet of water. For example, if a dye molecule absorbs light of red, orange and yellow wavelengths, our eyes will detect the reflected blue, green and purple light and we will see the material as coloured blue. Similarly, a red dye will absorb the short wavelength blue light and reflect the reds and oranges back to our eyes.
       The wavelength at which the absorbance (A) is highest is called the max (read as “lambda max”) and is a characteristic of a particular chromophore. The max of a compound is sometimes used for identification of drugs and unknown compounds.
      A shift in max towards longer wavelength is referred to as a bathochromic or red shift,  because red is the colour at the long wavelength end of the visible spectrum. A bathochromic shift usually occurs due to the action of an auxochrome. This is a functional group attached to the chromophore which does not absorb light energy itself but which influences the wavelengths of light absorbed by the chromophore. Examples of auxochromes include the –NH2, -OH and –SH groups. These functional groups possess lone pairs of non-bonded electrons that can interact with the  electrons of the chromophore and allow light of longer wavelength to be absorbed. 
       A shift in max  to shorter wavelength is called a hypsochromic effect, or blue shift, and usually occurs when compounds with a basic auxochrome ionize and the lone pair is no longer able to interact with the electrons of the chromophore. Hypsochromic effects can also be seen when spectra are run in different solvents or at elevated temperatures. 
       Bathochromic and hypsochromic effects are seldom seen in isolation. Bathochromic effects are usually associated with increases in the intensity of light absorbed, while hypsochromic effects usually occur with decreases in absorbance. An effect that causes an increase in light absorbance is called a hyperchromic effect, while a decrease in the intensity of light absorbed is termed a hypochromic effect.      [image: ]
       An instrument that measures the intensity of light absorbed by atoms or molecules is called a spectrophotometer. The source or lamp is really two separate lamps which, taken together, cover the whole of the visible and ultraviolet regions of the electromagnetic spectrum. For white visible light a tungsten lamp is used. This lamp is nothing more sophisticated than a lamp bulb with a filament made of the metal tungsten. A tungsten lamp emit light of wavelengths 350-2000 nm and is adequate for colorimetry.
        For compounds  that absorb in the ultraviolet region of the spectrum, a deuterium is one of the heavy isotopes of hydrogen, possessing one neutron more than ordinary hydrogen in its nucleus. A deuterium lamp is a high-energy source that emits light of approximately 200-370 nm and is used for all spectroscopy in the ultraviolet region of the spectrum.
       For most quantitative measurements light must be monochromatic, i.e. of one particular wavelength. This is achieved by passing the polychromatic light (i.e. light of many wavelengths) through a monochromator. There are two types of monochromator in moden spectrophotometers: prisms or diffraction gratings.
                              


                                     Beer's and Lambert's laws
       The quantitative aspects of spectrophotometry are based on two very similar laws. The first is Beer's law, which states that  "the intensity of a beam of parallel, monochromatic light decreases exponentially with the concentration of the absorbing molecules". Beer's law can be expressed mathematically as
                      I = I0 e-k'c
where I0 is intensity of light incident on the sample, I is intensity of light transmitted by the sample, k' is a constant and c is the concentration of the sample.
                                        Infrared spectroscopy
       Infrared (IR) spectroscopy is a very useful technique for the identification of unknown compound, e.g. products from a synthesis or urinary metabolites from an animal experiment, expecially when used in conjunction with other structure elucidation techniques such as nuclear magnetic resonance and mass spectrometry.
       The infrared region of the delectromagnetic spectrum refers to light of wavelength 2.5-to 15 µm (i.e. 2.5 x 10-6 to 15 x 10-6 m) and the absorption of this light by the molecule causes changes in the vibrational energy of the molecule in its ground state. Vibrational transitions are always associated with changes in the rotation of atoms about chemical bonds. This is analogous to electronic transitions in the absorption of ultraviolet energy, which also result in vibrational and rotational transitions. The usefulness of  IR stems from the fact that each peak on the spectrum can be assigned to a particular bond, or functional group in the molecule. This often means that IR spectra are complex, with perhaps as many as 20 or 30 peaks on one spectrum. Identification of chemical unknowns is made easier, however, because certain functional groups always appear in the same region of the IR spectrum.
       Single bonds (e.g. O-H, N-H, C-H) absorb in the high-frequency part of the spectrum (approximately 4000-2100 cm-1). This is because the low mass of the hydrogen atom allows vibrations to occur at high frequency. Triple bonds (e.g. in CN-) absorb at approximately 2100-1900 cm-1, while double bonds (e.g. C=O, C=C) absorb at approximately 1900-1500 cm-1. The region of the IR spectrum corresponding to wavenumber less than approximately 1500 cm-1 is due to stretching of the molecule as a whole and the peaks in this region are more difficult to assign accurately. This region of the spectrum is called the fingerprint region, since the pattern of peaks occurring in this region is characteristic of the compound in question and no other. Use is made of this property in the British Pharmacopoeia where two samples are said to be identical when the IR spectra, obtained under identical conditions, coincide completely – i.e. the same peaks are present in the same positions with the same intensities. Reference IR spectra of authentic samples of a drug are published in the BP to verify the identity of unknown samples.  
                    
                                    Electrochemical methods
                                          a) Potentiometry
       Potentiometric methods of analysis are based on measuring the potential of electrochemical cells without drawing appreciable current. For nearly a century, potentiometric techniques have been used to locate end points in titrations. In more recent methods, ion concentrations are measured directly from the potential of ion-selective membrane electrodes. These electrodes are relatively free from interferences and provide a rapid, convenient, and nondestructive means of quantitatively determining numerous important anions and cations.
       Analysts make more potentiometric measurements than perhaps any other type of chemical instrumental measurement. The number of potentiometric measurements made on a daily basis is staggering. Manufacturers measure the pH of and concentration of pollutants; and oceanographers determine carbon dioxide and other related variables in sea water. Potentiometric measurements are also used in fundamental studies to determine thermodynamic equilibrium constants. These examples are but a few of the many thousands of applications of potentiometric measurements.    
       The  pH  is  a  number  which  represents  conventionally  the  hydrogen  ion  concentration  of  an  aquous  solution  for  practical  purposes , its  definition  is  an  experimental  one.  The  pH  of   a  solution  to  be  examined  is  related  to  that  of   a  reference  solution  (pHs)  by  the  following  equation :


	    

solution  to  be  examined  and  Es    is  the  potential  expressed  in  volts,of  the  cell  containing  the  solution  of  known  pH  (pHs) .
       The  potentiometric  determination  of  pH  is  made  by  measuring  the  potential  difference  between  2  approriate  electrodes  immersed  in  the  solution  to  be  examined : one  of  these  electrodes  is  sensitive  to  hydrogen  ions (usually  a  glass  electrode)  and  the  other  is  the  reference  electrode (  for  example,  a  saturated  calomel  electrode). All calomel electrodes are saturated with Hg2Cl2 (calomel).
                                b)  Ionometry
       This method base on concentrate of substance′s ions. It is widely used for determination of sodium, potassium, calcium ions, halogenids in multicomponent mixtures also in medicine forms.	
                                          c) Polarography
       Polarography is an electrochemical method of analysis based on the measurement of the current flow resulting from the electrolysis of a solution at a polarizable microelectrode, as a function of an applied voltage. Polarography, which is still an important branch of voltammetry, differs from other types of voltammetry in that a dropping mercury electrode (DME) is used as the working electrode. Voltammetric methods are based on measurement of current as a function of the potential applied to a small electrode.
                                   Volumetric Analysis of Drugs
       Volumetric analysis is analysis carried out by the accurate measurement of  volumes. To measure volumes accurately, use must be made of volumetric glassware. Analytical pharmaceutical chemistry is first and foremost a practical subject, and the laboratory is the best place to get to grips with the techniques required for consistent, reproducible analysis. The  fundamental unit of quantity or amount of substance used in chemistry is the mole. The mole is the amount of a substance (either elements or compounds) that contains the same number of atoms or molecules as there are in 12.0000 g of carbon-12.  This number is known as the  Avogadro number, or Avogadro's constant, and has the value 6.02 x 1023. When this amount of substance is dissolved in solvent (usually water) and made up to 1 litre, a 1 molar ( 1M) solution is produced. In a similar way, if one mole of substance were made up to 2 litres of solvent, a 0,5 M solution would result, and so on. The litre is not the SI unit of volume but, along with the mililitre (mL), is still used in the British Pharmacopoeia.
         BACK AND BLANK TITRATIONS
       Back titrations are often combined with blank titrations, particularly if there is some concentration of a volumetric reagent changes during the assay. 
       A back titration involves addition of a known excess of reagent to the sample ( this drives the reaction to completion) and titration of the unreacted excess of reagent with a suitable titrant. The volume that reacted with the sample is determined by simple subtraction. For example, if 50.0 mL of reagent were added to the sample and the back titre was 30.0 mL  then, clearly, 20.0 mL  of reagent has reacted with the sample.
       In a blank titration, the assay is carried out, then repeated without any sample being present. This appears, at first sight, to be a perfect waste of time, but determinations of this type allow the analyst to measure any changes that occur to the reagent during the course of the assay. If the procedure involves heating and subsequent cooling of the sample (e.g. to allow the sample to dissolve), some of the volumetric reagent may be lost either by evaporation or mechanically due to splashing or bubbling. The blank determination must be identical to the test determination in every way except, of course, that there is no sample in the blank. This means that heating times, dilutions, etc. must all be duplicated exactly.
       The best way to illustrate the procedures adopted for back and blank titrations is to consider an example, the determination of chalk, or calcium carbonate, CaCO3. Chalk is used as an antacid and indigestion remedy, particularly in children, and is official in the British Pharmacopoeia as the powder and the mixture.
       The official assay is by the addition of a known excess of hydrochloric acid and back titration of the unreacted excess with sodium hydroxide. A blank determination is carried out since the sample is heated and cooled. The calculation will be carried out unitially as a back titration without a blank and then compared with the answer obtained when the blank is taken into account. The calculation should be studied closely as there are subtle differences between the back and blank calculations.
         The chemical reactions taking place are as follows.
          CaCO3 + 2HCl (in excess)  CaCl2 + CO2 + H2O
 Then 
          2 HCl (unreacted excess) + 2NaOH  2NaCl + 2H2O
  The relative molecular mass of chalk is 100.1, so that
          1 mole CaCO3  2 moles HCl  2 moles NaOH
   Therefore,  
           100,1 g CaCO3  2000 mL  1 M HCl
                                      2000 mL  1M NaOH
    and
          0.05005 g CaCO3  1 mL 1M HCl
               	 1 mL 1M NaOH
       In the experiment, approximately 1.5 g of sample was weighed and added to 100 mL of water in a conical flask and 50.0 mL of 1 M hydrochloric acid was added by pipette. The mixture was boiled gently for 2 minutes and cooled and the unreacted HCl was titrated with 1 M NaOH using methyl orange as indicator. The entire procedure was repeated omitting the simple and the  %  w/w CaCO3  in the sample was determined.
                                  NON-AQUEOUS TITRATIONS 
       Non-aqueous titrations are titrations carried out in the absence of water. They are particularly useful for the assay of drugs that are very weakly acidic or basic, so weak in fact that they will not ionise in aqueous  conditions. Water, being an amphoteric compound, acts to suppress the ionization of very weak acids and bases. All the apparatus and glassware for a non-agueous titration must be scrupulously dry, as even a drop of water will ruin the whole assay. All glassware should be rinsed with distilled water, rinsed again with a volatile solvent such as acetone, then dried thoroughly in an over or hot air dryer. It is also a good idea to remove all wash bottles from the laboratory. There is no sadder sight than to watch a student conscientiously carry out a non-aqueous titration and then spoil all the hard work by thoughtlessly adding water from a wash bottle.
       Non-aqueous titrations are widely used for the assay of drug substances. A large number of drugs are either weakly acidic (such as barbiturates, phenytoin or sulfonamides), or weak bases ( antihistamines, local anaesthetics, morphine, etc.). The weak acids are usually titrated with tetrabutylammonium hydroxide (N(Bun)4OH) or potassium methoxide (CH3OK) in dimethylformamide (DMF) as solvent. Weak bases are dissolved in glacial acetic acid and titrated with perchloric acid (HClO4). When a strong acid, such as perchloric acid, is dissolved in a weaker acid, such as acetic acid, the acetic acid is forced to act as a base  and accept a proton from the perchloric acid. This generates an onium ion, which functions, in the absence of water, as a super-strong acid, and it is this species that reacts with the basic drug.
       The reactions occurring are as follows.
       HClO4 + CH3COOH  CH3COOH2+ + ClO4-
        CH3COOH2+   + base    CH3COOH + base H+
Overall, the reaction is 
     HClO4  + base    base H+ + ClO4-	
That is, the perchloric acid acts as a monoprotic acid and 1 mole of perchloric acid is equivalent to 1 mole of basic drug. The derivation of the equivalent and the calculations required are the same as for their aqueous counterparts.

                                             REDOX  TITRATIONS
       Redox titrations are titrations that involve the processes of oxidation and reduction. These two processes always occur together and are of huge importance in chemistry. (Oxidation is defined as the loss of hydrogen, or the gain of oxygen, or the loss of electrons. Reduction is defined as the gain of hydrogen, or the loss of oxygen, or the gain of electrons.)   
       In a REDOX titration, the equation for the reaction is balanced not by counting the moles of atoms reacting but rather by counting the moles of electrons transferred in the process. This can be illustrated by considering the standartisation of the common reagent potassium permanganate solution with the primary standard, oxalic acid. This natural compound can be obtained in high purity and is well-known in pharmacognosy as the toxic constituent of rhubarb leaves.
       The reactions occurring are as follows.
        MnO- 4 + 8H+ + 5e - → Mn2+ + 4H2O
        (COOH)2  → 2 CO2 + 2H+ + 2e – 
If the equation is balanced in terms of electrons:
2 MnO -(10e -) = 5 (COOH)2 (10e -)
2000 mL  1M MnO-4  = 5× 126.1 g oxalic acid
1 mL  0.02 M MnO-4  = 0.006305 g oxalic acid
       Other REDOX reagents include iodine (I2), either by itself in a forward titration or in a back titration with sodium thiosulfate (Na2S2O3), and complex salts of the metal cerium (such as ammonium cerium sulfate, Ce(SO4)2 ×2 (NH4)2 SO4 × 2H2O).  Salts of this type are complex by name as well as by formula, but in reality behave as 
       Ce 4+ + e- → Ce 3+ 
in  solution. In the case of cerium, only one electron is transferred, and calculation of the equivalent relationship is very straightforward.
       A good example of a back titration involving iodine and thiosulfate is the assay of resorcinol in Resorcinol Solution BP. Resorcinol is an antiseptic that was widely used in the past, although less so now. The assay of resorcinol involves a quantitative electrophilic aromatic substitution reaction using bromine as the reagent, as shown in Figure     .
Figure      . The reaction of resorcinol with bromine.
       Bromine is a vapour at room temperature and pressure and so cannot be measured accurately by pipette. It is also an extremely corrosive compound, irritant to eyes, lungs and mucous membranes. To overcome these difficulties, the bromine required for reaction with the resorcinol is generated in situ by reaction of potassium bromated and potassium bromide in the presence of strong mineral acid.
       KBrO-3 + 5 KBr + 6HCl → 3 Br2  + 3H2O + 6KCl
       To ensure that the bromination reaction proceeds quantitatively to the right-hand side, an excess of bromine is generated and the volume of bromine that does not react with resorcinol is determined by back titration. Bromine cannot be titrated easily, so the excess bromine is determined by addition of an excess of potassium iodide and titration of the liberated iodine with sodium thiosulfate.
       Br2 + 2 KI → I2 +  2KBr
       I2 + 2 Na2 S2 O3 → 2 NaI + S4O6  
       This assay is great fun to do because the whole titration is carried out using a special type of conical flask called an iodine flask. This type of flask has a glass well around the stopper into which the titrant is added. The stopper is then gently rotated (but not removed!) to allow titrant to enter. The iodine flask is used for two reasons: a) to prevent the escape of volatile bromine reagent; b) to allow the contents to be shaken vigorously as the end point is approached.
       Some analysts choose to add a non-polar solvent such as chloroform to the reaction. The chloroform acts as a solvent for the iodine (which is not very soluble in water) and, by concentrating the colour in a small volume, increases the sensitivity of the assay. Often, a small amount of starch undicator is added (to the well of the flask) as the end point is approached. Starch forms a blue-black complex with iodine and the end point of the titration is reached when the blue colour in the chloroform has disappeared.                    
                            COMPLEXIMETRIC TITRATIONS
       Titrations of this type rely on the formation of complexes between metal ions and compounds capable of donating electrons to form stable, soluble complexes. Compounds of this type are called (not surprisingly) complexing agents, while complexing agents, while complexing agents that form water-soluble complexes with metal ions are termed sequestering agents. The most commonly used agent of this sort is disodium edetate.
       Disodium edetate has the structure shown in Figure     and ionizes with the release of two H+ ions. For this reason, compleximetric titrations involving disodium edetate require an alkaline pH  and a buffer to ensure that the released protons do not lower the pH. The usual buffer is ammonia solution, which buffers to around pH 10. Careful choice of buffer conditions can allow the assay of several different metal ions in the same sample; for example, in the assay of Intraperitoneal Dialysis Solution BPC, both Ca2+ and Mg2+ are assayed by titration with 0.02 M disodium edetate.
Figure     . The structure of disodium edetate.
       The concentration of metal ions in electrolyte preparations is often stated in millimoles per litre or sometimes milimoles per mL, where a millimole is simply one thousandth of a mole. This means that the method of deriving the equivalent relationship needs to be altered slightly from that previously stated. Using calcium ions as an example:
       1 mole Ca2+ ions ≡ 1 mole disodium edetate
       1 mole Ca2+ ions ≡ 1000 mL 1 M disodium edetate
       1 milimole Ca2+ ions ≡ 1 mL 1 M disodium edetate
       0.02 millimole Ca2+ ions ≡ 1 mL  0.02 M disodium edetate.
       This implies that for every 1 Ml of titrant added from the burette, 0.02 millimoles of calcium will be complexed. The relationship is called a millimolar equivalent.
      Older readers may remember the use of milliequivalents per litre as a mean of describing electrolyte concentrations. Derivation of milliequivalents relies on calculation of the equivalent weight of the sample. 
       For metal ions, the equivalent weight is found by dividing the relative atomic mass of the ion in question by its valency. In the case of monovalent ions such as Na+ and K+ this is straightforward, since the relative atomic mass and the equivalent weight are the same. For divalent ions such as Ca2+ and Mg2+ the eguivalent weight is half the relative atomic mass, while for trivalent ions (e.g. Al3+) the eguivalent weight is a third of the relative atomic mass. The use of eguivalent weights was discarded in pharmacy some years ago but, unfortunately, some physicians still prescribe injections and infusion solutions in terms of milliequivalents of ion per litre.
       The indicators used in compleximetric titrations are usually themselves compexing agents, which form weak complexes with the metal ion when added initially. As the edentate solution is titrated, the weak complex is displaced by the stronger edetate complex to reveal the free colour of the indicator. The most commonly used indicator is known by the sinister name of mordant black. This indicator forms wine-red complexes with metal ions, but changes to a dark blue colour at the end point when the edentate has displaced all of the metal ions from the indicator complex. 
       Disodium edetate really is God′ s gift to undergraduates. It is a stable, water-soluble compound that gives sharp end points and, best of all, reacts with most metal ions in a 1:1  molar ratio irrespective of the valency of the ion. In this way, metal ions such as Zn2+, Ca2+ and Al3+ can all be assayed in 
pharmaceutical samples.      
                                   ARGENTIMETRIC TITRATIONS
       As the name suggests, these assays all involve silver nitrate (AgNO3). This salt is the only water-soluble salt of silver, so reaction of silver nitrate with any other salt will result in the production of a precipitate. Salts such as sodium chloride (NaCl) and potassium cyanide (KCN) can be assayed in this way.
       AgNO3 + NaCl → AgCl(ppt) + NaNO3
       AgNO3 + KCN → AgCN(ppt) + KNO3
       The sample of salt is dissolved in water and titrated with standardised silver nitrate solution until all the silver salt has precipitated. Titrations of this type can be self-indicating, but usually an indicator is chosen that gives a coloured pcecipitate at the end point. In the assay of NaCl, potassium chromate is added to the solution; once all the NaCl has reacted, the first drop of AgNO3 in excess results in the precipitation of red silver chromate, which changes the colour of the solution to one of brown-red.
                                              LIMIT TESTS
       Limit test are quantitative or semi-quantitative tests used in the British Pharmacopoeia to identify and control small quantities of impurity that may be present in drug samples. A sample of the drug is reacted to produce a colour (usually) and the intensity of the colour is compared with that obtained from a known amount of standard drug. The colour obtained from the standard sample represents the absolute upper limit (hence the name of the technique) of impurity permitted in the sample of drug.
       A typical example of the limit test is the test for salicylic acid in a sample of Aspirin BP. Salicylic acid is formed by hydrolysis of aspirin (or may be an impurity from the synthesis). The test involves comparing the violet colour produced when the sample is reacted with ferric chloride with that obtained from a standard salicylic acid solution.
       The procedure is as follows.
       Dissolve 0.1 g of the sample in 5 mL of ethanol (96%) and add 15 mL of iced water and 0.05 mL of a 0.5% w/v solution of iron(III) chloride hexahydrate. After 1 minute the colour of the solution is not more intense than that of a solution prepared at the same time by adding a mixture of 4 mL of ethanol (96%),  0.1mL of 5 M acetic acid, 15 mL of water and 0.05 mL of a 0.5% w/v solution of iron (III) chloride hexahydrate to 1 mL  of a 0.0050% w/v solution of salicylic acid in ethanol (96%).
       The absolute limit for salicylic acid in Aspirin BP is 500 ppm, as can be shown below.
       1 mL of 0.0050% w/v solution of salicylic acid ≡ 0.1 g aspirin
       1 mL of 0.005 g/100 mL solution of salicylic acid ≡ 0.1 g aspirin
       1 mL of 0.00005 g/mL solution of salicylic acid ≡ 0.1 g aspirin
       0.00005 g salicylic acid ≡ 0.1 g aspirin
       50 µg salicylic acid ≡ 0.1 g aspirin
       500 µg salicylic acid ≡ 1.0 g aspirin = 500 ppm
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