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មខុ�ជា� ៖ 

�ម��ភាគ 

ក��ប់សមត��ពទី ១

ចំេណះដឹងឯកេទសក�មិតបរ����ប�ត

ការពណន៌ាអពំ�មខុ�ជា�  

 មុខវ����គីមីវ��គ�នទំ�ក់ទំនង���ងជិតសិ�ទ��មួយមុខវ����គីមីេ�មធ��មសិក�� និង

ឧត�មសិក��ែដល�ន�បេ�ជន៍ស��ប់េ�ក�គ�អ�ក�គ�ែដល�នឯកេទសគីមីនិងគីមីវ��

គ។ គីមីវ��គគឺ�ែផ�កមួយៃនគីមីែដលសិក��ពី៖ 

 ១) �បតិកម�ក��ងសូលុយស���ងទឹក(លក�ណ:េអឡិច�ត�លីត សូលុយស���ង លក�ណៈ

របស់សូលុយស���ង �បតិកម�បេង�ើតកករ �បតិកម��សុីត�ស �បតិកម�េរដុក និង �រវ��គ

រ���ស់���ស េស�ើស���េម�ទី និង អ�� កម��េដើម)។២) លំនឹងគីមី(លំនឹងគីមី លំនឹងរូប េថរ

លំនឹង �រគណ�េថរលំនឹង ទំ�ក់ទំនង Kc និង Kp និងក���ែដលជះឥទ�ិពលដល់លំនឹងគី

មី។ ៣) លំនឹង�សុីត �ស(�ទឹស�ី�សុីត �ស �រសរេសរ កេន��មលំនឹង ទំ�ក់ទំនងKa

និង Kb សូលុយស���ងតំបុ៉ង �រគណ� pH អ��កម��សុីត �ស (មូ៉ណ��សុីត �ស បូ៉លី

�សុីត បូ៉លី�ស) 
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លទ�ផលស�ក�រំព�ងទកុ 

េ��យពីប��ប់�រសិក��មុខវ����េនះេ�យេ�គជ័យអ�កសិក��នឹង៖ 

លទ�ផលរ�ពឹងទុកទី១ វ����សម���៖ ចប់េមេរៀនេនះគរុនិស��ិត�ច 

CLO1. េរៀប�ប់ពីមូល���ន�គឹះៃន�ក��បេច�កេទស និងប��តក��ងគីមីវ��គ។ 

CLO2. ពណ៌��ប�ណវ�ធីទំហំបូក�ន និងទំហំបូកមិន�ន េ�ក��ង�បព័ន�គីមី 

CLO3. ពណ៌�ពីេ�ល�រណ៍�គឹះៃន�បតិកម�ក��ងសូលុយស���ង លំនឹងគីមី លំនឹង�សុ ី

ត�សលំនឹងបេង�ើតកករ និងលំនឹងបេង�ើតកំុផ�ិច�េដើម។ 

CLO4. េរៀប�ប់ពីសុវត�ិ�ពក��ងទីពិេ�ធ និងដំេណើរ�រពិេ�ធន៍មួយចំនួន។ 

 

 

 

 

 

 �  

  

 

 

៤) លំនងឹបេង�ើតកករនងិអ��កម�(ក�មិតរ�យ �រសរេសរ កេន��មក�មតិ

រ�យ ទំ�កទ់ំនង ក�មតិរ�យ និងេថរផលគណុក�មិតរ�យ អ��កម�

កករ)។ លំនងឹ អកុសុដីូ េរដុកម� នងិអ��កម�)។ លនំឹងបេង�ើតកំផ�ចិ(�រ

បេង�ើតកុំផ�ចិ �រេ�េ���ះកុផំ�ិច)។ 

�ប�នបទស�ំន់ៗ ែដល�ត�វ�នកណំតក់��ងមុខវ����េនះរួម�ន៖

�បតកិម�ក��ងសលូុយស���ងទកឹ លនំឹងគមីី លំនងឹ�សុតី �ស នងិអ��កម� 

លំនងឹបេង�ើតកករ និងអ��កម� លនំងឹអកុសុីដ ូ េរដុកម� និងអ��កម� លំនឹង

បេង�ើតកុំផ�ចិ នងិពិេ�ធន៍។ 
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លទ�ផលរ�ពឹងទុកទី២ បំណិនសម���៖ ចប់េមេរៀនេនះគរុនិស��ិត�ច 

CLO5. កំណត់មូល���ន�គឹះៃនគីមីវ��គ �ម�តុភូតរូប និង�ម�តុភូតគីមី�ន�តឹម

�ត�វ 

CLO6. កំណត់ពីលក�ណៈសូលុយស���ងតំបុ៉ង ទេង�ើ បេ�មើប��ស់ ព��ករណ៍�បតិកម�

បេង�ើតកករ 

CLO7. កំណត់�នពី�រេ�ជើសេរ�សអង��តុចង��លពណ៍សម�សប និងកំណត់ចំណ�ច

សមមូលក��ងអ��កម�។ 

CLO8. អនុវត�ន៍�ទឹស�ី�សុ ីត �សក��ង�ររស់េ��ប�ំៃថ� និង ពិេ�ធន៍�ក់ែស�ង។ 

លទ�ផលរ�ពឹងទុកទី៣ ឥរ��បថសម���៖ ចប់េមេរៀនេនះគរុនិស��ិត�ច 

CLO9. �ប�ន់���ប់�រេ�បើ��ស់មូល���ន�គឹះៃនគីមីវ��គេដើម��ីេ�ះ��យចំេ�ទ

ប���ក��ងSTEM េឆ�ើយតបេ�នឹងបំណិនសិក��ក��ងសតវត��ទី២១។ 

CLO10. �នទំនួលខុស�ត�វ��ប�ំ ក��ង�រេធ�ើ�រ�រេ�យឯក�ជ�� និងពិ�ក����កុម

េ�យ យកលំ�ំៃន�រសិក��េពញមួយជីវ�ត។ 
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រងា� យតៃម�ស�ក� 

េដើម��ីបំេពញ�គប់លក�ខណ�ប��ប�់រសិក��មុខវ����េនះ អ�កសកិ���ត�វ 

 

 ១. វត��នចលូសកិ�� ១០% 

 ២. �រចលូរួមសកម��ពសកិ�� ២០% 

   ៣. �រ�យតៃម�កឡំ�ងេពលសិក�� ៣០% 

   ៤. �រ�បឡងប��ប់មខុវ����សិក�� ៤០% 

�ច�ការ្រត�វអនវុត�េដ�ម្ប�សេ្រមចលទ�ផលស�ក�រំព�ងទកុ៖ 

េ��យពបី��ប�់រសិក��មុខវ����េនះេ�យេ�គជយ័អ�កសិក��នឹង៖ 

 
កិច��រទី ១៖ េតស� Google Form 

កិច��រទី ២៖ កិច��រឆ��ះប���ំង 
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គណៈកម�ការ 
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១. គណៈកម�ការ្រគប្់រគង 

១. ឯកឧត�មបណ�ិតស��រ�� ហងជ់នួ ណារ ៉នុ រដ�ម�ន�ី�កសួងអប់រ� យុវជន និងកី� 

២. ឯកឧត�មបណ�ិតស��រ��   ណាត ប៊នុេរឿន   រដ�េល�ធិ�រ�កសួងអប់រ� យុវជន និងកី� 

៣. ឯកឧត�មបណ�ិត         េជត ជាល�   �កលវ�ទ��ធិ�រ�កលវ�ទ��ល័យភូមិន�ភ�ំេពញ 

៤. េ�កបណ�ិត   ឈនុ ហកុ    �កលវ�ទ��ធិ�ររង �កលវ�ទ��ល័យភូមិន�ភ�ំេពញ 

៥. េ�ក         ប៉ាល ់ែដល �កលវ�ទ��ធិ�ររង �កលវ�ទ��ល័យភូមិន�ភ�ំេពញ 

៦. េ�កបណ�ិត         សំេអា អងា� រតន ៍   អគ��យករង អគ��យក���នេ�លនេ��យ និងែផន�រ 

៧. េ�ក          ្រព�ង មរកត    �ប�ន�យក���នមធ��មសិក�� 

២. គណៈកម�ការន�ពន� េរៀបេរៀង ន�ងចង្រកង 

១. េ�កបណ�ិត        សខុ ស្ូរត  �ពឹទ�បុរសម�វ�ទ��ល័យអបរ់�ៃន�កលវ�ទ��ល័យភូមិន�ភ�េំពញ 

២. េ�ក មាក កាេមរ៉ាន �ពឹទ�បុរសម�វ�ទ��ល័យវ�ទ����ស�ៃន�កលវ�ទ��ល័យភូមិន�

ភ�ំេពញ 

៣. េ�កបណ�ិត ជយ័ ចានេ់អឿន �ពឹទ�បុរសរងម�វ�ទ��ល័យវ�ទ����ស�ៃន�កលវ�ទ��ល័យភូមិន�

ភ�ំេពញ 

៤. េ�កបណ�ិត        មម៉ សជុា�    �ពឹទ�បុរសរងម�វ�ទ��ល័យអប់រ�ៃន�កលវ�ទ��ល័យភូមិន�

ភ�ំេពញ 

៥. េ�ក         សតុ �សាល     �ប�នេដ���តមឺ៉ង់សិក��អប់រ�ៃន�កលវ�ទ��ល័យភូមិន�ភ�េំពញ 

៦. េ�កបណ�ិត  ឃនុ �មលាង �ប�នេដ���តមឺ៉ង់របូវ�ទ��ៃន�កលវ�ទ��លយ័ភូមិន�ភ�េំពញ 

៧. េ�ក�សីបណ�ិត                        ស៊ ូកល�ណ អនុ�ប�នេដ���តឺម៉ង់របូវ�ទ��ៃន�កលវ�ទ��ល័យភូមិន�ភ�េំពញ 

៨. េ�ក ហង ់សុ�ម  ������រ��េដ���តឺម៉ង់របូវ�ទ��ៃន�កលវ�ទ��ល័យភូមិន�ភ�េំពញ 

៩. េ�ក        ដងួ េបង៉អាន អ�កស�មបស�ម�លកម�វ�ធីមធ��មសិក�� ម�វ�ទ��ល័យអបរ់� 

១០. ក���       ហងុ ៃឡេហៀក  បុគ�លិកម�វ�ទ��ល័យអប់រ�ៃន�កលវ�ទ��ល័យភូមិន�ភ�េំពញ 

១១. េ�ក        េស� ពន�ក         បុគ�លិកម�វ�ទ��ល័យអប់រ�ៃន�កលវ�ទ��ល័យភូមិន�ភ�េំពញ 

៣. គណៈកម�ការ្រត�តព�ន�ត្យ ន�ងែកលម� 

១. េ�កបណ�ិត   សំេអា អងា� រតន ៍ អគ��យករង អគ��យក���នេ�លនេ��យ និងែផន�រ 

២. េ�ក    ្រព�ង មរកត         �ប�ន�យក���នមធ��មសិក�� 

៣. េ�ក    េង៉ា េបង៉ឡងុ  �ប�ន�យក���នបណ��ះប���ល និងវ��កតឹ���រ 

៤. ឯកឧត�មបណ�ិត   ស�ត េសង       �យកវ�ទ�����នគរេុ�សល���ជ�នីភ�ំេពញ 

៥. េ�កបណ�ិត                        ឈកូ ចន័�ឆាយា  អនុ�ប�ន�យក���នបណ��ះប���ល នងិវ��កឹត���រ 

៦. េ�ក    ែកវ សារ៉ាត ់       ទី�បកឹ��បេច�កេទសគេ��ងែកលម��រអប់រ�ចេំណះទូេ� 

៤. ការ�កុំព្យទូរ័ 
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១. េ�ក    េ�៉ ម៉ារ៉ាឌ� បុគ�លិកម�វ�ទ��ល័យអប់រ�ៃន�កលវ�ទ��ល័យភូមិន�ភ�េំពញ 

២. េ�ក ឌន សំណាង      បុគ�លិកម�វ�ទ��ល័យអប់រ�ៃន�កលវ�ទ��ល័យភូមិន�ភ�េំពញ 

លទ�ផលស�ក�រំព�ងទកុ 
�រសិក��ក��ងកម�វ�ធីេនះគឺេ���តេលើ�បតិបត�ិ�ក់ែស�ងរបស់អ�កសិក��ែដលអនុវត����ល់េ���េរៀ

ន។ �ំងអ�កសិក�� និងសិស�� (ែដលអ�កសិក��នឹងេធ�ើ�រ�មួយ���ល់) �ំ�ច់�ន (១) បំណិនចិត�សង�ម 

(២) បំណិនពុទ�ិ និង (៣) បំណិនបេច�កេទស �មូល���ន (ដូចក��ងរូបទី១)។ ក��ប់សមត��ព�ំងបី�ង

េដើមនឹងជួយឱ��អ�កសិក�� អភិវឌ��បំណិនចិត�សង�ម បំណិនពុទ�ិ និងព�ងឹងសមត��ពែផ�ក (ក)�រសេ�មចចិត� 

ទំ�ក់-ទំនង េសចក�ីអំណត់ ទឹកចិត��ណិត�សូរ និង�រ�គប់�គងខ��នឯង ែថម�ំង�ចអនុវត��របេ�ងៀនមុខ

វ���� ឯកេទសគីមី�បកបេ�យវ����ជីវៈ និងន�នុវត�ន៍េ�យេ�បើ��ស់ឧត��នុវត�ន៍េផ��ងៗ (ខ) �រេ�ះ��យ

ប��� និង �រេរៀបចំនិង�រ�ត់ែចង (គ) បេច�កេទសក�មិតមធ��ម និងក�មិតខ�ស់។  

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

េ�យែឡក ស��ប់អ�កសិក��កម�វ�ធីេនះ���ល់ នឹងទទួល�ន៖  

(១) ចេំណះដឹងឯកេទសគមីកី�មតិបរ����ប�ត 

 មុខវ���� គីមីរូប 

 មុខវ���� គីមីសរ��ង� 

 មុខវ���� គីមីវ��គ 

 មុខវ���� គីមីអសរ��ង� 

 មុខវ���� សិ�តិវ��គស��ប់អ�កគីមី 

បណំនិចតិ�សង�ម 

 �រយល់ដឹងពីខ��នឯង 

 �រ�គប់�គងខ��នឯង 

 �រយល់ដឹងពីសង�ម 

 ជំ�ញទំ�ក់ទនំង 

បណំនិបេច�កេទស 

 សហ�គិន�ព 

 ឌីជីថល 

បណំនិពទុ� ិ

 បំណិនមូល���ន�គឹះ 

- �រសិក��ទូេ�  

(អក�រកម� េលខនព�ន�) 

- ពុទ�ទិូេ� 

 បំណិន�រគតិ 

ក�មតិ�នែ់តខ�ស់ 

(ក) 

(ខ) 

(គ) 

រូប�ពទី១ 
�បភព៖ WDR2018 (p.103) 
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 ចិត�សង�ម �ព�អ�កដឹក�ំ និង�គប់�គង 

 សន�ឹកកិច��រស�័យសិក��េ�មធ��មសិក�� 

 �រសរេសរ និង�រ�រឯក�រជំនួយ���រតីមុខវ����ឯកេទសគីមី 

(២) ចេំណះដឹងវ�ធគីរេុ�លស�� ��ស�បេ�ងៀន និង�រអបរ់�គីមកី�មិតមធ��មសិក�� 

 វ�ធី��ស�បេ�ងៀន  

 វ�ធី��ស�រ���យតៃម� 

 �រ��វ��វ�បតិបត�ិ 

 �បឹក��គរុេ�សល�� 

 បំណិនឌីជីថលស��ប់�រអប់រ� 

 (៣) ហ�ឹក�ត់កម�សិក��គរេុ�លស�� នងិ�រអនវុត��កែ់ស�ង 

 អនុវត�ស�ង់� ៃនយុទ���ស�សហគមន៍��េរៀន 

 �រអនុវត�កម�វ�ធីស�័យសិក��គីមី ពីទី���ក់៧-ទី១២ 

 រ�យ�រណ៍ៃន�រអនុវត�ស�ង់� ៃនយុទ���ស�សហគមន៍��េរៀន 
 

លទ�ផលសិក��រ�ពឹងទុកស��ប់បរ����ប�តអប់រ�វ����ជីវៈ�គ�បេ�ងៀនេនះ �ត�វ�នកំណត់ដូច

�ងេ��ម៖ 

  វ����សម��� 

PLO1- ពន��ល់អំពី�ទឹស�ី និងេ�ល�រណ៍ៃន�រអប់រ�ក��ងបរ�បទសកលេ�ក និងបរ�បទ 

�បេទសេដើម��ីឆ��ះប���ំងេ�នឹង�រអនុវត��ក់ែស�ងៃន�របេ�ងៀន។ 

PLO2- បក��យអំពីដំេណើរ�រអនុវត�កិច��រស��ប់�របង�ឹកេលើ�រេរៀបចំកម�វ�ធីសិក�� 

និង�របេ�ងៀនគីមី�បកបេ�យ�បសិទ��ព។ 

បំណនិសម��� 
PLO3- អនុវត�បំណិនចិត�សង�ម និងបេច�កវ�ទ��ឌីជីថលស��ប់បេង�ើន�រ���ស័យ�ក់ទង

���ក��ង�រ�រ និងជីវ�ព�បកបេ�យវ����ជីវៈ និងេ�ះ��យប����បកបេ�យ�ពៃច�   

�បឌិត និង�រទទួលខុស�ត�វ។ 

PLO4- បេង�ើតគន�ឹះ និងទ�មង់ស��ប់ដឹក�ំ និង�គប់�គង�របេ�ងៀនេ�យេ���តេលើផល

សេ�មចៃន�រសិក��របស់សិស��េ���ះេ�រកស�ង់���េរៀន�ន�បសិទ��ព និងនិរន��ព

��េរៀន�មរយៈ�រសិក�� �រអនុវត��ក់ែស�ង និង�រ��វ��វ។ 

PLO5- អនុវត��រ�រអភិវឌ��កម�វ�ធីសិក�� �រេរៀននិង�របេ�ងៀនគីមី និង�រសិក��ែបប

គេ��ង���ប់នឹងបំណិនរកចំណ�លស��ប់��េរៀន�បកបេ�យ�កមសីលធម៌វ����ជីវៈ។ 

ចរ��សម��� 

PLO6- អភិវឌ��ឥរ��បថវ�ជ��ន និងវប��ធម៌េរៀនេពញមួយជីវ�តស��ប់បំេពញ�រ�រ និង

�ក់ទង�មួយអ�កដៃទ�បកបេ�យគុណតៃម� មនុស��ធម៌ �មគ�ី�ព និង�រែចករ�ែលក

���។ 
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PLO7- បេង�ើត/ប���ញ�រដឹក�ំប���ញស��ប់ក�ង���ក់�រព�ងីកឧត��នុវត�ន៍ស��ប់

�រេរៀន និង�របេ�ងៀន។ 
ស���ល់៖ Program Learning Outcome (PLO) លទ�ផលសិក��កម�វ�ធីអប់រ� 

ក�� បស់មត�ភាព ន�ង រចនាសម�ន័�កម��ធ�ស�ក� 
 កម�វ�ធីបរ����ប�តអប់រ�វ����ជីវៈ�គ�បេ�ងៀនេនះ ត�ម�វឱ��អ�កសិក��សិក��ចំនួន ៦៣ េ�កឌីតែដល�នរយៈ

េពលចេ���ះពី ១២ េ� ១៨ែខ។ �រសិក��និងេធ�ើេឡើង�មរយៈ�រេរៀនពីច���យ (�គេ�ចើនចេ���ះពី ៦០% 

េ� ៧០%) និងសិក�����ល់េ��កលវ�ទ��ល័យភូមិន�ភ�ំេពញនិង ���ត់�រ (�គតិចចេ���ះពី ៤០% 

េ� ៣០%)។ �រសិក��េ���តេលើបណ��ំមុខវ���� (១)ចំេណះដឹងឯកេទសក�មិតបរ����ប�ត (៣៦ េ�កឌីត) 

(២)ចំេណះដឹងគរុេ�សល�� វ�ធី��ស�បេ�ងៀន និង�រអប់រ�មធ��មសិក�� (១២ (+៣) េ�កឌីត) (៣) ហ�ឹក

�ត់កម�សិក��គរុេ�សល�� និង�រអនុវត��ក់ែស�ង(១២ េ�កឌីត)។ បែន�មពីេលើេនះេទៀតអ�កសិក���ត�វអនុវត�

ខ�ឹម�រេមេរៀនែដល�នសិក��ក��ងកម�វ�ធីេ����មី���ល់ែតម�ងេ�យ�ន�រែណ�ំពី�គ�បង�ឹក �បឹក��

គរុេ�សល�� �គ�បេ�ងៀនៃន�កលវ�ទ��ល័យភូមិន�ភ�ំេពញ និងម�ន�ីអប់រ�មកពី�យក���នជំ�ញេផ��ងៗរបស់

�កសួងអប់រ� យុវជន និងកី�ែដល�នបទពិេ�ធន៍អនុវត��ក់ែស�ងកន�ងមក ។ 

បណ��មំខុវ���� ចនំនួេ�កឌតី 

(១)ចំេណះដងឹឯកេទសក�មតិបរ����ប�ត (៦០%) ៣៦  

(២)ចំេណះដងឹគរុេ�សល�� វ�ធី��ស�បេ�ងៀន និង�រអប់រ�មធ��មសិក�� (២០%) ១២ (+៣) 

(៣)ហ�ឹក�តក់ម�សិក��គរុេ�សល�� និង�រអនវុត��កែ់ស�ង (២០%) ១២ 

សរុប ៦០ (+៣) 
ស���ល៖់ ស��ប់ក��ប់សមត��ពចំេណះដឹងគរុេ�សល�� វ�ធី��ស�បេ�ងៀន និង�រអប់រ�មធ��មសិក���នបែន�មមុខវ����បំណិនឌីជីថលស��ប់�រ

អប់រ�ចំនួន ៣េ�កឌីត 
 

លក�ណៈទេូ�ៃនមខុវ����សកិ�� 
 មុខវ����សិក��ស��ប់ក�មិតបរ����ប�តអប់រ�េនះនឹងជួយឱ��អ�កសិក��បំេពញក��ប់សមត��ពដូច�ង

េ��ម េដើម��ីេឆ�ើយតបនឹងលទ�ផលសិក��កម�វ�ធីអប់រ�េហើយឱ��អ�កសិក���នសមត��ពស��ប់បំេពញ�រ�រ

�បកបេ�យវ����ជីវៈ។  
 
 

បណ��មំខុវ���� មខុវ����សកិ�� េ�កឌតី 

(១)ចំេណះដឹងឯកេទសក�មិត

បរ����ប�ត (៦០%) 

 

មុខវ���� គីមីរូប ៣ 

មុខវ���� គីមីសរ��ង� ៣ 

មុខវ���� គីមីវ��គ ៣ 

មុខវ���� គីមីអសរ��ង� ៣ 

មុខវ���� សិ�តិវ��គស��ប់អ�កគីមី ៣ 

�រអនុវត�សន�ឹកកិច��រឯកេទសគីមីស��ប់សិស��ស�័យសិក��ក�មិត១ (ចង�ំ) ៣ 
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ម�វ�ទ��លយ័អបរ់�                                                                                   �បភពហរិ��ប���ន៖ គេ��ងែកលម��រអបរ់�ចេំណះទេូ� 

�រអនុវត�សន�ឹកកិច��រឯកេទសគីមីស��ប់សិស��ស�័យសិក��ក�មិត២ (យល់

ដឹង) 
៣ 

សន�ឹកកិច��រឯកេទសគីមីស��ប់សិស��ស�័យសិក��ក�មិត៣ (ហ�ឹក�ត់) ៣ 

សន�ឹកកិច��រឯកេទសគីមីស��ប់សិស��ស�័យសិក��ក�មិត៤ (�យតៃម�) ៣ 

�រសរេសរ និង�រ�រឯក�រជំនួយ���រតីមុខវ����ឯកេទស ៩ 

(៣)ចំេណះដឹងគរុេ�សល�� 

វ�ធី��ស�បេ�ងៀន និង 

�រអប់រ�មធ��មសិក�� (២០%) 

 

វ�ធី��ស�បេ�ងៀន បតែ់បន�មសមត��ពសិស�� និងទស��ន�នអប់រ�ថ�ីៗ  ៣ 

�បឹក�� និងហ�ឹកហ�ឺនគរុសល��េលើយុទ���ស�សហគមន៍��េរៀន ៣ 

មូល���ន�គឹះរ���យតៃម�អប់រ�  ៣ 

មូល���ន�គឹះៃន�រ��វ��វ�បតិបត�ិ ៣ 

បំណិនឌីជីថលស��ប់�រអប់រ�* ៣ 

(៤)ហ�ឹក�ត់កម�សិក��

គរុេ�សល�� 

និង�រអនុវត��ក់ែស�ង 

(២០%) 

�រអនុវត� ស�ង់�យុទ���ស�សហគមន៍��េរៀន (ស�ង់�ទី១) ៣ 

�រអនុវត� ស�ង់�ៃនយុទ���ស�សហគមន៍��េរៀន (ស�ង់�ទី២) ៦ 

រ�យ�រណ៍និង�រ�រ�រស�ពីី�រអនុវត�ស�ង់�យុទ���ស� 

សហគមន៍��េរៀន 
៣ 

សរបុ ៦៣ 
 
លំហូរបេ្រង�ន និងេរៀន 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

�រ�យតៃម�េលើ�រសកិ�� 

 �រ�យតៃម�េលើ�រសិក��របស់អ�កសិក��គឺេ���តេលើលទ�ផលសិក���េ�ល។ �រ�យតៃម�េលើ�រ 

៤. ទទួល�ន�រយល់

ដឹងថ�នីមួយ េលើកចិ��រ

�ត�វេធ�ើមួយ៤. �ន

សមត��ពេធ�ើ កចិ��រ

ដឹក�ំ �មួយមនសុ��

�រ�រ រក���បពន័��ន

ដំេណើរ�រ សីុស���ក់��� 

និងសិក��ែស�ងយល់

រហូត 

៣. ទទួល�នអត�

ចរ�តថ�ីនងិចរ��ថ� ី

េ�យ�រ�នអនុវត�

កិច��រមួយ�ត�វ នងិ

ចប់សព��គប ់

 

 

២. ទទួល�នចំេណះដឹងថ�ី

មួយេ�យ�រែស�ងយល់

ប��� វ��គឧបសគ��ំង���ត់ 

និងកំណតក់ិច��រ�ត�វេធ�ើ

ស��ប់េ�ះ��យ ប���

មួយប���មួយ 

 

 

១. ទទួល�ន

�រយល់ដឹងថ�ី

មួយ េលើកិច��រ

�ត�វេធ�ើមួយ 

លំហរូបេ�ងៀននិងេរៀន ១េមេរៀន ឬកចិ��រមួយ រួម�មយួបណំិនមួយ និងចរ��មយួ 
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សកិ���នបីដំ�ក់�លធំៗ គឺ (១) �រ�យតៃម�េលើ�រសិក��មុខវ���� (២) �រ�យតៃម�េលើ�រសរេសរ       

ឯក�រជំនួយ���រតីមុខវ����ឯកេទស និង (៣) �រ�យតៃម�សរុបេ�យពិនិត��េលើ�របំេពញ�គប់លក�ខណ�

ស��ប់ប��ប់�រសិក��។  

៦.៤.១ េ�ល�រណ�៍យតៃម� 

 េ�ល�រណ៍រួមស��ប់�រ�យតៃម�េលើ�រសិក��របស់អ�កសិក���នដូចតេ�៖ 

១) អ�កសិក��ត�ម�វឱ���នវត��នក��ង�រសិក���មមុខវ����នីមួយៗ មិនតិច�ង៧០%។ ក��ង

ករណីអ�កសិក���នវត��នតិច�ង៧០% នឹងមិន�ត�វ�នអនុ���តឱ���បឡងប��ប់មុខវ����

េ�ះេទ 

២) ក��ងករណែីដលអ�កសិក�����ក់មុខវ�����មួយក��ងឆ�ស នឹងមិនអនុ���តឱ��បន��រ

សិក��េ����ំប���ប់ និង�បឡងប��ប់េឡើយ 

៣) អ�កសិក���ំងអស់�ត�វេធ�ើកិច��រ��វ��វសំ�ន់ៗ�មមុខវ����នីមួយៗ និង�បគល់ជូន�គ�

ឧេទ�ស�មមុខវ����ែដល�នកំណត់  

៤) អ�កសិក���ត�វ�បឡងប��ប់�រសិក��ែដលេធ�ើេឡើងប���ប់ពីចប់ឆ�សនីមួយៗ �ម�រ

កំណត់ក��ងកម�វ�ធីសិក��   

៥) អ�កសិក���ត�វចង�កងឯក�រវឌ��ន�ពៃនកិច��រស��លរួម�ន�រ�ត់�រ និងកម�សិក��

ែដលេ���តេលើ (ក) សកម��ព�បតិបត�ិ (ខ) លទ�ផលែដលសេ�មច�ន និង (គ) �រឆ��ះ

ប���ំង និងេមេរៀនបទពិេ�ធន៍ និង 

៦) អ�កសិក���ត�វែត�ប់មធ��ម�គៃន�រសិក��មុខវ����និង�រេធ�ើកម�សិក�� េដើម��ីទទួល�រ

អនុ���តឱ���រ�រឯក�រជំនួយ���រតីមុខវ����ឯកេទស។ 

�រផ�ល់ពនិ�� នងិ�បពន័�ចំ�ត់���ក ់

 អ�កសិក���ចទទួលពិន���ប់ពី 00 ដល់ 100 េ��ម�រ�យតៃម�ែផ�កេលើលក�ណៈវ�និច�័យែដល�ន

កំណត់ក��ង�រសិក��មុខវ���� �របំេពញកម�សិក�� និង�រសរេសរនិង�រ�រ�រឯក�រជំនួយ���រតីមុខវ����

ឯកេទស។ ពិន��ែដល�ប់�ត�វ�ប់េផ�ើមពីមធ��ម�គពិន�� 50% ឬពិន��និេទ�ស 2.00 េឡើងេ�។ 

ពិន��គឺកំណត់ពី 00.00 ដល់ 100 (មធ��ម�គៃនពិន��និេទ�សសរុប ឬ Grade Point Average–GPA)។ 

រូបមន�គណ�រកមធ��ម�គៃនពិន��និេទ�សសរុប (GPA) គឺមធ��ម�គៃនពិន��និេទ�សសរុប (GPA) េស�ើផលបូក

សរុបរ�ងផលគុណៃនពិន��និេទ�ស (Grade Point–P) និងតៃម�េ�កឌីតែដល�ត�វយកៃនមុខវ����នីមួយៗ 

(Attempted Credit Value–C) ែចកនឹងផលបូកសរុបៃនតៃម�េ�កឌីតែដល�ត�វយក�គប់មុខវ����។ 

�បព័ន�ចំ�ត់���ក់កម�វ�ធី គឺែផ�កេ�េលើតៃម�ៃនពិន��អតិបរ� 100% និង 50% ៃនពិន��អប��បរ�។ 

�បព័ន��ក់ពិន��េនះ �ត�វ�នបកែ�បេ�� «ពិន���និេទ�ស» និង «ពិន���តៃម�េលខ» ដូចែដលពិពណ៌��ង

េ��ម៖ 

 

 

ពិន����គរយ% និេទ�ស ពិន��និេទ�ស មូលវ��រណ ៍

85%-100% A 4.00 ល��បេសើរ 
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ម�វ�ទ��លយ័អបរ់�                                                                                   �បភពហរិ��ប���ន៖ គេ��ងែកលម��រអបរ់�ចេំណះទេូ� 

80%-84% B+ 3.50 ល��ស់ 

70%-79% B 3.00 ល� 

65%-69% C+ 2.50 ល�បង��រ 

50%-64% C 2.00 មធ��ម 

<49% F 1.50 ���ក់ 

 

៦.៥ េ�ល�រណ�៍បតបិត� ិ
 េដើម��ី��នូវ�រផ�ល់េស�អប់រ��បកបេ�យគុណ�ព និង�ពស័ក�ិសិទ�ិ ម�វ�ទ��ល័យអប់រ�ៃន

�កលវ�ទ��ល័យភូមិន�ភ�ំេពញអនុវត��មេ�ល�រណ៍ បទប��ត�ិ និងបទ���នគតិយុត�ិរបស់�កលវ�ទ��ល័យ

ភូមិន�ភ�ំេពញ និង�កសួងអប់រ� យុវជន និងកី� �ពម�ំងេ�ល�រណ៍ច��ប់ៃន�ពះ���ច�កកម���។ 

 �មួយ���េនះែដរ អ�កសិក�����ក់ៗ �ត�វេ�រព�មបទប���ៃផ�ក��ងរបស់�កលវ�ទ��ល័យភូមិន�ភ�ំេពញ 

និងឈរេលើ���រតីេ���ះ�តង់ ទទួលខុស�ត�វខ�ស់ និង�ព���ស់�រ និងេ�ល�រណ៍សុចរ�ត�ពៃន�រសិក��។ 

ស��ប់េ�ល�រណស៍ុចរ�ត�ពៃន�រសិក�� អ�កសិក�����ក់ៗ �ត�វ�ន�យតៃម�េលើចំណ�ចសំ�ន់ៗដូច�ង

េ��ម៖ 

 

៦.៥.១ �រ�យតៃម�េលើវ�នយ័ សលីធម ៌ឥរ��បថ និង�កប��ករិ��  

 �រ�យតៃម�េលើវ�ន័យ សីលធម៌ ឥរ��បថ និង�កប��កិរ��របស់អ�កសិក�����ក់ៗ �ត�វ�ន�បមូលផ��ំ

េលើ�រេ�រពវ�ន័យ�ត់�ំង �រមកេរៀនេទៀង�ត់ �រយកចិត�ទុក�ក់ក��ង�រសិក�� �រខិតខំ��វ��វ �រ

អនុវត��រកិច� និង���រតី�មគ�ី�ពេ�ក��ង���ក់ ក��ង�គឹះ���នសិក�� និងេ���គឹះ���នសិក��។ �រ�យតៃម�េលើ

វ�ន័យ សីលធម៌ ឥរ��បថ និង�កប��កិរ��របស់អ�កសិក�����ក់ៗ �ត�វ�នេធ�ើេឡើង�មរយៈេ�បល់ឯក�ពពី

មតិ�គេ�ចើន�ច់�តរបស់�កុម�បឹក��វ�ន័យ េ�យែផ�កេលើលក�ណសម��ត�ិ�ក់ែស�ងរបស់អ�កសិក�����ក់ៗ និង

បទប���ៃផ�ក��ងរបស់�កលវ�ទ��ល័យភូមិន�ភ�ំេពញ។ 

៦.៥.២ �រែក�ងបន�ំឯក�រ  

 អ�កសិក��ែដលែក�ងបន�ំឯក�រ នឹង�ត�វលុបេ���ះេចញពីប��ីនិស��ិតេ�យស�័យ�បវត�ិ �ពម�ំង

ទទួលេ�ស�មច��ប់�ធរ�ន។ អ�កសិក���ត�វ�ំ� �រលួចចម�ង���ៃដ �រលួចកម�សិទ�ិប��� និងគំនិត

របស់អ�កដៃទគឺ�បទេល�ើសសិក��ធ�ន់ធ�រែដល�ច�នដល់�រប���ប់បុគ�លែដល�ប�ពឹត�បទេល�ើសពីកម�វ�

ធី។ �ត�វសេ�មចឱ�����ក់����ពរ េបើអ�កសិក��រូប�ចម�ងេ�យ���ល់ពីអ�កសិក��ដៃទេទៀត ឬ�បភពេផ��ងៗ ឬ

�រេ�បើស���រៈ ឬឯក�រេផ��ងេទៀត ែដលមិន�ត�វ�នអនុ���តក��ង�រ�បឡង។ 

 

៦.៥.៣ ឯក�រជនំួយ���រត/ីរ�យ�រណ/៍កចិ��រ��វ��វ 

 អ�កសិក���ត�វប���ញនូវសុចរ�ត�ពៃន�រ��វ��វរបស់ខ��នឱ���ន���ប់ខ��ន �ប់�ំងពីេពលចូលេរៀន
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ELECTROCHEMISTRY
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Oxidation and Reduction with respect to Oxygen Transfer

• Oxidation is the gain of oxygen.

• Reduction is the loss of oxygen.

• Oxidizing agents give oxygen to another substance.

• Reducing agents remove oxygen from another substance.
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Oxidation and reduction in terms of hydrogen transfer

• Oxidation is the loss of hydrogen.

• Reduction is the gain of hydrogen.
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Oxidation and reduction in terms of electron transfer

• Oxidation is loss of electrons
• Reduction is gain of electrons
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•
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2Mg (s) + O2 (g)          2MgO (s)

2Mg          2Mg2+ + 4e-

O2 + 4e- 2O2-

( e-)

( e-)

•

•

0 0 2+ 2-

10/8/2024 9:24 AM



            
            
  

• — ; ;

• — ; ;

• —

• —

10/8/2024 9:24 AM 15

You can t have one… without the other!
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Review of Oxidation numbers

   ( )   

1. ( ) 

Na, Be, K, Pb, H2, O2, P4 = 0

2. ,

Li+, Li = +1; Fe3+, Fe = +3;  O2-, O = -2
3. –2. H2O2 O2

2- –1.

10/8/2024 9:24 AM 17

4. +1

–1.

6.

5. IA +1 IIA +2 –1.

HCO3
-

O = -2 H = +1

3x(-2) + 1 + ? = -1

C = +4

HCO3
- ?

10/8/2024 9:24 AM 18



1.

Fe2+ Fe3+ Cr2O7
2- ?

Fe2+ + Cr2O7
2- Fe3+ + Cr3+

1.

(Oxidation):

:Cr2O7
2- Cr3+

+6 +3
(Reduction)

: Fe2+ Fe3+
+2 +3

1. O H

Cr2O7
2- 2Cr3+

10/8/2024 9:24 AM 19

(Balancing Redox Equations)

4. H2O O H+ 
H

Cr2O7
2- 2Cr3+ + 7H2O

14H+ + Cr2O7
2- 2Cr3+ + 7H2O

5.

Fe2+ Fe3+ 1e-

6e- + 14H+ + Cr2O7
2- 2Cr3+ + 7H2O

6. ,

6Fe2+ 6Fe3+ + 6e-

6e- + 14H+ + Cr2O7
2- 2Cr3+ + 7H2O

10/8/2024 9:24 AM 20



 (Balancing Redox Equations)
7.

6e- + 14H+ + Cr2O7
2- 2Cr3+ + 7H2O

6Fe2+ 6Fe3+ + 6e-(Oxidation):

(Reduction):

14H+ + Cr2O7
2- + 6Fe2+ 6Fe3+ + 2Cr3+ + 7H2O

8.

14x1 – 2 + 6x2 = 24 = 6x3 + 2x3

9. , OH- H+

H+ OH- H2O

10/8/2024 9:24 AM 21
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#49
#50
#51

#54
#53

#55

#52

#58
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d)

2
a)

b)

e)

1

c)
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(Galvanic Cells)

Spontaneous redox reaction

(-) (+
)
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• (cell voltage)

(emf)

(cell potential)

Zn (s) + Cu2+ (aq) Cu (s) + Zn2+ (aq)

[Cu2+] = 1 M & [Zn2+] = 1 M

Zn (s) | Zn2+ (1 M) || Cu2+ (1 M) | Cu (s)
Anode(-) Cathode(+)

10/8/2024 9:24 AM 31

(E0)

1 M 1 atm

E0 = 0.00 V

Standard  hydrogen electrode (SHE)

2e- + 2H+ (1 M)           H2 (1 atm)

10/8/2024 9:24 AM 32



                                                   
Standard Reduction Potentials

Zn (s) | Zn2+ (1 M) || H+ (1 M) | H2 (1 atm) | Pt (s)

2e- + 2H+ (1 M)           H2 (1 atm)

Zn (s)          Zn2+ (1 M) + 2e-Anode (oxidation):

Cathode (reduction):

Zn (s) + 2H+ (1 M)           Zn2+ + H2 (1 atm)
10/8/2024 9:24 AM 33

10/8/2024 9:24 AM 34



   

E0
cell = 0.76 V

Standard emf (E0 )cell

0.76 V = 0 - EZn   /Zn
0 2+

EZn   /Zn = -0.76 V0 2+

Zn2+ (1 M) + 2e- Zn E0 = -0.76 V

E0 = EH /H - EZn  /Zncell
0 0+ 2+2

E0 = Ecathode - Eanodecell
0 0

Zn (s) | Zn2+ (1 M) || H+ (1 M) | H2 (1 atm) | Pt (s)

10/8/2024 9:24 AM 35

Pt (s) | H2 (1 atm) | H+ (1 M) || Cu2+ (1 M) | Cu (s)

2e- + Cu2+ (1 M)         Cu (s)

H2 (1 atm)          2H+ (1 M) + 2e-Anode (oxidation):

Cathode (reduction):

H2 (1 atm) + Cu2+ (1 M)           Cu (s) + 2H+ (1 M)

E0 = Ecathode - Eanodecell
0 0

E0 = 0.34 Vcell

Ecell = ECu    /Cu – EH  /H 2+ +
2

0 0 0

0.34V= ECu    /Cu - 00 2+

ECu    /Cu = 0.34 V2+0
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Galvanic

)- E0( ) = 0.34V – (-0.76V)= 1.10V

Electromotive force
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E0

E0

( ) 

E0

E0
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Cd Cd(NO3)2 1.0 M Cr 

Cr(NO3)3 1.0M ?

Cd2+ (aq) + 2e- Cd (s) E0 = -0.40 V

Cr3+ (aq) + 3e- Cr (s) E0 = -0.74 V

Cd 

Cd Cr

2e- + Cd2+ (1 M)         Cd (s)

Cr (s)          Cr3+ (1 M) + 3e-Anode (oxidation):

Cathode (reduction):

2Cr (s) + 3Cd2+ (1 M)           3Cd (s) + 2Cr3+ (1 M)

x 2

x 3

E0 = Ecathode - Eanodecell
0 0

E0 = -0.40 – (-0.74) cell

E0 = 0.34 V cell
10/8/2024 9:24 AM 41

Spontaneity of Redox Reactions
G = -nFEcell

G0 = -nFEcell
0

n =

F = 96,500
J

V • mol = 96,500 C/mol

G0 = -RT ln K = -nFEcell
0

Ecell
0 =

RT
nF

ln K
(8.314 J/K•mol)(298 K)

n (96,500 J/V•mol) ln K=

= 0.0257 V
n ln KEcell

0

= 0.0592 V
n log KEcell

0

10/8/2024 9:24 AM 42



10/8/2024 9:24 AM 43

10/8/2024 9:24 AM 44



10/8/2024 9:24 AM 45

Spontaneity of Redox Reactions

G0 = -RT ln K = -nFEcell
0
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2e- + Fe2+ Fe
2Ag          2Ag+ + 2e-Oxidation(Anode):

Reduction(Cathode)  :

(K) 250C? 
Fe2+ (aq) + 2Ag  (s) Fe (s) + 2Ag+ (aq)

= 0.0257 V
n ln KEcell

0

E0 = -0.44 - 0.80

E0 = -1.24 V 

0.0257 V
x nE0

cellexpK =

n = 2

0.0257 V
x 2-1.24 V

= exp

K = 1.23 x 10-42

E0 = EFe   /Fe - EAg+  /Ag
0 0

2+

E0Ag+/Ag= 0.80V

E0Fe2+/Fe=-0.44V

10/8/2024 9:24 AM 47

2e- + Fe2+ Fe

2Ag          2Ag+ + 2e-Oxidation:

Reduction:

What is the equilibrium constant for the following reaction 
at 250C?  Fe2+ (aq) + 2Ag (s) Fe (s) + 2Ag+ (aq)

= 0.0257 V
n ln KEcell

0

E0 = -0.44 + -0.80

E0 = -1.24 V 

0.0257 V
x nE0

cellexpK =

n = 2

0.0257 V
x 2-1.24 V

= exp

K = 1.23 x 10-42

E0 = EFe   /Fe + EAg  /Ag
0 0

2+ + Check
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 The Effect of Concentration on Cell emf 
G = G0 + RT ln Q G = -nFE G0 = -nFE 0

-nFE = -nFE0 + RT ln Q

ECell = E0 - ln QRT
nF

(Nernst equation)

298oC

- 0.0257 V
n ln QE0E = - 0.0592 V

n log QE0E =

10/8/2024 9:24 AM 49

Zn(s)    Zn2+ + 2e     Q=[Zn2+]/[Zn]

? 250C 
[Fe2+] = 0.60 M [Cd2+] = 0.010 M?
Fe2+ (aq) + Cd (s) Fe (s) + Cd2+ (aq)

2e- + Fe2+ Fe
Cd          Cd2+ + 2e-Oxidation(A):

Reduction(C):
n = 2

E0 = -0.44 – (-0.40) 

E0 = -0.04 V 

E0 = EFe   /Fe – ECd   /Cd
0 0

2+ 2+
- 0.0257 V

n ln QE0E =

- 0.0257 V
2 ln -0.04 VE = 0.010

0.60
E = 0.013

E > 0
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Le clanché cell

Dry cell

Zn (s)    Zn2+ (aq) + 2e-Anode: 

Cathode: 2NH4 (aq) + 2MnO2 (s) + 2e- Mn2O3 (s) + 2NH3 (aq) + H2O (l)+

Zn (s) + 2NH+
4 (aq) + 2MnO2 (s)  Zn2+ (aq) + 2NH3 (aq) + H2O (l) + Mn2O3 (s

10/8/2024 9:24 AM 51

Batteries

Zn(Hg) + 2OH- (aq)    ZnO (s) + H2O (l) + 2e-Anode: 

Cathode: HgO (s) + H2O (l) + 2e- Hg (l) + 2OH- (aq)

Zn(Hg) + HgO (s)  ZnO (s) + Hg (l)

Mercury Battery
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 Batteries

Anode: 

Cathode:

Lead storage
battery

PbO2 (s) + 4H+ (aq) + SO2- (aq) + 2e- PbSO4 (s) + 2H2O (l)4

Pb (s) + SO2- (aq)    PbSO4 (s) + 2e-
4

Pb (s) + PbO2 (s) + 4H+ (aq) + 2SO2- (aq)    2PbSO4 (s) + 2H2O (l)4
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Batteries

19.6Solid State Lithium Battery10/8/2024 9:24 AM 54



Batteries

A fuel cell is an 
electrochemical cell 
that requires a 
continuous supply of 
reactants to keep 
functioning

Anode: 

Cathode: O2 (g) + 2H2O (l) + 4e- 4OH- (aq)

2H2 (g) + 4OH- (aq)    4H2O (l) + 4e-

2H2 (g) + O2 (g)   2H2O (l)
10/8/2024 9:24 AM 55

Chemistry In Action: Bacteria Power

CH3COO- + 2O2 + H+ 2CO2 + 2H2O
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 (Corrosion)
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(Cathodic Protection of an Iron Storage Tank)
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(Electrolysis)
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(Electrolysis of Water)
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(Electrolysis and Mass Changes)

(C) = (A) x (s)

1 e- = 96,500 C

10/8/2024 9:24 AM 61

Electrolysis and Mass Changes

charge (Coulombs) = current (Amperes) x time (sec)

1 mole e- = 96,500 C = 1 Faraday

1 amp = 1 Coulomb / sec
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 CaCl2   0.452 A 
1.5 ?

(Anode): 

(Cathode):Ca2+ (l) + 2e- Ca (s)

2Cl- (l)    Cl2 (g) + 2e-

Ca2+ (l) + 2Cl- (l)   Ca (s) + Cl2 (g)

2 e- = 1 Ca

Ca = 0.452 C
s x 1.5 hr x 3600

s
hr 96,500 C

1 mol e-
x

2 mol e-
1 mol Cax

= 0.0126 mol Ca

= 0.50 g Ca
10/8/2024 9:24 AM 63

Chemistry In Action: Dental Filling Discomfort

Hg2 /Ag2Hg3 0.85 V2+

Sn /Ag3Sn   -0.05 V2+

Sn /Ag3Sn   -0.05 V2+
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Electrochemistry

Chapter 19

10/8/2024 9:24 AM 79

Electron Transfer Reactions
• Electron transfer reactions are oxidation-

reduction or redox reactions.

• Results in the generation of an electric

current (electricity) or be caused by

imposing an electric current.

• Therefore, this field of chemistry is often

called ELECTROCHEMISTRY.
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2Mg (s) + O2 (g)          2MgO (s)

2Mg          2Mg2+ + 4e-

O2 + 4e- 2O2-

Oxidation half-reaction (lose e-)

Reduction half-reaction (gain e-)

19.1

Electrochemical processes are oxidation-reduction 
reactions in which:

• the energy released by a spontaneous reaction is
converted to electricity or

• electrical energy is used to cause a nonspontaneous
reaction to occur

0 0 2+ 2-
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Terminology for Redox Reactions

• OXIDATIONN———loss of electron(s) by a species;( ) y p ;
increase in oxidation number; increase in oxygen.

• REDUCTIONNN———gain of electron(s); decrease in( );g
oxidation number; decrease in oxygen; increase
in hydrogen.

• OXIDIZING AGENTT———electron acceptor; species isp ; p
reduced. (an agent facilitates something; ex.( g
Travel agents donnn’

g;
nn’t travel, they facilitate travel)

• REDUCING AGENTTT———electron donor; species is
oxidized.
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You can t have one… without the other!
• Reduction (gaining electrons) can’t happen

without an oxidation to provide the electrons.
• You can’t have 2 oxidations or 2 reductions in the

same equation.  Reduction has to occur at the
cost of oxidationof oxidatio
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Another way to remember
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Review of Oxidation numbers
The charge the atom would have in a molecule (or an
ionic compound) if electrons were completely transferred.

1. Free elements (uncombined state) have an oxidation
number of zero.

Na, Be, K, Pb, H2, O2, P4 = 0

2. In monatomic ions, the oxidation number is equal to
the charge on the ion.

Li+, Li = +1; Fe3+, Fe = +3;  O2-, O = -2
3. The oxidation number of oxygen is usually –2.  In H2O2

and O2
2- it is –1.

4.410/8/2024 9:24 AM 85

4. The oxidation number of hydrogen is +1 except when
it is bonded to metals in binary compounds.  In these
cases, its oxidation number is –1.

6. The sum of the oxidation numbers of all the atoms in a
molecule or ion is equal to the charge on the
molecule or ion.

5. Group IA metals are +1, IIA metals are +2 and fluorine is
always –1.

HCO3
-

O = -2 H = +1

3x(-2) + 1 + ? = -1

C = +4

Oxidation numbers of all 
the atoms in HCO3

- ?
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Balancing Redox Equations

19.1

1. Write the unbalanced equation for the reaction in ionic form.

The oxidation of Fe2+ to Fe3+ by Cr2O7
2- in acid solution?

Fe2+ + Cr2O7
2- Fe3+ + Cr3+

2. Separate the equation into two half-reactions.

Oxidation:

Cr2O7
2- Cr3+

+6 +3
Reduction:

Fe2+ Fe3+
+2 +3

3. Balance the atoms other than O and H in each half-reaction.

Cr2O7
2- 2Cr3+

10/8/2024 9:24 AM 87

Balancing Redox Equations

4. For reactions in acid, add H2O to balance O atoms and H+ to
balance H atoms.

Cr2O7
2- 2Cr3+ + 7H2O

14H+ + Cr2O7
2- 2Cr3+ + 7H2O

5. Add electrons to one side of each half-reaction to balance the
charges on the half-reaction.

Fe2+ Fe3+ + 1e-

6e- + 14H+ + Cr2O7
2- 2Cr3+ + 7H2O

6. If necessary, equalize the number of electrons in the two half-
reactions by multiplying the half-reactions by appropriate
coefficients.

6Fe2+ 6Fe3+ + 6e-

6e- + 14H+ + Cr2O7
2- 2Cr3+ + 7H2O
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Balancing Redox Equations
7. Add the two half-reactions together and balance the final

equation by inspection.  The number of electrons on both
sides must cancel. You should also cancel like species.

6e- + 14H+ + Cr2O7
2- 2Cr3+ + 7H2O

6Fe2+ 6Fe3+ + 6e-Oxidation:

Reduction:

14H+ + Cr2O7
2- + 6Fe2+ 6Fe3+ + 2Cr3+ + 7H2O

8. Verify that the number of atoms and the charges are balanced.

14x1 – 2 + 6x2 = 24 = 6x3 + 2x3

19.1

9. For reactions in basic solutions, add OH- to both sides of the
equation for every H+ that appears in the final equation.  You
should combine H+ and OH- to make H2O.10/8/2024 9:24 AM 89

••To obtain a useful current,o obtain a useful current,To
we separate the oxidizing we separate the oxidizing 
and reducing agents so that and reducing agents so that 
electron transfer occurs thru electron transfer oc
an external wire.  

btain a useful current

CHEMICAL CHANGE --->

ain a useful current

ELECTRIC CURRENT

This is accomplished in a a GALVANICC or This is acc
VOLTAIC

compacc
CC cell.

A group of such cells is called a a battery.
http://www.mhhe.com/physsci/chemistry/essentialchemistry/flash/galvanpp pp yy yy yy gg an5n5.swf
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Galvanic Cells

19.2

spontaneous
redox reaction

anode
oxidation

cathode
reduction

- +
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Galvanic Cells

19.2

The difference in electrical 
potential between the anode 
and cathode is called:

• cell voltage

• electromotive force (emf)

• cell potential

Cell Diagram
Zn (s) + Cu2+ (aq) Cu (s) + Zn2+ (aq)

[Cu2+] = 1 M & [Zn2+] = 1 M

Zn (s) | Zn2+ (1 M) || Cu2+ (1 M) | Cu (s)
anode cathode
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Standard Electrode Potentials

19.3

Zn (s) | Zn2+ (1 M) || H+ (1 M) | H2 (1 atm) | Pt (s)

2e- + 2H+ (1 M)           H2 (1 atm)

Zn (s)          Zn2+ (1 M) + 2e-Anode (oxidation):

Cathode (reduction):

Zn (s) + 2H+ (1 M)           Zn2+ + H2 (1 atm)
10/8/2024 9:24 AM 93

Standard Electrode Potentials

19.3

Standard reduction potential (E0) is the voltage associated 
with a reduction reaction at an electrode when all solutes 
are 1 M and all gases are at 1 atm.

E0 = 0 V

Standard hydrogen electrode (SHE)

2e- + 2H+ (1 M)           H2 (1 atm)

Reduction Reaction
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19.3

• E0 is for the reaction as
written

• The more positive E0 the
greater the tendency for the
substance to be reduced

• The half-cell reactions are
reversible

• The sign of E0 changes
when the reaction is
reversed

• Changing the stoichiometric
coefficients of a half-cell
reaction does not change
the value of E0

10/8/2024 9:24 AM 95

Official AP
Reduction Table

Copyright
College Board
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19.3
E0 = 0 + 0.76 V = 0.76 Vcell

Standard emf (E0 )cell

Zn2+ (1 M) + 2e- Zn E0 = -0.76 V

E0 = EH /H + EZn  /Zncell
0 0+ 2

Standard Electrode Potentials

E0 = Ecathode + Eanodecell
0 0

Zn (s) | Zn2+ (1 M) || H+ (1 M) | H2 (1 atm) | Pt (s)

If the reaction is 
backwards, be sure to 
flip the sign!

+2

So Eo
Zn/Zn = + 0.76 V+2
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Standard Electrode Potentials

19.3

Pt (s) | H2 (1 atm) | H+ (1 M) || Cu2+ (1 M) | Cu (s)

2e- + Cu2+ (1 M)         Cu (s)

H2 (1 atm)          2H+ (1 M) + 2e-Anode (oxidation):

Cathode (reduction):

H2 (1 atm) + Cu2+ (1 M)           Cu (s) + 2H+ (1 M)

E0 = Ecathode + Eanodecell
0 0

E0 = 0.34 Vcell

Ecell = ECu    /Cu + E H  /H+2+
2

0 0 0

0.34 = ECu    /Cu + - 00 2+

ECu    /Cu = 0.34 V2+0
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What is the standard emf of an electrochemical cell made 
of a Cd electrode in a 1.0 M Cd(NO3)2 solution and a Cr 
electrode in a 1.0 M Cr(NO3)3 solution?

Cd2+ (aq) + 2e- Cd (s) E0 = -0.40 V

Cr3+ (aq) + 3e- Cr (s) E0 = -0.74 V

Cd is the stronger oxidizer

Cd will oxidize Cr

2e- + Cd2+ (1 M)         Cd (s)

Cr (s)          Cr3+ (1 M) + 3e-Anode (oxidation):

Cathode (reduction):

2Cr (s) + 3Cd2+ (1 M)           3Cd (s) + 2Cr3+ (1 M)

x 2

x 3

E0 = Ecathode + Eanodecell
0 0

E0 = -0.40 + (+0.74) cell

E0 = 0.34 V cell
10/8/2024 9:24 AM 99

19.4

Spontaneity of Redox Reactions
G = -nFEcell

G0 = -nFEcell
0

n = number of moles of electrons in reaction

F = 96,500
J

V • mol = 96,500 C/mol

G0 = -RT ln K = -nFEcell
0

Ecell
0 =

RT
nF

ln K
(8.314 J/K•mol)(298 K)

n (96,500 J/V•mol) ln K=

= 0.0257 V
n ln KEcell

0

= 0.0592 V
n log KEcell

0
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Spontaneity of Redox Reactions

19.410/8/2024 9:24 AM 101

2e- + Fe2+ Fe

2Ag          2Ag+ + 2e-Oxidation:

Reduction:

What is the equilibrium constant for the following reaction 
at 250C?  Fe2+ (aq) + 2Ag (s) Fe (s) + 2Ag+ (aq)

= 0.0257 V
n ln KEcell

0

E0 = -0.44 + -0.80

E0 = -1.24 V 

0.0257 V
x nE0

cellexpK =

n = 2

0.0257 V
x 2-1.24 V

= exp

K = 1.23 x 10-42

E0 = EFe   /Fe + EAg  /Ag
0 0

2+ + Check
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The Effect of Concentration on Cell Emf

G = G0 + RT ln Q G = -nFE G0 = -nFE 0

-nFE = -nFE0 + RT ln Q

E = E0 - ln QRT
nF

Nernst equation

At 298

19.5

- 0.0257 V
n ln QE0E = - 0.0592 V

n log QE0E =

10/8/2024 9:24 AM 103

Will the following reaction occur spontaneously at 250C if 
[Fe2+] = 0.60 M and [Cd2+] = 0.010 M?  
Fe2+ (aq) + Cd (s) Fe (s) + Cd2+ (aq)

2e- + Fe2+ 2Fe

Cd          Cd2+ + 2e-Oxidation:

Reduction:
n = 2

E0 = -0.44 + -(-0.40) 

E0 = -0.04 V 

E0 = EFe   /Fe + ECd /Cd
0 0

2+ 2+

- 0.0257 V
n ln QE0E =

- 0.0257 V
2 ln -0.04 VE = 0.010

0.60
E = 0.013

E > 0 Spontaneous
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Charging a Battery
When you charge a battery, you are forcing the y g y, yWhen you charge a battery, you are forci
electrons backwards (from the + to the 

orci
ee -

gng thenrci
--).  To do electrons backwards (from the  to thee  To do . )

this, you will need a higher voltage backwards than this, you will need a higher voltage backwards than 
forwards.  This is why the ammeter in your car often forwards.  This is why the ammeter in your car often 
goes slightly higher while your battery is charging, goes slightly higher while you
and then returns to normal.

In your car, the battery charger is called an In your car, the battery charger is called an
alternator.  If you have a dead battery, it alternator.  If you have a dead battery, it 
could be the battery needs to be replaced OR could be the battery needs to be replaced 
the alternator is not charging the battery the alterna
properly.
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Batteries

19.6

Leclanché cell

Dry cell

Zn (s)    Zn2+ (aq) + 2e-Anode: 

Cathode: 2NH4 (aq) + 2MnO2 (s) + 2e- Mn2O3 (s) + 2NH3 (aq) + H2O (l)+

Zn (s) + 2NH4 (aq) + 2MnO2 (s)  Zn2+ (aq) + 2NH3 (aq) + H2O (l) + Mn2O3 (s)
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Batteries

Zn(Hg) + 2OH- (aq)    ZnO (s) + H2O (l) + 2e-Anode:

Cathode: HgO (s) + H2O (l) + 2e- Hg (l) + 2OH- (aq)

Zn(Hg) + HgO (s)  ZnO (s) + Hg (l)

Mercury Battery
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Batteries

19.6

Anode:

Cathode:

Lead storage
battery

PbO2 (s) + 4H+ (aq) + SO2- (aq) + 2e- PbSO4 (s) + 2H2O (l)4

Pb (s) + SO2- (aq)    PbSO4 (s) + 2e-
4

Pb (s) + PbO2 (s) + 4H+ (aq) + 2SO2- (aq)    2PbSO4 (s) + 2H2O (l)4
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Batteries

19.6Solid State Lithium Battery10/8/2024 9:24 AM 109

Batteries

19.6

A fuel cell is an 
electrochemical cell 
that requires a 
continuous supply of 
reactants to keep 
functioning

Anode:

Cathode: O2 (g) + 2H2O (l) + 4e- 4OH- (aq)

2H2 (g) + 4OH- (aq)    4H2O (l) + 4e-

2H2 (g) + O2 (g)   2H2O (l)
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Corrosion

19.710/8/2024 9:24 AM 111

Cathodic Protection of an Iron Storage Tank
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19.8

Electrolysis is the process in which electrical energy is used 

to cause a nonspontaneous chemical reaction to occur.

10/8/2024 9:24 AM 113

Electrolysis of Water
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Chemistry In Action: Dental Filling Discomfort

Hg2 /Ag2Hg3 0.85 V2+

Sn /Ag3Sn   -0.05 V2+

Sn /Ag3Sn   -0.05 V2+

10/8/2024 9:24 AM 115

Electrolysis and Mass Changes

charge (Coulombs) = current (Amperes) x time (sec)

1 mole e- = 96,500 C = 1 Faraday

19.8

1 amp = 1 Coulomb / sec
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How much Ca will be produced in an electrolytic cell of 
molten CaCl2 if a current of 0.452 A is passed through the 
cell for 1.5 hours?

Anode:

Cathode: Ca2+ (l) + 2e- Ca (s)

2Cl- (l)  Cl2 (g) + 2e-

Ca2+ (l) + 2Cl- (l)     Ca (s) + Cl2 (g)

2 mole e- = 1 mole Ca

mol Ca = 0.452 C
s x 1.5 hr x 3600

s
hr 96,500 C

1 mol e-
x

2 mol e-
1 mol Cax

= 0.0126 mol Ca

= 0.50 g Ca
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ƅបតិកមŷកś ȃងសូលុយសżȂ ងទឹក
Reaction in Aqueous Solution

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Introduction to Reactions in Aqueous Solutions



ែផƊេឈȋែដលសមşȅ រណ៍ទឹក

េតȋអŚកƅតȅវìរទឹកប៉ុŜŷ នលីƅតកś ȃងមួយៃថĂសƅŹប់
ìរផឹក?

• ćទូេŇចំេţះ
• បុរសŹតǹវàរćមធŰម ២េŇ៣លីŹត

• ŹសĻីŹតǹវàរćមធŰមពី២េŇ២.៥លីŹត



ទឹកĩឧសថពƕŷលជមĘឺ
• Headaches, Body aches, Arthritis, Heart problems, Epilepsy, Obesity,

Tuberculosis, Meningitis, Kidney diseases, Vomiting, Gastritis, Diabetes,
Constipation, Uterine diseases, Ear and throat diseases

• A current trend in Japan today is drinking water immediately after getting
out of bed.

The Method
• 1) When you wake up, before doing anything, drink four 6 ounce glasses of 

water, or 160 milliliters. (If for any reason you cannot drink this much 
water at one time, you may start with as much water as you can drink, 
then gradually increase the amount.)
2) Brush your teeth and perform basic oral hygiene, then wait 45 minutes
before eating or drinking anything.
3) After the 45 minute waiting period you may eat and drink normally.
4) Once a meal is completed, do not eat or drink anything for 2 hours.

• http://www.worthytoknow.com/using-water-medicine-drinking-water-
empty-stomach#

ទឹកēឧសថពſšលជមĂ ឺ
• ឈឺកŖល, ឈឺខžǼន, រƀកសŐž ក់, បęƟ េបះដូង, ជំងឺឆÞǼតŹជǹក, ŋត់, ជំងឺរេបង, រƀកេŹƘមខួរ, ជំងឺតŹមងេŐម, កƩǼត, រƀកŹកពះ, ទឹកេŐមែផƩម

, ទល់ƀមក, ជំងឺសœǹន, ជំងឺŹតេចȄកនិងបំពង់ក។
• បចûǶបœនŎេőកŎǶងŹបេទសជបុ៉នសពƃៃថöគឺàរផឹកទកឹŨž មៗបŐń ប់ពីេŹàកពីេគង។
• វǤធីƘŹសĻ
• ១) េőេពលអŎកŨĔ ក់ពីេគងមុនេពលេធƃǿអƃីមយួចូរផឹកទឹក ៤ ែកវកនžះឬ ១៦០ មីលីលីŹត។ (ŹបសិនេបǿŭនមូលេហតុķមួយែដលអŎកមិនƫចផឹកទឹក

េŹចǿនកŎǶងេពលែតមួយŕនអŎកƫចýប់េផĺǿមćមួយនឹងទកឹេŹចǿនដចូែដលអŎកƫចផកឹបŐń ប់មកបេងÞǿនបរǤŭណបនĺិចមĺង ៗ ។
• ២) ដុសេធūញរបស់អŎកនិងអនុវតĺអŐម័យļមŭត់បŐń ប់មករង់ýំ ៤៥ Őទីមុន បរǤេŨគឬផឹកអƃីņំងអស់។
• ៣) បŐń ប់ពីរយៈេពលរង់ýំ ៤៥ ŐទីអŎកƫចĘǶ ំនិងផឹកធមūļŕន។
• ៤) េពលƫơរចប់សូមកុំបរǤេŨគឬផឹកអƃីរយៈេពល ២ េŭ៉ង។
• http://www.worthytoknow.com/using-water-medicine-



សសូលុយសŰǶង³ēលŢយេសŷ ȋƤច់ៃនƤរŗតុពីរឬេƅចȋន។

ŋតុរƀយៈ ēƤរŗតុែដលŹនវតņŹនកś ȃងបរ ǰŹណតិច.

ŋតុរȎƀយៈ ēƤរŗតុែដលŹនវតņŹនកś ȃងបរ ǰŹណេƅចȋន.

សូលុយសżȂ ង ŗតុរȚƌយ ŗតុរƌយ

េភសជđៈ

ខŰល់ (g)

សំេƌហៈ(Soft Solder )

H2O

N2

Pb

សÞរ, CO2

O2, Ar, CH4

Sn

េអឡិចŹតǹលីត³ ćƘរŋតុែដលរƀយកŎǶងទឹក(ទឹកបិត)ឲŰć
អុីយ៉ុងនិងƫចចមžងចរនĺអគèីសនី។

មិនេអឡិចŹតǹលីត³ćƘរŋតុែដលរƀយកŎǶងទឹក(ទឹកបិត)មិន
ឲŰćអីុយ៉ុងនិងមិនƫចចមžងចរនĺអគèីសនី។

មិនេអឡិចƅតȅលីត េអឡិចƅតȅលីតេខƥយ េអឡិចƅតȅលីតñƊ ំង



eGLicRtUlIRtxøaMgbMEbkCaGIuy:ugesÞIrEtsBV ( 100%)

NaCl (s) Na+
(aq) + Cl- (aq)

H2O

េអឡិចƅតȅលីƅតេខƥយបំែបកēអុីយុ៉ងតិចតួច(តិចēង10%)

CH3COOH(aq) CH3COO-
(aq) + H+

(aq)

GVICakarcmøgGKÁisnIkñúgsUluysüúg?
ìចុង (+) និងƷញ៉Ȃង (-)

4.1

អុីŹğតកមū³CalMnaMEdlGIuy:ugBT§½CMuvijedaym:UelKulTwkehIy)an

teRmobedaymanlMdab;lMeday.

H2O



mineGLicRtUlItmincmøgGKÁisnI

cations (+) and anions (-) in solution

C6H12O6 (s)             C6H12O6 (aq)
H2O

េអឡិចƅតȅលីតñƊ ងំ េអឡិចƅតȅលីតខƥយ មិនេអឡិចƅតȅលតី

HCl CH3COOH (NH2)2CO

HNO3 HF CH3OH

HClO4 HNO2 C2H5OH

NaOH H2O C12H22O11

សŹសŗតុអីុយ៉ុង

ƅបតិកមŷេងê ȋតកករ

កករៈćអងèŋតុរǮងមិនរƀយែដលƫចែញកេចញពីសូលុយសŰǶងŕន។

smIkarm:UelKul

smIkarGIuy:ug

smIkarGIuy:ugsRmYl

Pb2+ + 2NO3
- + 2Na+ + 2I- PbI2 (s) + 2Na+ + 2NO3

-

Na+ និង NO3
- ćអីុយ៉ុងទសƖនិក (spectator))

PbI2

Pb(NO3)2 (aq) + 2NaI (aq) PbI2 (s) + 2NaNO3 (aq)

កករ

Pb2+ + 2I- PbI2 (s)



ìរសរេសរសមីìរអីុយុ៉ងសƅមȈល
1. សរេសរសមីìរមូ៉េលគុលលំនឹង

2. សរេសរសមីìរអុីយ៉ុងបĄƫ ញពីេអឡិចƅតȅលីតñƊ ងំ

3. កំណត់កករពីវ ǰŗនកƅមិតរƌយ

4. លប់េĉលអីុយ៉ុងទសƢនិកេŝអងôŒងំពីរៃនសមីìរអីុយ៉ុង

AgNO3 (aq) + NaCl (aq)          AgCl (s) + NaNO3 (aq)

Ag+ + NO3
- + Na+ + Cl- AgCl (s) + Na+ + NO3

-

Ag+ + Cl- AgCl (s)

សរេសរសមីìរសƅមȈលសƅŹប់ƅបតិកមŷៃនƅšក់នីƅňត
ēមួយសូដżȅ មកƊរ ួ

 វ ǰŗនកƅមិតរƌយសƅŹប់សŹសŗតុអីុយុ៉ងកś ȃងទឹកេŝ 250C

សŹសŗតុរƌយ ìរេលȋកែលង

សŹសŗតុែដលផő ȃកអីុយ៉ុងេƌហៈƷ
ល់ìƲំងនិង NH4

+

NO3
-, HCO3

-, ClO3
-

Cl-, Br-, I- Halides of Ag+, Hg2
2+, Pb2+

SO4
2- Sulfates of Ag+, Ca2+, Sr2+, Ba2+,

Hg2+, Pb2+

សŹសŗតុមិនរƌយ ìរេលȋកែលង

CO3
2-, PO4

3-, CrO4
2-, S2-

សŹសŗតុែដលផő ȃកអុីយ៉ុងេƌហៈƷ
ល់ìƲំងនិង NH4

+

OH- សŹសŗតុែដលផő ȃកអីុយ៉ុងេƌហៈ
Ʒល់ìƲំងនិង Ba2+



Solubility of Chemical Substances
Covalent Compounds: mostly insoluble gases, except O & N containing 

organic (C) liquids (polar: acids, bases, alcohols, etc.)

Ionic Compounds: many are soluble.
SOLUBILITY RULES: for Ionic Compounds (Salts)

1. All salts of alkali metals (IA) are soluble.
2. All NH4

+ salts are soluble.
3. All salts containing the anions: NO3

-, ClO3
-, ClO4

-, (C2H3O2
-) are soluble.

4. All Cl-, Br-, and I- are soluble except for Hg2
2+, Ag+, and Pb2+ salts.

5. All SO4
2- are soluble except for Pb2+, Ba2+, and Sr2+.

6. All O2- are insoluble except for IA metals Ca2+, Ba2+, and Sr2+  salts.
{Soluble metal oxides form hydroxides: CaO Ca 2+ + 2OH-}

7. All OH- are insoluble except for IA metals, NH4
+ & slightly soluble Ca 2+ Ba2+ & Sr2+

8. All salts containing the anions: CO3
2-, PO4

3-, AsO4
3-, S2- and SO3

2- are insoluble
except fro IA metals and NH4

+ salts.  
9. For salts containing the anions not mentioned above (e.g., CrO4

2-, Cr2O7
2-, P3-,

C2O4
2- etc.) assume that they are insoluble except for IA metals and NH4

+ salts,
unless, otherwise informed.

H2O

Elements: mostly insoluble solids, liquids & gases.

Ionic Compounds:

Ʒសុីត

រសēតិជូរ ទឹកេខŷះរសēតិជូរ ែផƊƅកȅចĎŷ រផő ȃកសុីតសីុƅទិច

ƅបតិកមŷēមួយេƌហៈបំŴយឧសŷ ័នអុីƅដȅែសន

ƅបតិកមŷēមួយìបូŃតនិងɦ ǷìបូŃតបំŴយìបូនឌីអុកសុី
ត

រសēតិចត់

ប៉ះរអិលƤប៊ូŴគេƅចȋនēšស

šស



ƷសុីតArrhenius ēƤរŗតុែដលផលិត H+ (H3O+) កś ȃងទឹក

šសArrhenius ēƤរŗតុែដលផលិត OH-កś ȃងទឹក

ƫƫសុីត Brønsted គឺćអŎកឲŹបǹតងុ
ŕសBrønsted គឺćអŎកទទួលŹបǹតុង

acidbase acid base



Ʒសុីតមូ៉ណូƅបȅតុង
HCl          H+ + Cl-

HNO3 H+ + NO3
-

CH3COOH   H+ + CH3COO-

េអឡិចƅតȅលីតñƊ ងំ,ƷសុីតñƊ ងំ

េអឡិចƅតȅលីតñƊ ងំ,ƷសុីតñƊ ងំ

េអឡិចƅតȅលីតេខƥយ,Ʒសុីតេខƥយ

Ʒសុីតឌីƅបȅតុង

H2SO4 H+ + HSO4
-

HSO4
- H+ + SO4

2-

េអឡិចƅតȅលីតñƊ ងំ,ƷសុីតñƊ ងំ

េអឡិចƅតȅលីតេខƥយ,Ʒសុីតេខƥយ

Ʒសុីតƅទីƅបȅតុង

H3PO4 H+ + H2PO4
-

H2PO4
- H+ + HPO4

2-

HPO4
2- H+ + PO4

3-

េអឡិចƅតȅលីតេខƥយ,Ʒសុីតេខƥយ

េអឡិចƅតȅលីតេខƥយ,Ʒសុីតេខƥយ
េអឡិចƅតȅលីតេខƥយ,Ʒសុីតេខƥយ

ƅបតិកមŷបនƥប

Ʒសុីត +šស អំបិល + ទឹក

HCl (aq) + NaOH (aq)          NaCl (aq) + H2O

H+ + Cl- + Na+ + OH- Na+ + Cl- + H2O

H+ + OH- H2O



ƅបតិកមŷអុកសីុដូេរដុកមŷ
(ƅបតិកមŷបេនŐរេអឡិចƅត Ȃង)

2Mg (s) + O2 (g)          2MgO (s)

2Mg         2Mg2+ + 4e-

O2 + 4e- 2O2-

ůក់កŃņ លƅបតិកមŷអុកសីុតកមŷ (ñត e-)

ůក់កŃņ លƅបតិកមŷេរដុកមŷ (ចំេណញe-)

2Mg + O2 + 4e- 2Mg2+ + 2O2- + 4e-

2Mg + O2 2MgO

ƛបតិកមƍបេនŦរេអឡិចƛតȚង
• ƅបតិកមŷបេនŐរេអឡិចƅត Ȃងēƅបតិកមŷអុកសីុដូេរដុកមŷ

ឬƅបតិកមŷេរដុក

• េƅបȋកś ȃងìរបេងêȋតចរនņអគô ិសនី

• ដូេចŚះមុខវ ǰēđ គីមីេនះេƮេអឡិចƅតȅគីមី

ELECTROCHEMISTRY



2Mg (s) + O2 (g)          2MgO (s)

2Mg         2Mg2+ + 4e-

O2 + 4e- 2O2-

• ůក់កŃņ លƅបតិកមŷអុកសីុតកមŷ (šត់ e-)

• ůក់កŃņ លƅបតិកមŷេរដុកមŷ (ចំេណញ e-)

ដំេណȋរìរគីមីēƅបតិកមŷអុកសីុដូេរដុកមŷែដល៖

ōមពលšនបេğć ញេīយƅបតកិមŷេកȋតេឡȋងឯកឯងšនបំែលងēអគô ិសនី

ឫōមពលអគô ិសនី។

0 0 2+ 2-

ůក់កŃņ លƅបតិកមŷេរដុក

• អុកសីុតកមŷ—šត់េអឡិចƅត Ȃងេīយƅបេភទគមីី;កេំណȋនចំនួនអុកសីុតកមŷ;

អុកសីុែសនេកȋន

• េរដុកមŷ—ចំេណញេអឡិចƅត Ȃង; ថយចុះចំនួនអុកសីុតកមŷ;អុកសីុែសនថយចះុ

• ŴŚ ក់Ąរអុកសីុតកមŷ—អŚកទទួលេអឡិចƅត Ȃង;ƅបេភទែដលរងេរដុកមŷ

• ŴŚ ក់Ąរេរដុកមŷ—អŚកឲេអឡិចƅត Ȃង;ƅបេភទែដលរងអុកសីុតកមŷ



• េរដុកមŷ (ចំេណញេអឡិចƅត Ȃង)មិនƷចេកȋតŹនេបȋöŷ នអុកសីុត

កមŷផņល់េអឡិចƅត Ȃង។

• អŚកមិនƷចŹនអុកសីុតកមŷពីរឫេរដុកមŷពីរកŸ ȃងសមìីរែតមួយ។
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 វ ǰធីេផƢងេទȐតេដȋមşីចងĉំ
(Another way to remember)
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Zn (s) + CuSO4 (aq)          ZnSO4 (aq) + Cu (s)

Zn រងអុកសុីតកមŷZn          Zn2+ + 2e-

Cu2+ រងេរដុកមŷCu2+ + 2e- Cu

ZnēŴŚ ក់Ąរេរដុកមŷ

Cu2+ēŴŚ ក់Ąរអុកសីុតកមŷ

សរៃសទង់ែដងƅបតិកមŷēមួយƅšក់នីƅňតឲេƌហៈƅšក់
អƏ ីēŴŚ ក់Ąរអុកសីុតកមŷកś ȃងƅបកមŷេនះ?

Cu (s) + 2AgNO3 (aq)          Cu(NO3)2 (aq) + 2Ag (s)

Cu          Cu2+ + 2e-

Ag+ + 1e- Ag Ag+រងេរដុកមŷ Ag+ēŴŚ ក់Ąរអុកសីុតកមŷ



ចំនួនអុកសីុតកមŷ
បនő ȃកƷតូមŹនកś ȃងមូ៉េលគុល (ឫសŹសŗតុអុីយ៉ុង)
េអឡិចƅត ȂងšនេផŐរŒងំƅស Ȃង។

1. ŗតុេសរ Ƕ(ŴពមិនចូលផƢ)ំŹនចំនួនអុកសីុតកមŷេសŷ ȋសូនż។

Na, Be, K, Pb, H2, O2, P4 = 0
2. អុីយ៉ុងម៉ូ ណូƷតូមŹនចំនួនអុកសុីតកមŷេសŷ ȋេœនិង
បនő ȃកេលȋអុីយ៉ុង។

Li+, Li = +1; Fe3+, Fe = +3;  O2-, O = -2

3. ēទូេœអុីƅដȅែសនŹនចំនួនអុកសុីតកមŷេសŷ ȋ –2។កś ȃង H2O2
និង O2

2- គឺេសŷ ȋ –1។

4. ចំនួនអុកសុីតកមŷរបស់អុីƅដȅែសនគឺ +1េលȋកែលងìលŃ
Ƒចងសមŭ័នŕēមួយេƌហៈកś ȃសŹសŗតេុទƏŗតុ។កś ȃង
ករណីŒេំនះចំនួនអុកសុីតកមŷរបស់Ƒគឺ –1។

6. ផលបូកចំនួនអុកសុីតកមŷៃនƷតូមŒងំƲយកś ȃងមូ៉េល
គុលឫអុីយ៉ុងគឺេសŷ ȋេœនិងបនő ȃកេលȋម៉ូ េលគុលឫអុីយុ៉ងេŜះ
។

5. េƌហៈƅក Ȃម IA គឺ +1េƌហៈƅក Ȃម IIA គឺ +2 និងភƋ ȃយអរគួឺ –1.

HCO3
-

O = -2 H = +1

3x(-2) + 1 + ? = -1

C = +4

រកចំនួនអុកសីុតកមŷŗតុ
ŒងំƲយកś ȃង HCO3

- ?



NaIO3

Na = +1 O = -2

3x(-2) + 1 + ? = 0

I = +5

IF7

F = -1

7x(-1) + ? = 0

I = +7

K2Cr2O7

O = -2 K = +1

7x(-2) + 2x(+1) + 2x(?) = 0

Cr = +6

រកចំនួនអុកសីុតកមŷៃន
ŗតុដូចតេœ ?

ƅបេភទƅបតិកមŷអុកសីុដូេរដុកមŷ

ƅបតិកមŷបនƢ ំ

A + B          C

S + O2 SO2

ƅបតិកមŷបំែបក

2KClO3 2KCl + 3O2

C          A + B

0 0 +4 -2

+1 +5 -2 +1 -1 0



ƅបតិកមŷជំនួស

A + BC          AC + B

Sr + 2H2O          Sr(OH)2 + H2

TiCl4 + 2Mg         Ti + 2MgCl2

Cl2 + 2KBr          2KCl + Br2

ជំនួសអីុƅដȅែសន

ជំនួសេƌហៈ

ជំនួសƷឡȅ ែសន

ƅបេភទƅបតិកមŷអុកសីុដូេរដុកមŷ

0 +1 +2 0

0+4 0 +2

0 -1 -1 0

េស៊រ ǶសកមŷŴពៃនេƌហៈ(The Activity Series for Metals)

M + BC          MC + B

ƅបតិកមŷជំនួស

M ēេƌហៈ
BC ēƷសីុតឬទឹកB ć H2

Ca + 2H2O          Ca(OH)2 + H2

Pb + 2H2O          Pb(OH)2 + H2



ƅបេភទƅបតិកមŷឌីសŸ Ȇតកមŷ

Cl2 + 2OH- ClO- + Cl- + H2O

ŗតុរងអុកសុីតកមŷនិងេរដុកមŷបនņបŜŐ ប់

ƅបេភទƅបតិកមŷអុកសីុដូេរដុកមŷ

Chlorine Chemistry

0 +1 -1

Ca2+ + CO3
2- CaCO3

NH3 + H+ NH4
+

Zn + 2HCl          ZnCl2 + H2

Ca + F2 CaF2

កករ

Ʒសុីតšស

េរដុក (ជំនួសH2 )

េរដុក (បនƢ)ំ

ចំŃត់ōŚ ក់ƅបតិកមŷដូចតេœ



េសŐ ȋតżȅ េមƅទីសូលុយសżȂ ង
កំƭប់សូលុយសżȂ ងēវតņŹនបរ ǰŹណអងôŗតុរƌយកś ȃងបរ ǰŹណអងô
ŗតុរȚƌយឫសូលុយសżȂ ងšនឲ។

M = ម៉ូƲរ Ƕេត =
ចំនួនម៉ូលអងêŗតុរƌយ

ŹឌសូលុយសżȂ ងēលីត

គណŜŹ៉ស KIƅតȅវìរេដȋមşីទេងƏȋសូលុយសƢȂ ង 500mL ែដលŹនកំƭប់
2.80 M ?

ŭឌ KI ម៉ូល KI ŭ៉ស KI
M KI M KI

500. mL = 232 g KI
166 g KI
1 mol KI

x
2.80 mol KI

1 L soln
x

1 L
1000 mL

x

àរេរȄបចំសូលុយសŰǶងកំơប់ម៉ូƦរǪេតŕនƘè ល់

កកំេķងទកឹ



ìរពƅĄវៈēដំេណȋរìរសƅŹប់ìរេរȐបចំសូលុយសżȂ ងកំƭប់ìន់ែតតូច។

ìរពƅĄវ

បែនŋមŗតុរȚƌយ

ចំនួនម៉ូលរបស់អងôŗតុរƌយ
មុនពƅĄយ

ចំនួនម៉ូលរបស់ŗតុរƌយ
េƅìយពƅĄវ=

MiVi MfVf=

េតȋអŚកេរȐបចំដូចេមņចេដȋមşីទទួលšន 60.0 mLកំƭប់ 0.2 M

ៃនHNO3 ពីសŇ ȃ កសូលុយសżȂ ងកំƭប់ 4.00 M ?

MiVi = MfVf

Mi = 4.00 Mf = 0.200 Vf = 0.06 L Vi = ? L

Vi =
MfVf

Mi
= 0.200 x 0.06

4.00
= 0.003 L = 3 mL

3 mL Ʒសុីត + 57 mL ទឹក = 60 mL សូលុយសżȂ ង



 វ ǰŴគìរបេងêȋតកករ
1. រȚƌយƤរŗតុមិនƤô ល់កś ȃងទឹក

2. ƅបតិកមŷƤរŗតុមិនƤô ល់ēមួយƤរŗតុែដលƤô ល់ឲកករ

3. េƅĉះនិងសមă ȉតកករ

4. ថƊឹងកករ

5. េƅបȋរបូមនņគីមីនិងŹ៉សកករេដȋមşីកំណត់បរ ǰŹណៃនអីុយ៉ុងមនិƤô ល់។

អƅňកមŷ
កś ȃងអƅňកមŷសូលុយសżȂ ងŹនƤô ល់Źនកំƭប់ēក់ƌក់គឺšន

បែនŋមបនņ ិចមņងៗេœេលȋសូលុយសżȂ ងមួយេទȐតកំƭប់មិនƤô ល់

រហូតដល់ƅបតិកមŷគីមីរƑងសូលុយសżȂ ងŒងំពីរសពƏ។

ចំណុចសមមូល –ēចំណុចែដលƅបតិកមŷសពƏ

អងôŗតុចងƶ ȃលព៍ណ –ēƤរŗតុែដលែƅបព៍ណេŝឯ (ឫជិត)
ចំណុចសមមូល

បែនŋមšសយឺតៗ
រហូតដល់Ʒសុីត

មិនƤô ល់
រហូតដល់

អងôŗតុចងƶ ȃល
ព៍ណែƅបព៍ណ



ចូររកŹឌៃនសូ លុយសżȂ ង NaOH កំƭប់1.420 M គឺƅតȅវìរសƅŹប់

25.00 mL សូលុយសżȂ ង H2SO4កំƭប់4.50 M?

សរេសរសមីìរគីមី

ŹឌƷសុីត ម៉ូលƷសុីត មូ៉លšស Źឌšស

H2SO4 + 2NaOH          2H2O + Na2SO4

4.50 mol H2SO4

1000 mL soln
x

2 mol NaOH
1 mol H2SO4

x
1000 ml soln

1.420 mol NaOH
x25.00 mL = 158 mL

M

acid

rx

coef.

M

base

គីមីអនុវតĺន៏

3CH3CH3OH + 2K2Cr2O7 + 8H2SO4 3CH3COOH + 2Cr2(SO4)3 + 2K2SO4 +11H2O

àរេធƃǿេតសĺរកវតĺŭនƫល់កុលŭនកŎǶងČម

អុកសុីតកមūេអļណុលេğយបូ៉ļសŰǹមឌីŹកǹŭ៉តកŎǶងមជĬğĢ នƫសីុត

ឧបករណ៏េតសĺរកćតិƫល់កុលកŎǶងČម



លំơត់

លំơត់



លំơត់

លំơត់



លំơត់

លំơត់



លំơត់

លំơត់



លំơត់

លំơត់



លំơត់

លំơត់



លំơត់

េមេរȐនទី២៖លំនឹងគីមី
Chemical Equilibrium



លំនឹងគីមី
លំនឹងគីមីេកǿតŭន àលķេលœȂនៃនàរបំŕត់អងèŋតុŹបតិករ និងេលœȂនៃនàរផលិតផលមិែŹបŹបǼល និងកំơប់Źបេភទគីមីņំងពីរ

(Źបតិករ និងផលិតផល)េថរ។
លំនឹងគីមីćលំŐំធីķមិច។ ឧņហរណ៏ៈ àរជិះសèី

លំនឹងរូប
• លំនឹងៃនƘរŋតុែតមួយែដលŭនŞសេŹចǿនេƢ លលំនឹងរូប។

ឧņហរណ៏ៈ  ទឹក



េបǿ Q < Keq,ររȎកិលេŇƘĺ ំ
(េĂš ះេŇåងផលតិផល)

េបǿ Q > Keq, រȎកិលេŇåងេឆƃង
(េĂš ះេŇåងŹបតកិរ)

Źបតិករ ផលិតផល លំនឹងៈ មិនŭនបែŹមបŹមǼល Źបតិករ  ផលិតផលបតិករ

វឌĬនŨពŹបតិកមū

បēĖតĺិៃនលំនឹង
ពិýរķកំណកêū នព៍ណៃនN2O4េőសីតុណƟ Ũពបនńប់ 

ƅបំែបកឲŰćNO2ព៍ណេļŎ ត:

N2O4(g) 2NO2(g).

• េőអំឡǶងេពលដូចêŎ  ព៍ណឈប់ែŹបŹបǼល និងេយǿងŭន

លŖយៃនN2O4 និង NO2.

• លំនឹងគីមីគឺćចំណុចែដលេលœȂនៃនŹបតកិមūេĂš ះេŇមកនងិ

េលœȂនŹបតកិមūŹតឡប់េŹàយ។

• េőចំណុចេនះ កំơប់ៃនŹបេភទគីមីņំងអស់េថរ



បēĖតĺៃិនលំនឹង
• េőេពលែដលƘរŋតុកំេĠƅýប់េផĺǿមបំែបកៈ
N2O4(g) 2NO2(g)

• េőេពលែដល NO2ŕនេកǿតេƦងŹគប់Źêន់ ƅƫចŹបតិកមū
េŇćសķĢ ន N2O4:

2NO2(g) N2O4(g).
• េőលំនឹង N2O4 ŹបតិកមūេŇļមលទŉŨពេŇćសķĢ នNO2 ដូច NO2 ŹបតិកមūេដǿមœបីĺǹរសķĢ នេŇć

N2O4

• សęĖ ŹពǼញពីរćន់Źŕប់ពីដំេណǿរàរគឺŭនលកãណៈćឌីķមិច

N2O4(g)             2NO2(g)

បēĖតĺិៃនលំនឹង
វឌĬនŨពៃនŹបតិកមūៈ
– [A] ថយចុះរហូតដល់េថរ

– [B] េកǿនេឡǿងពីសូនŰរហូតដល់ដល់េថរ
– េőេពល [A] និង [B] េថរ គឺលំនឹងŕនសŹមច(Čនដល់លំនឹង)។

A             B



បēĖតĺិៃនលំនឹង
• êū នបęƟ  àរýប់េផĺǿមបំែបកនឺŹបតិករ និងផលិតផល កំơប់សŭŭŹតដូចêŎ និងČនដល់លំនឹង។

ŹŹបតិកមūទូេŇ

កេនƙមេថរលនឹំងគឺ៖

ែដល Kc គឺćេថរលំនឹង

aA + bB(g)             pP + qQ

ba

qp
cK

BA
QP

បēĖតĺិៃនលំនឹង

• Kc គឺែផƩកេលǿកំơប់មូ៉ƦរǪេតៃនŹបតិករនិងផលិតផលេőេពលលំនឹង។

• ćទូេŇ េយǿងេýលåŎ តេថរលំនឹង

• ចូរកត់សŭè ល់ŁកេនƙមេថរលំនឹងគឺćផលែចករƅងផលិតផលនិងŹបតិករ។



បēĖតĺិៃនលំនឹងចូរសរេសរកេនƙមេថរលំនឹងសŹŭប់Źបតិកមūៈ

N2(g) + 3H2(g)             2NH3(g)

បēĖតĺិៃនលំនឹង
េថរលំនឹងសŹŭប់សŭš ធŭš (ធ(Ƙរŋតុឧសū័នសū័ន)

• េបǿ KP គឺćេថរលំនឹងសŹŭប់Źបតិកមūែដលņក់ទងេŇនឹង
ឧសū័ន។ េយǿងƫចសរេសរ៖

KP គឺែផƩកេលǿសŭš ធសŭš ធេğយែផŎកƅស់កŎǶងបរǤŲàស។

ba

qp
P

PP

PP
K

BA

QP



បēĖតĺិៃនលំនឹងទំហំៃនេថរលំនឹង
េថរលំនឹង K គឹćផលេធȄបរƅងផលិតផលនិងបិរតិករ

• ដូចេចŎះ តៃមžK àន់ែតធំ េŐះŭនផលិតផលកេកǿតេŹចǿន ចំេţះមុខលំនឹង។
• ŹýសមកវǤញ េបǿតៃមžK àន់ែតតូច េŐះŭនŹបតិករកេកǿតេŹចǿនចំេţះមុខលំនឹង។

• េបǿ K >> 1 េŐះឧតĺមŨពេŇåងផលិតផល និងលំនឹងទំេŐរេŇåងƘĺ ំ។
• េបǿ K << 1េŐះឧតĺមŨពេŇåងŹបតិករ និងលំនឹងទំេŐរេŇåងេឆƃង។

បēĖតĺិៃនលំនឹង
ទំហំៃនេថរលំនឹង

លំនឹងƫចខិតជិតេŇទិសេĠķមួយ
ឧņហរណ៏

N2O4(g)             2NO2(g)

212.0
ON

NO
42

2
2cK



បēĖតĺិៃនលំនឹង
ទំហំៃនេថរលំនឹង

• េថរលំនឹងសŹŭប់ŹបតិកមūកŎǶងទិសេĠមួយគឺćចŹŭសៃនេថលំនឹងៃនŹបតិកមūកŎǶងទិសេĠផńǶយêŎ ។

2NO2(g)             N2O4(g)

72.4
212.0
1

NO
ON

2
2

42cK

បēĖតĺិៃនលំនឹង
លលំនឹងមិនេសūǿƘច់Ƙច(ច(់Heterogeneous Equilibriaa)

• àលķŹគប់ŹបតិករនិងផលិតផលសĿិតកŎǶងŞសដូចêŎ (Şសែតមួយ) េŐះćលំនឹងេសūǿƘច់។

• េបǿŹបតិករឬផលិតផលមួយឬេŹចǿនŭនŞសខុសêŎ  េŐះćេថរលំនឹងមិនេសūǿƘច់។

– ļមរយៈàរពិេƘធ បរǤŭណៃន CO2 គឺមិនទំនងćƫŹស័យេលǿបរǤŭណៃន CaO និង CaCO3។ េហតុអƃី?

CaCO3(s)               CaO(s) + CO2(g)



បēĖតĺិៃនលំនឹង លលំនឹងេអេតរȔូែសន

េេថរលនំងឹ
លលំនឹងេអេតរȔូែសន

• ņំងដង់សុីេត ឬŭ៉សម៉ូលគឺćអេថរ។ កំơប់របស់អងèŋតុរǮង និងŻវសុទŉគឺេថរ។េយǿងនឹងសិកƙលំអិតកŎǶងេមេរȄនƫក់ទីវǪេត។
• េយǿងេýលកំơប់ៃនអងèŋតុŻវឬរǮងសុទŉកŎǶងកេនƙមេថរលំនឹង។.

• បរǤŭណ CO2ែដលេកǿតេឡǿងនឹងមិនƫŹស័យេលǿបរǤŭណៃនវតĺŭន CaO និងCaCO3 ។

Kc = [CO2]CaCO3(s)               CaO(s) + CO2(g)

S=solid= ŨពរǮង
Liquid= l = ŨពŻវ

gas=  s= Ũពឧសū័ន



àរគណŐេថរលំនឹង
ជំơនសŹŭប់េğះŹƘយបęƟ

1. សរេសរកេនƙមលំនឹងសŹŭប់សមីàរលំនឹង

2. សរេសរļŻងICE(I:Initial=ýប់េផĺǿម,C:Change=បែមžង និ

E=Equilibria=លំនឹង)

1. បំេពញបរǤŭណŕនឲŰ
2. េŹបǿេសńǿតŰǹេមŹទី(ផលេធȄបមូ៉ល)េőេលǿបែŹមបŹមǼលេលǿជួរកំơប់

3. àត់បនĿយកំơប់លំនឹងៃនŹគប់Źបេភទគីមី

4. ćទូេŇ កំơប់េដǿមៃនផលិតផលគឺសូនŰ(មិនŹគប់ករណីņំងអស់េទ)។

àរអនុវតĺេលǿេថរលំនឹង
ចូរពųករណ៏ពីទិសេĠៃនŹបតិកមū

េយǿងļង Q ćផលេធȄបŹបតិកមū សŹŭប់Źបតិកមūេőលកãខណħ មិនņន់លំនឹង។

ែដល [A], [B], [P], និង [Q] ćកំơប់មូ៉ƦរǪេតេőŹគប់េពល។
• Q = K ែតេőេពលលំនឹង

aA + bB(g)             pP + qQ

ba

qp
Q

BA
QP



àរអនុវតĺេលǿេថរលំនឹង
àរពųករណ៏ពីទិសេĠៃនŹបតិកមū

• េបǿQ > K គឺŹបតិកមūŹýសŹតǹវែតេកǿតេឡǿងេដǿេមœǿČនដល់លំនឹង(េŇេឆƃង)

• េបǿ Q < K គឺŹបតិកមūŹសបŹតǹវែតេកǿតេឡǿងេដǿេមœǿČនដល់លំនឹង(េŇƘĺ ំ)

Example Problem: Calculate Concentration

គណŐកំơប់HI: 2.5 mol/10.32 L = 0.242 M
2 HI                 H2 +   I2

2
22

][
]][[

HI
IHKeq

I:
C:
E:

0.242 M 0 0
-2x +x +x
0.242-2x x x

3
2

2

2 1026.1
]2242.0[]2242.0[

]][[ x
x

x
x

xxKeq

លំơតៈ់ àរបំែបកៃនHI េőសីតុណƟ ŨពņបŹតǹវŕនសិកƙļមរយៈàរýក់បēûǹល 2.50 ម៉ូលៃន HI េŇកŎǶងŨជន៏ចំណុះ10.32L។ចូរគណŐ
[H2]េőេពលលំនឹងសŹŭប់Źបតិកមūៈ2HI(g) H2(g) + I2(g) Kc=1.26x10-3



3
2

2

1026.1
]2242.0[

x
x

x

232 ]2242.0[1026.1 xxx
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េğះŹƘយសមីàរ

Example Problem: Calculate Keq

េគŕន 2 NO + O2 2 NO2

Initial:
Change:

Equilibrium:

កិចûàរៈ អុកសុីតកមūកŎǶងបរǤŲàសៃនƫហƖǹតអុកសុីតៈ

Źតǹវŕនសិកƙេő184oCćមួយសŭš ធេដǿមៃន NOគឺ 1atmនិងអុកសុីែសន(O2)េő1atm។ េőេពលលំនឹងសŭš ធO2គឺ
0.506atm។ គណŐKp?

ƘកលœងេğះŹƘយ



Approximating
If Keq is really small the reaction will not proceed to the right 

very far, meaning the equilibrium concentrations will be 
nearly the same as the initial concentrations of your 
reactants.

0.20 – x is just about 0.20 is x is really dinky.

If the difference between Keq and initial concentrations is 
around 3 orders of magnitude or more, go for it. 
Otherwise, you have to use the quadratic.

Example

a)កំơប់េដǿមៃន I2: 0.50 mol/2.5L = 0.20 M
I2 2 I

Initial
change
equil:

0.20 0
-x +2x
0.20-x 2x 10

2

10

2

2

1094.2
]20.0[

]2[

1094.2
][

][

x
x

x

x
I
IKeq

េğយេថរលំនឹងតូចåž ំង េŐះ x ƫចេýលŕននិង 0.20 – x = x

10
2

1094.2
20.0
]2[ xx x = 3.83 x 10-6 M

More than 3
orders of mag.
between these
numbers. The 

simplification will
work here.



Example

Initial Concentration of I2: 0.50 mol/2.5L = 0.20 M
I2                     2 I

Initial
change
equil:

0.20 0
-x +2x
0.20-x 2x 209.0

]20.0[
]2[

209.0
][

][

2
2

2

x
x

I
IKeq These are too close to

each other ... 
0.20-x will not be

trivially close to 0.20
here.

េğយេថរលំនឹងមិនតូចåž ំង េŐះ x មិនƫចេýលŕនេទ។
 ŹតǹវេğះŹƘយļមសមីàរដឺេŹកទី២

ƘកលœងេğះŹƘយ

េêលàរណ៏ណ៏ Chatelierer:r:ŹបសិនេបǿអŎករȎåនលំនឹងƅនឹងƅនឹងបĺǹរេŇមិនេធƃǿវǤញនូវàររȎåនåន។

ចូរចងýំŁៈេêលàរណ៍របស់បស់Chatelierr អនុęĖ តឱŰេយǿងទសƖņយលទŉផលែដលបķĺķĺ លមកពីàរŞž ស់បĺǹរ
លកãខណħ ៃនŹបព័នŉមួយេőលំនឹងគីមី។ េនះអនុęĖ តឱŰអŎកវǤទųƘźសĺបេងÞǿបេងÞǿǿតបេចûកេទសេដǿមœីŹគប់ŹគងŹបតិកមūគីមីេő
កŎǶងធមūćតិនិងឧសƙហកមūេដǿមœីទទួលŕនផលិតផលែដលចង់ŕន។

េêលàរណ ៏ ណ៏ Châtelier
Le Châteliererer’rr’’s Principle



េêលàរណ  ៏ Châtelier
បបែŹមបŹមǼលកơំបŹ់បតិករឬផលតិផល

àរបែនĿមŹបតិករឬផលិតផលរȎកិលលំនឹងេĂš ះេŇàរេកǿនេឡǿង។

àរយកេចញŹបតិករឬផលិតផលរȎកិលលំនឹងេĂš ះេŇរកàរថយចុះ។

េដǿមœីបេងÞǿនបរǤŭណផលិតផលឱŰŭនលំនឹងេយǿងŹតǹវàរបេងÞǿន

ŹបŨជន៏Źបតិករេហǿយបនĺដកផលិតផលេចញ (Châtelier) ។
ឧសƙហកមūផលិតƫម៉ូĘក់

N2(g) + 3H2(g)             2NH3(g)

េេêលàរណ៏  Châtelier
បបែŹមបŹមǼលកơំបŹ់បតិករឬផលផិល

ពិýរķអំពីដំេណǿរàររបស់ Haber

េបǿH2 ŕនបែនĿមេőេពលែដលŹបពន័ŉលំនឹង  េŐះŹបពន័ŉŹតǹវែតេឆžǿយតបេដǿមœីទប់ទល់និងàរបែនĿមH2 (by Le Châtelier)។ 

គឺŁŹបព័នŉŹតǹវែតេŹបǿŹŕស់  H2និងបនĿយផលិតផលរហូតដល់លំនឹងថūីŹតǹវŕនបេងÞǿតេឡǿង។

• ដូចេចŎះ [H2] និង [N2] នឹងថយចុះ។ ចំែណក [NH3] ŕនេកǿតេឡǿង។

N2(g) + 3H2(g)             2NH3(g)



េេêលàរណ៏  Châtelier
បែŹមបŹមǼលកំơប់Źបតិករឬផលិផល

ƫហƖǹត និងអីុŹដǹែសនមិនចូលŹបតិកមūគឺŹតǹវŕនែកៃចŎេឡǿងវǤញćមួយនិងឧសū័នថūីN2 និង H2 ។។
បរǤŭណលំនឹងៃនƫមូ៉Ęក់ŹតǹវŕនេធƃǿឱŰŹបេសǿរពីេŹţះផលិតផល (NH3) ŹតǹវŕនដកេចញćបនĺបŐń ប់េហǿយŹបតិករ (N2 និង H2)
កំពុង
 ŹតǹវŕនបែនĿមćបនĺបŐń ប់។

ឥទŉិពលŭឌ និងសŭš ធ
េőេពលŭឌŕនថយចុះ សŭš ធេកǿនេឡǿង។េêលàរណ៍របស់
Le Châtelier Źបសិនេបǿសŭš ធŹតǹវŕនេកǿនេឡǿងŹបព័នŉŹតǹវŕនរȎកិលេដǿមœីទប់ទល់និងàរេកǿនេឡǿងេនះ។

េêលàរណ៏  Châtelier
ពិýរķពីផលិតកមūƫមូ៉Ęក់

េបǿសŭš ធេកǿន បរǤŭណៃនវតĺŭនƫមូ៉Ęក់េőលំនឹងេកǿនេឡǿង។េបǿសីតុណƟ Ũពថយចុះ បរǤŭណƫម៉ូĘក់េőលំនឹងេកǿនេឡǿង។

N2(g) + 3H2(g)             2NH3(g)



េêលàរណ  ៏ Châtelier
បែŹមបŹមǼលកំơប់Źបតិករឬផលិផល

េêលàរណ៏  Châtelier
ឥឥទŉិពលŭឌ និងសŭš ធ

Źបព័នŉźផĺǺវŕនរȎកិលេដǿមœីយកឧសū័នេចញនិងបនĿយសŭš ធ។àរេកǿនេឡǿងសŭš ធសមŹសបនឹងទិសេĠែដលŭនចំនួនម៉ូលឧសū័នតិចតួច។

េőកŎǶងŹបតិកមūćមួយចំនួនម៉ូលឧសū័នៃនផលិតផលនិងŹបតិករដូចêŎ  េŐះឧសū័នសŭš ធមិនŭនŹបសិទŉិŨពេទ។

ពិýរķ

N2O4(g)             2NO2(g)



េេêលàរណ៏  Châtelier
ឥឥទŉិពលŭឌ និងសŭš ធ

àរេកǿនេឡǿងសŭš ធ (េğយàរបនĿយបរǤŭណ) អនុេŹêះដល់àរបេងÞǿត N2O4 êū នពណ៌។ 

សŭš ធេកǿនេឡǿងŨž មៗŹបព័នŉមិនŭនលំនឹងេហǿយកំơប់ឧសū័នņំងពីរŕនេកǿនេឡǿង។

Źបព័នŉŞž ស់ទីេដǿមœីàត់បនĿយចំនួនម៉ូលៃនឧសū័ន (ឧņហរណ៍ŹបតិកមūេĂš ះេŇមុខŹតǹវŕនេគេពញចិតĺ) ។ 

លំនឹងថūីមួយŹតǹវŕនបេងÞǿតេឡǿងែដលកŎǶងេŐះលŖយេនះŹƘលćងមុនេŹţះŭន N2O4 êū នពណ៌។

េេêលàរណ៏  Châtelier
ឥទŉិពលៃនបែŹមបŹមǼលសតីណុƟ Ũព

េថរលំនឹងគឺƫŹស័យនិងសីតុណƟ Ũព

ចំេţះŹបតិកមūŹសǹបកេŮĺ H > 0 និងកេŮĺ ŹតǹវŕនពýិរķćŹបតិករ

ចំេţះŹបតិកមūŹសǹបកេŮĺ H < 0 និងកេŮĺ Źតǹវŕនពýិរķćផលិតផល

àរបែនĿមកំេĠ (ឧ.àរកេŮĺ Ũជន៏ ) អនុេŹêះពីàរេកǿនេឡǿង៖
– េបǿ H > 0, àរបែនĿមកេŮĺ េធƃǿឲŰŹបតកិមūទេំŐរេŇមខុ

– េបǿ H < 0, àរបែនĿមកេŮĺ េធƃǿឲŰŹបតកិមūទេំŐរŹតឡប់







កិចûàរ







គីមីវǤŨគ Ũគ២
Analytical Chemistry Part 2

េតǿអƃីេŇćគីមីវǤŨគ?
ćវǤទųƘŹសĻņក់ទងេŇនិងàរែញក àរេធƃǿអតĺសęĖ ណកមū នសƘរŋតុកŎǶងŨគសំķក។

àរវǤŨគែចកć៖
វǤŨគគុណŨពៈចង់ដឹងŁ  េតǿŭនŋតុបងÞអƃីខžះកŎǶងŨគសំķក។
វǤŨគបរǤŭណៈចង់ដឹងŁ  េតǿŋតុបងÞនីមួយៗŭនបរǤŭណបុ៉Őū ន។





åŎ តសំåន់ៗនិយមេŹបǿកŎǶងគីមី

åŎ តេផƖងៗេទȄត





កŹមិតេលƩȅងកŎǶងវǤŨគគីមី



Źគប់àរពិេƘធសុទŉែតŨą ប់មកនវូេលƩȅង

េលƩȅងៃចដនŰ

េលƩȅងមិនŕនេŹពȅងទុក េលƩȅងកំណត់

េលƩȅងŹបពន័ŉ

ឧņហណ៏ៈសីតុណƟ Ũព ƫàសŋតុ……។ល។ ឧņហណ៏ៈàរŹកិតឧបករណ៏ លកãខណħ……។ល។

ពិេƘធន៏ៈ កំណត់បរǤŭណែដកកŎǶងŨគសំķក(គិតćppm)

ររូបåងេឆƃងៈ លទŉផលŕនមកពàីរកំណត់បរǤŭណែដក(III)កŎǶងŨគសំķកទឹកចំនួន៦ដង ļមវǤធីដូចៗêŎ  ៃនសូលុយ
សŰǶងសĺង់ğែដលŭនែដក(III) 20.0ppm ។ តៃមžមធŰមគឺ19.78ppm Źតǹវŕនបងèត់ć
19.8ppm.

1. មធŰម និងេមដųន

ែដល Xiតៃមžៃនàរƅស់នីមួយៗ, N ចំនួនៃនàរƅស់, ផលបូក

(5-1)



េមដųនៈគឺćមធŰមៃនតៃមžកķĺ លែដលŕនេរȄបពីតូចេŇធំ។

Ũពćក់ƀក់(Precision):គឺćŨពជិតបំផុតៃនលទŉផលែដលទទួលŕនļមវǤធីដូចêŎ ។
ŭនţកŰ(Terms)បីŕនេŹបǿសŹŭប់ពិពណ៍Őពីឈុត(set)ទិនŎន័យចមžង(replicate data)គឺ៖លំøកសĝង់ğ ƅȔ រŰង់ និងេមគុណលំ
øក។ ţកŰņំងបីេនះćអនុគមន៏ Łេតǿតៃមžនីមួយ Xi េƢលំøកពីមធŰម di ៖
ែដល 

(5-2)

ŨពŹតឹមŹតǹវ(Accuracy):បøƟ ញពីŨពជិតបំផុតៃនàរƅស់េŇនិងតៃមžពិតឬតៃមžទទួលយកŕន ណិងបøƟ ញពីកŹមិតេលƩȅង។

េលƩȅងğច់åត(Absolute Error):ļងេğយEកŎǶងàរƅស់ៃនបរǤŭណxļមសមីàរ៖  

ែដល Xt ćតៃមžពិតឬតៃមžទទួលយកŕន។
(5-3)



ŨពŹតឹមŹតǹវņបនិងŨពćក់ƀក់ņប ŨពŹតឹមŹតǹវņបនិងŨពćក់ƀក់ខšស់

ŨពŹតឹមŹតǹវខšស់និងŨពćក់ƀក់ņប ŨពŹតឹមŹតǹវខšស់និងŨពćក់ƀក់ខšស់

េេលƩȅងេធȄប(Relative Error)

េលƩȅងេធȄបEr គឺŭនƘរៈសំåន់ែបបបរǤŭណćងេលƩȅងğច់åត។ŨគរយេលƩȅងេធȄបគឺŕនផĺល់ឲŰļមរយៈកេនƙម៖

åŎ តគិតć  ppt ( Parts per thousand)

ឧņហរណ៏ៈេលƩȅងេធȄបសŹŭប់មធŰមៃនទិនŎន័យFigure 5-1គឺៈ

(5-4)



ŹបេភទេលƩȅងកŎǶងទិនŎន័យពិេƘធន៏

លំøកសĺង់ğសំķក(Sample Standard Deviation) ļងេğយ “S”

ែដលបរǤŭណ (xi - ) តំķងឲŰតៃមžលំøកdi ៃនតៃមžXi ពីមធŰម  

(N – 1)ćចំនួនដឺេŹកćេសរǪ( number degrees of freedom)



ȔƅរŰង(់S2), Variance: ćàេរȔៃនលំøកសĺង់ğ។ ȔƅរŰងS់2 គឺŭនរូបមនĺ៖



លំøកសö់ğេធȄប(RSD)និងេមគុណលំøក(CV):



ğល ឬ ជួរ (Spread or Range (w)

ğល ឬ ជួរ w គឺćţកŰេផƖងេទȄត ែដលជួនàលŕនេŹបǿសŹŭប់ពណ៍ŐពីŨពćក់ƀក់ៃនលទŉផលŹļប់(replicate)។  ğល ឬ ជួរ គឺćŨព 

ខុសêŎ រƅងតៃមžធំបំផុតនិងតៃមžតូចបំផតុៃនឈុត។ ដូចេចŎះ ğលៃនទិនŎន័យកŎǶង(5-1) គឺ៖(20.3-19.4)=0.9ppm, Fe ។

លំøកសĺង់ğេធȄប(RSD)េមគុណលំøក(CV)





កŹមិតេជȁćក់(Confidence Level) ļងCl

ឬ

t អនុគមន៏សĿិតិ ឬអនុគមន៏Student, Sលំøកសĺង់ğ…

កិចûàរ



កិចûàរ

លំនឹងƫសីុត ŕសនិង អŹļកមū( Acid-base Equilibrium and Titrations)

1. និមយន័យៈ

ļម Ahhrenuis : កŎǶងĂŎ ំ1887 េğយអŎកវǤទųƘŹសĻជនćតិ Swedish

-ƫសុតីćƘរŋតុែដលរƀយកŎǶងទឹកƫចចមžងអគèិសនី និងឲŰអីុយ៉ុងអីុŹដǹែសន(H+)។ឧņ. HCl(aq)→H+(aq)+Cl−(aq)

- ŕសćƘរŋតុែដលរƀយកŎǶងទឹកƫចចមžងអគèិសនី និងឲŰអីុយុ៉ងអីុŹដǶកសីុត(OH−)។ឧņ.

NaOH(aq)→Na+(aq)+OH−(aq)

ļម Brønsted and Lowry:

-ƫសុីត:ćŹបេភទគីមីņំងƦយķែដលƫចឲŰŹបǹតុងកŎǶងទឹក។
-ŕស: ćŹបេភទគីមីņំងƦយķែដលƫចទទួលយកŹបǹតុងកŎǶងទឹក។



ឧņហរណ៏ ƫសុីត ŕស Brønsted and Lowry



ទឹកćƘរŋតុអំផូលីត គឺƫចេដǿរតួƫសុីត-ŕសBrønsted-Lowry

ƫសុីត-ŕស LEWIS:

- ƫសុតីៈćអŎកទទួល(acceptor)េទƃļេអឡិចŹតǶង
- ŕសៈćអŎកឲŰ(donor)េទƃļេអឡិចŹតǶង។ Examples of Lewis Bases: OH-, F-, H2O, ROH,

NH3, SO4
2-, H-, CO, PR3, C6H6.



ƫសុីតåž ំង និងŕសåž ំង( Strong acids and bases)
ƫសុីតåž ំងៈćƫសុីតņំងƦយែដលបំែបកសពƃ(~100%)ćអីុយ៉ុងកŎǶង
សូលុយសŰǶង។
ŕសåž ំងៈćŕសņំងƦយែដលបំែបកសពƃ(~100%)ćអីុយ៉ុងកŎǶង
សូលុយសŰǶង។

ឧņហរណ៏ៈ

àរបំែបកៃនƫសីុត ŕសåž ំង



ƫសីុតេខƙយ និងŕសេខƙយ(Weak  acids and bases)

ƫសុីតេខƙយៈ ćƫសីុតņំងƦយែដលបំែបកមិនសពƃ(<10%)ćអីុយ៉ុងកŎǶងសូលុយសŰǶង។
ŕសេខƙយៈ ćŕសņំងƦយែដលបំែបកមិនសពƃ (<10%)ćអីុយ៉ុង
កŎǶងសូលុយសŰǶង។

ឧņហរណ៏ៈ ƫសុីតេខƙយដូចć៖ពពួកƫសុីតàបុកសីុលិច(R-COOH) និងƫសីុតែរȔមួយចំនួនដូចć៖ H2CO3,H2SO3,

H3PO4, H2S…





អុីយ៉ុងកមūៃនទឹក





សូលុយសŰǶងតំប៉ុង(Buffer Solution):ćសូលុយសŰǶងទឹកៃនលŖយរƅងƫសីុត

េខƙយ និងŕសĂž ស់របស់ƅ ឬ ŹýសមកវǤញ។ pH របស់ែŹបŹបǼលតិចតួច àលķេគបែនĿមបរǤŭណបនĺិចបនĺǼចៃនƫសីុតåž ំងឬŕសåž ំងេលǿƅ(តំបុ៉ង)។



ទេងƃǿសូលុយសŰǶងតបំ៉ុង

pH=4 Źតǹវàរ Vol. 164mL of 0.1M acetic acid និងVol. 36mL of 0.1M sodium
acetate ។

pH=6.8 Źតǹវàរ vol. 23.65mL of 0.2M NaOH with 50 mL of 0.2M KH2PO4 និង
ពŹøវេŇć 200mL សូលុយសŰǶង។

pH=10 Źតǹវàរ4.47g Sodium tetraborate(Na2B4O7) និង 183mL ៃន0.10M NaOH
និងពŹøវេŇć 1L សូលុយសŰǶង។    

https://www.pharmaguideline.com/2010/09/preparation-of-buffer-
solutions.html#gsc.tab=0



បេŹមǿបŹŭសស់ូលុយសŰǶងតបំ៉ុង

េŹបǿកŎǶង៖ គីមី គីមីជីវៈ ជីវវǤទų ឧសƙហកមū។ល។ (ពនŰល់បែនĿម)



àរគណŐpHរបស់សូលុយសŰǶងƫសុីត-ŕស

àរគណŐ របស់សូលុយសŰǶងƫសីុតឬ ŕសåž ំង



àរគណŐ របស់សូលុយសŰǶងƫសុីតឬ ŕសេខƙយ





អŹļកមūƫសុីត-ŕស(Acids- Bases Titrations)
និយមន័យៈ អŹļកមūćបេចûកេទសវǤŨគែបបŭឌ េŹបǿេដǿមœីរកបរǤŭណៃនƘរŋតុមិនƘè ល់(Ũគសំķក) េğយេŹបǿបរǤŭណៃនƘរŋតុŕនƘè ល់(សĺង់ğឬ អŹļករ) េğយ 

េŹបǿអងèŋតុចងƩǶលព៍ណសŹŭប់កំណត់ចំណុ ចសមមូល។

អŹļកមūែចកć៖

អŹļកមūƫសីុត-ŕស

អŹļកមūកករ
អŹļកមūអុកសុីដូ-េរដុកមū
អŹļកមūកំុផžិច

សĺង់ğ ឬ អŹļករŭន៖ សĺង់ğទី១ និងសĺង់ğទី២

លកãណៈƘរŋតុសĺង់ğទី១

១/ ŭនកŹមិតសុទŉខšស់រហូតដល់99.99%

២/ េសĿរŨពកŎǶងបរǤŲàស

៣/øយរƀយកŎǶងទឹក

៤/ ŹបតិកមūŨžមៗćមួយŋតុបŐń ល់

៥/ ŭ៉សមូ៉លធំ (ýប់ពី100g/mol េឡǿងេŇ

៦/ តៃមžសមរមŰ

ឧņ. Na2CO3, Na2C2O4.2H2O, KHC8H4O4(KHP), KMnO4…..



រូបអŹļកមū

អងèŋតុចងƩǶលព៍ណនិយមេŹបǿកŎǶងអŹļកមūƫសុតី-ŕស



អƙǂកមƗǕសីុត-Ǉស 
អƙǂកមƗǕសីុតƴƚ ំងƺមួយǇសƴƚ ំងៈ ƺƙបិកមƗសពƛ។
ឧǄ. HCl + NaOH NaCl +   H2O

កុƒងអƙǂកមƗេនះែចកេចញƺបីដំបន់ខុសៗƵƒ ៖ 

មុនចំណុ ចសមមូល ƺសូលុយសƘុងǕសីុត( pH<7.00)

េǷចំនុចសមមូល ƺសូលុយសƘុងណឺ ត (pH =7.00)

េƙƳយចំណុ ចសមមូល ƺសូលុយសƘុងǇស ( pH>7.00)



ែែខƖេàងអŹļកមūƫសីុតåž ំងćមួយŕសåž ំង

អƙǂកមƗមូ៉ណូǕសីុតេខǜយƺមយួǇសƴƚ ងំ
ឧǄ. CH3COOH + NaOH CH3COONA  +  H2O

កƒុងអƙǂកមƗេនះែចកេចញƺបនួដំបន់ខុសៗƵƒ ៖

១/ មុនបែនƏមអƙǂករ(សƎង់ƽ) ƺសូលុយសƘុងǕសីុតេខǜយ(pH<7.00)

២/ មុនចំណុចសមមូល ƺសូលុយសƘុងតំប៉ុង( េƙបីសមីƳរ Henderson)

៣/ េǷចំនុចសមមូល ƺសូលុយសƘុងǇសេខǜយ( 8.0<pH<9.0)

៤/ េƙƳយចំណុចសមមូល ƺសូលុយសƘុងǇសƴƚ ងំ (pH>12)



ែខƖេàងអŹļកមū



អƛŞកមƍម៉ូណូŷសេខƽយĩមួយǏសីុតćƠ ំង
ឧņ. NH3 + HCl NH4Cl

កŎǶងអŹļកមūេនះែចកេចញćបួនដំបន់ខុសៗêŎ ៖

១/ មុនបែនĿមសĺង់ğ(HCl) ćសូលុយសŰǶងŕសេខƙយ(NH3)

២/មុនចំនុចសមមូល ćសូលុយសŰǶងតំបុ៉ង( េŹបǿសមីàរ Henderson)

៣/ េőចំណុចសមមូល ćសូលុយសŰǶងƫសុីតេខƙយ (NH4Cl)

៤/ េŹàយចំណុចសមមូល ćសូលុយសŰǶងƫសីុតåž ំង(HCl)

ចំķំៈ កŎǶងអŹļកមūេនះេគេŹបǿ េមទីលŹកហម(MR) ćអងèŋតុចងƩǶលព៏ណ។



ែខƖេàងអŹļកមū

ចំណុចសមមូល

ŭឌ HCl ŕនបែនĿម(mL)



• Where is the equivalence point?

អŹļកមūប៉ូលីƫសុីតćមួយŕសåž ំង

ប៉ូលីƫសុីតļង(H2A) ដូចć៖ H2CO3,H2SO3, H2C2O4. H2S, H3PO4…..

សមីàរអŹļកមū៖



ដំបន់ņំង៦ៃនអŹļកមū

ែខƖេàងអŹļកមū



អŹļកមūប៉ូលីŕសćមួយƫសុីតåž ំង
ប៉ូលីŕសដូចć៖Na2CO3, Na2C2O4, Na2S, Na3PO3..

សមីàរអŹļកមū

ដំបន់ņំង៦ៃនអŹļកមū

ែខƖេàងអŹļកមū



កិចûàរ

លំនឹងបេងÞǿតកករ និងអŹļកមū

េតǿេពលķកករេកǿតŭន?



លំនឹងកŹមិតរƀយ
AgCl (s) Ag+ (aq) + Cl- (aq)

Ksp = [Ag+][Cl-] Ksp ćេថរផលគុណកŹមិតរƀយ

MgF2 (s) Mg2+ (aq) + 2F- (aq) Ksp = [Mg2+][F-]2

Ag2CO3 (s) 2Ag+ (aq) + CO3
2- (aq) Ksp = [Ag+]2[CO3

2-]

Ca3(PO4)2 (s) 3Ca2+ (aq) + 2PO4
3- (aq) Ksp = [Ca2+]3[PO4

3-]2

àររȎƀយៃនអងèŋតុរǮងអីុយ៉ុងកŎǶងសូលុយសŰǶងទឹក

Q = Ksp
សូលុយសŰǶងែឆƩត

Q < Ksp
សូលុយសŰǶងមិនែឆƩត êū នកករ

Q > Ksp
សូលយសŰǶងែឆƩតហួស កករនឹងេកǿតŭន

កŹមិតរƀយćម៉លូ(mol/L) គឺćចំនួនមូ៉លៃនŋតុរƀយŕនរƀយកŎǶង 1 L ៃនសុលុយសŰǶងែឆƩត។

កŹមិតរƀយ(g/L)គឺćចំនួនŹàមៃនŋតុរƀយŕនរƀយកŎǶង 1 L ៃនសុលុយសŰǶងែឆƩត។

កŹមតរƀយៃនសŭសŋតុ កŹមតរƀយćម៉ូលៃនសŭសŋតុ កំơប់ៃនàចុង
និងƫញ៉Ƕង Kspៃនសŭសŋតុ

Kspៃនសŭសŋតុ
កំơប់ៃនàចុង
និងƫញ៉Ƕង

កŹមតរƀយćម៉ូលៃនសŭសŋតុ កŹមតរƀយៃនសŭសŋតុ



គណŐកŹមិតរƀយៃនŹŕក់កžរួគិត g/L ?

AgCl (s) Ag+ (aq) + Cl- (aq)

Ksp = [Ag+][Cl-]ýប់េផĺǿម(I) (M)

បែមžង(C) (M)

លំនឹង(E) (M)

0.00

+s

0.00

+s

s s

Ksp = s2

s = Ksp

s = 1.3 x 10-5
[Ag+] = 1.3 x 10-5 M [Cl-] = 1.3 x 10-5 M

កŹមិតរƀយៃន AgCl = 1.3 x 10-5 mol AgCl
1 L soln

143.35 g AgCl
1 mol AgClx = 1.9 x 10-3 g/L

Ksp = 1.6 x 10-10

16.6

If 2.00 mL of 0.200 M NaOH are added to 1.00 L of 
0.100 M CaCl2, will a precipitate form?

16.6

The ions present in solution are Na+, OH-, Ca2+, Cl-.

Only possible precipitate is Ca(OH)2 (solubility rules).

Is Q > Ksp for Ca(OH)2?

[Ca2+]0 = 0.100 M [OH-]0 = 4.0 x 10-4 M

Ksp = [Ca2+][OH-]2 = 8.0 x 10-6

Q = [Ca2+]0[OH-]02 = 0.10 x (4.0 x 10-4)2 = 1.6 x 10-8

Q < Ksp No precipitate will form



What concentration of Ag is required to precipitate ONLY 
AgBr in a solution that contains both Br- and Cl- at a 

concentration of 0.02 M?

AgCl (s) Ag+ (aq) + Cl- (aq)

Ksp = [Ag+][Cl-]
Ksp = 1.6 x 10-10

16.7

AgBr (s) Ag+ (aq) + Br- (aq) Ksp = 7.7 x 10-13

Ksp = [Ag+][Br-]

[Ag+] = 
Ksp

[Br-]
7.7 x 10-13

0.020= = 3.9 x 10-11 M

[Ag+] = 
Ksp

[Cl-]
1.6 x 10-10

0.020= = 8.0 x 10-9 M

3.9 x 10-11 M < [Ag+] < 8.0 x 10-9 M

The Common Ion Effect and Solubility

The presence of a common ion decreases 
the solubility of the salt.

What is the molar solubility of AgBr in (a) pure water 
and (b)  0.0010 M NaBr?

AgBr (s) Ag+ (aq) + Br- (aq)

Ksp = 7.7 x 10-13

s2 = Ksp

s = 8.8 x 10-7

NaBr (s) Na+ (aq) + Br- (aq)

[Br-] = 0.0010 M
AgBr (s) Ag+ (aq) + Br- (aq)

[Ag+] = s
[Br-] = 0.0010 + s 0.0010
Ksp = 0.0010 x s

s = 7.7 x 10-10
16.8



pH and Solubility
• The presence of a common ion decreases the solubility.

• Insoluble bases dissolve in acidic solutions
• Insoluble acids dissolve in basic solutions

Mg(OH)2 (s) Mg2+ (aq) + 2OH- (aq)

Ksp = [Mg2+][OH-]2 = 1.2 x 10-11

Ksp = (s)(2s)2 = 4s3

4s3 = 1.2 x 10-11

s = 1.4 x 10-4 M
[OH-] = 2s = 2.8 x 10-4 M
pOH = 3.55  pH = 10.45

At pH less than 10.45
Lower [OH-]
OH- (aq) + H+ (aq) H2O (l)

remove

Increase solubility of Mg(OH)2

At pH greater than 10.45
Raise [OH-]

add

Decrease solubility of Mg(OH)216.9

Complex Ion Equilibria and Solubility

A complex ion is an ion containing a central metal cation 
bonded to one or more molecules or ions.

Co2+ (aq) + 4Cl- (aq) CoCl4 (aq)2-

Kf =
[CoCl4 ]

[Co2+][Cl-]4
2-

The formation constant or stability constant (Kf) is the 
equilibrium constant for the complex ion formation.

Co(H2O)6
2+ CoCl42-

16.10

Kf
stability of 
complex



16.11

Qualitative 
Analysis of 

Cations

16.11



លំនឹងអុកសីុដូេរដុកមƗ និងអƙǂកមƗ
កុƒងេមេរȢន ៖ េអឡចិƙតȪគីមី និង ƙបតិកមƗកុƒងសូលុយសƘុងទឹក។

រ ំលឹកពី ƙបតិកមƗេរដុក និងƳរថƚឹងសមីƳរេរដុក។

LEO GER

OIL RIG

Balancing simple redox reactions
Cu (s)     +    Ag +(aq) Ag(s)     +    Cu2+(aq)

Step 1: Pick out similar species from the equation

Cu(s) Cu2+(aq)

Ag +(aq) Ag (S)

Step 2: Balance the equations individually for
charges and number of atoms

Cu0(S)                      Cu2+(aq) + 2e-

Ag +(aq) + e- Ag (S)



Balancing simple redox reactions
Cu0(S) Cu2+(aq) + 2e-

Ag +(aq) + e- Ag (S)

Cu0(S) becomes Cu 2+ (aq) by loosing 2 electrons.
So Cu0(S) getting oxidized to Cu2+(aq) is the

oxidizing half reaction.

Ag+(aq) becomes Ag 0 (S) by gaining 1 electron.
So Ag+(aq) getting reduced to Ag (S) is the

reducing half reaction.

LEO-GER

Balancing simple redox reactions

Final Balancing act:

[Cu0(S) Cu2+(aq) + 2e-] × 1

[Ag +(aq) + e- Ag (S)]× 2

Making the number of electrons equal in both
half reactions

So we have,
Cu0(S) Cu2+(aq) + 2e-

2Ag +(aq) + 2e- 2Ag (S)



Cu0(S) Cu2+(aq) + 2e-

2Ag +(aq) + 2e- 2Ag (S)

Balancing simple redox reactions

Cu0(S) + 2Ag +(aq) + 2e-
Cu2+(aq) + 2Ag (S) + 2e-

Cu0(S) + 2Ag +(aq) Cu2+(aq) + 2Ag (S)

Number of  e-s involved in the overall reaction is 2

Balancing complex redox reactions

Fe+2(aq) +  MnO4
-(aq) Mn+2(aq) +    Fe+3(aq)

Fe+2(aq) Fe+3(aq) + 1e-

MnO4
-(aq) Mn+2(aq)

Oxidizing half:

Reducing half:

Balancing atoms:

MnO4
-(aq)+ Mn+2(aq) + 4H2O

Balancing 
oxygens:



Balancing complex redox reactions

MnO4
-(aq)+8H+ Mn+2(aq) + 4H2O

Balancing hydrogens:

Oxidation 
numbers: Mn = +7,

O = -2 Mn = +2

Balancing electrons:
The left side of the equation has 5 less electrons than the right side

MnO4
-(aq)+8H++ 5e- Mn+2(aq) + 4H2O

Reducing Half

Reaction happening in an acidic medium

Balancing complex redox reactions
Final Balancing act:
Making the number of electrons equal in both half reactions

[Fe+2(aq) Fe+3(aq) + 1e- ]× 5

[MnO4
-(aq)+8H++ 5e- Mn+2(aq) + 4H2O]×1

5Fe+2(aq) 5Fe+3(aq) + 5e-

MnO4
-(aq)+8H++ 5e- Mn+2(aq) + 4H2O

5Fe2++MnO4
-(aq)+8H++ 5e-

5Fe3+ +Mn+2(aq) + 4H2O + 5e-



Balancing complex redox reactions
5Fe2++MnO4

-(aq)+8H+ 5Fe3+ +Mn+2(aq) + 4H2O

5 Fe 2+ ions  are oxidized by 1 MnO4
- ion to 5 Fe3+

ions. Conversely 1 MnO4
- is reduced by 5 Fe2+ ions

to Mn2+.

If we talk in terms of moles:

5 moles of Fe 2+ ions  are oxidized by 1mole of 
MnO4

- ions to 5 moles of Fe3+ ions. Conversely 
1 mole of MnO4

- ions is reduced by 5 moles of 
Fe2+ ions to 1 mole of Mn2+ ions.

Conclusion from the balanced
chemical equation

For one mole of MnO4
- to completely react 

With Fe2+, you will need 5 moles of Fe2+ ions.
So if the moles of MnO4

- used up in the reaction
is known, then the moles of Fe2+ involved in the 

reaction will be 5 times the moles of MnO4
-

Mathematically written:
][5 4

2 MnOofmolesFeofMoles



How does this relationship concern our experiment?

Titration of unknown sample of Iron Vs KMnO4:

The unknown sample of iron contains, iron in Fe2+

oxidation state. So we are basically doing a redox
titration of Fe2+ Vs KMnO4

5Fe2++MnO4
-(aq)+8H+ 5Fe3+ +Mn+2(aq) + 4H2O

][5 4
2 MnOofmolesFeofMoles

250mL 250mL 250mL 

Vinitial

Vfinal

End point:
Pale Permanent

Pink color

KMnO4

Vfinal- Vinital= Vused (in mL)

mL
LmLinVLinV used

UsedKMnO 1000
1

1
)()(

4

Important requirement:
The concentration of 

KMnO4 should be 
known precisely.



)(
444 LinVMnOofMolarityMnOofMoles UsedKMnO

][5 4
2 MnOofmolesFeofMoles

2
2

2
2

1
85.55 Feofmoles

Feofmole
FeofgFeofGrams

%100%
2

gramsinsampleofmass
FeofgramssampleinFe

Problem with KMnO4

Unfortunately, the permanganate solution, 
once prepared, begins to decompose by the 

following reaction:

4 MnO4
-(aq) + 2 H2O(l) 4 MnO2(s) + 3 O2(g) + 4 OH-(aq)

So we need another solution whose concentration
is precisely known to be able to find the precise

concentration of KMnO4 solution.



Titration of Oxalic acid Vs KMnO4

Primary
standard

Secondary 
standard

16 H+(aq) + 2 MnO4
-(aq) + 5 C2O4

-2(aq) 2 Mn+2(aq)  + 
10 CO2(g)

+ 8 H2O(l)

5 C2O4
2- ions  are oxidized by 2 MnO4

- ions to 10 CO2
molecules. Conversely 2 MnO4

- is reduced by 5 C2O4
2-

ions to 2Mn2+ ions.

Titration of Oxalic acid Vs KMnO4

16 H+(aq) + 2 MnO4
-(aq) +  5 C2O4

-2(aq) 2 Mn+2(aq)   
+10CO2(g) +  8 H2O(l)

If we talk in terms of moles:

5 moles of C2O4
2- ions  are oxidized by 2 moles MnO4

-

ions to 10 moles of CO2 molecules. Conversely 2 moles
of MnO4

- is reduced by 5 moles of C2O4
2- ions to 

2 moles of Mn2+ ions.



Conclusion from the balanced
chemical equation

For 5 moles of C2O4
2- ions  to be completely oxidized 

by MnO4
- we will need 2 moles of MnO4

- ions.
Conversely for 2 moles of MnO4

- to be completely 
reduced by C2O4

2-, we will need 5 moles of C2O4
2- ions

4

2

42 25 MnOofmolesOCofMoles

4

2

42 5
21 MnOofmolesOCofMoles

250mL 250mL 250mL 

Vinitial

Vfinal

End point:
Pale Permanent

Pink color

KMnO4

Vfinal- Vinital= Vused (in mL)

mL
LmLinVLinV used

UsedKMnO 1000
1

1
)()(

4

Important requirement:
The concentration of 

KMnO4 should be 
known precisely.

0.15 g OXALIC ACID
+ 100 mL of 0.9 M

H2SO4.Heated to 80 C



)(.

)(2

42

mol
gacidOxalicofWtMol

ginacidoxalicofWeightOCofMoles

422

2

42
2

42

4
4 1

1
5
2

OCNamol
OCmolOxofMoles

OCmol
MnOmolMnOmol

)(
][

4

4
4 LinV

MnOmolMnO
UsedKMnO

អƙǂកមƗ៖ Fe2+ +   Ce4+ Fe3+ +     Ce3+

Keq>> ćŹបតិកមūសពƃ

ដំបន់Ǆងំបីសƙǋប់អƙǂកមƗ៖



េƙបីសមីƳរNernstសƙǋប់គណǆប៉ូតង់ែសƘលǉក់កǁƎ លពិល៖

បូ៉តង់ែសƘលេǷចំនុចសមមូល Eពិល

បូ៉តង់ែសƘលមុនចំណុចសមមូល៖ 

បូ៉តង់ែសƘលេƙƳយចំណុចសមមូល



បូ៉តង់ែសƘលមុនចំណុចសមមូល

បូ៉តង់ែសƘលេǷចំណុចសមមូល

បូ៉តង់ែសƘលេǷេƙƳយចំណុចសមមូល E=



កិចƃƳរ



1) CMnO4-= 0.0882M

86) 0.06M

88) 5.4%

ចេមžǿយ



https://www.youtube.com/watch?v=WgTJpS8IcQg
https://www.youtube.com/watch?v=EQJf8Gb8pg4

Video redox titration



https://www.youtube.com/watch?v=OrxS1BWl800
Complex Titrations

លំនឹងបេងžីតកំុផƚិច



Types of Coordination Complexes

Cationic complexes: In this co-ordination sphere is a cation. Example: [Co(NH3)6]Cl3
Anionic complexes: In this co-ordination sphere is Anion. Example: K4[Fe(CH)6]
Neutral Complexes: In this co-ordination sphere is neither cation or anion. Example: 
[Ni(CO)4]
Homoleptic complex: The complex consist of a similar type of ligands. Example: 
K4[Fe(CN)6]
Heteroleptic complexes: These consists of different types of ligands. Example: 
[Co(NH3)5Cl]SO4
Mononuclear complexes: In this co-ordination sphere has single transition metal ion. 
Example: K4[Fe(CN)6]
Polynuclear complexes: More than one transition metal ion is present. Example:

េǎហៈឆƚងǋនទំេǆរបេងžតីកុផំƚចិ



ពិេǒធន៏Ƴរបេងžតីកំុផិƚច



កំុផƚិចកូអរឌីǁសƘុង(ccoordination complex ): ƺǒរǅតុែដលǕតូមេǎហៈឬអីុ

យ៉ុងទទលួេអឡចិេអឡចិƙតȩងពីេƙƳមៃនមូ៉េលគុលណឺតឬǕញុ៉ង(េȄលីកង់)។ កំុផƚិច

ǕចƺǕញុ៉ង Ƴចុង ឬមូ៉េលគុលណឺត។ ចំែណកសǋសǅតុកូអរឌីǁសƘុងƺǒរ

ǅតុណឺត(ƵƗ នបនƐុក) ែដលǌ៉ងេǓចǁស់អុីយ៉ុងមយួគǋឺនវតƎǋនƺកំុផƚចិ។

េǷេពលេȄេƻƗ ះសǋសǅតុកូអរឌǁីសƘុងគឺេȄƳចុងមុនǕញុ៉ង។
េƻƗ ះអីុយ៉ុងកំផƚិចៈ េȄេƻƗ ះលីកង់មុន(ǂមលំƽបអ់កſǍវរិុទƑǔǂងំ) និងបǆƐ ប់មក
េƻƗ ះǕតូមេǎហៈឬអីុយ៉ុង។ ចំǁǃំៈǕតូមេǎហៈឬអីុយ៉ុងគឺសរេសរមុនលកីង់កƒុង
រូបមនƎគីមី។















[Co(en)3]2 (SO4)3

សរេសររូបមនƎៃនសǋសǅតុƴងេƙƳម៖

Tris( ethylenediamine) Cobalt (III) sulfate

Examples of Naming Coordination Compounds

Some examples of the nomenclature of coordination compounds can be 

found below.

•K4[Fe(CN)6]:

•[Ni(CN)4]−2: 

•[Zn(OH)4]−2: 

•[Ni(CO)4]: 



Examples of Naming Coordination Compounds

Some examples of the nomenclature of coordination compounds can be 

found below.

•K4[Fe(CN)6]: Potassium hexa cyanide ferrate (II)

•[Ni(CN)4]−2: Tetra cyano Nickelate (II) ion.

•[Zn(OH)4]−2: Tetra hydroxo zincate (II) ion.

•[Ni(CO)4]: Tetra carbonyl Nickel (O).

Assignment

ចូរេƢេČū ះសŭសŋតុកុំផžិចåងេŹàម
[V(OH)6](NO3)3:

(NH4)2[CoCl4] :

[Co(py)4]Br2   ( Py=Pyridine) :

K4[Mn(CN)6] :

Ni(NH3)4Cl2 :



Name the following.
Formula Name Formula Name
K4[Ni(CN)4] បូ៉ǂសƘូមេតƙǂសǚណូនីែក

ǔត(II)
[Pt(NH3)2]Cl2 ឌីǕមីនǇƚ ទនី(II)កƚរួ

(NH4)3[Fe(SCN)6] Ǖមូ៉ញូ៉មហចិǒតƘូសǚǁ
តូែភǍ៉ត(III)

[Cr(OH2)6](NO3)3 ហចិǒǕកូƙកȪម(III)
នីƙǂត

Na2[Ni(CN)4] សូដƘូមេតƙǂសǚណូនីែកǔ
ត(II)

[Fe(NH3)6]SO4 ហចិǒǕមីនែដក(II)សុ៊ល
ǈត

[Fe(ox)3]3-

(ox= oxalate)
អុីយ៉ុងTris អុកǒǔតូែភǍ៉ត
(III)

(NH4)2[CoCl4] ឌីǕមូ៉ញូ៉មេតƙǂកƚរ ៉ូកូǇǔ
ត(II)

[Co(NH3)5Cl]Br2 ប៉ង់ǂǕមីនកƚរ ៉ូកូǇល់(III)
ƙបȪមួ

[Cr(NH3)4]Cl2 េតƙǂǕមីនƙកȪម(II)កƚរួ

[Cr(OH2)4Cl2]Cl េតƙǂǕកូឌីកƚរ ៉ូƙកȪម(III)កƚរួ [Ni(OH2)6]Cl2 ហចិǒǕកូនីែកល(II) កƚរួ

Write formulas for the following.

1.potassium hexacyanoferrate(III): K3[Fe(CN)6]

2.sodium hexafluoroaluminate(III): Na3[AlF6]

3.pentaaquabromomanganese(III) sulfate: [Mn(OH2)5Br]SO4

4.hexaamminechromium(III) nitrate: [Cr(NH3)6] (NO3)3

5.sodium tetrahydroxochromate(III): Na[Cr(OH)4]

6.hexaammineruthenium(III) tetrachloronickelate(II):[Ru(NH3)6][NiCl4]

7.tetraamminecopper(II) pentacyanohydroxoferrate(III): 

[Cu(NH3)4][Fe(CN)4(OH)]

8.potassium diaquatetrabromovanadate(III): K[V(H2O)2Br4]































Significant Digits



What are significant digits?

The significant digits in a 
measurement consist of all the 

digits known with certainty 
plus one final digit, which is 
uncertain or is estimated.

For example:  Study the diagram below.

Using the ruler at the top of the diagram, what is the length of 
the darker rectangle found in between the two rulers?

Answer:  The length is between 4 and 5 cm.  The “4” is certain, but the 
distance past 4 cm will have to be estimated.  A possible estimate might be 

4.3.  Both of these digits are significant.  The first digit is certain and th 
second digit is uncertain because it is an estimate.



Using the ruler at the bottom of the diagram, what is the length of the darker 
rectangle found in between the two rulers? 

Answer:  The edge of the rectangle is between 4.2 cm and 4.3 cm.  
We are certain about the 4.2, but the next digit will have to be 

estimated.  As possible estimation might be 4.27.  All three digits 
would be significant.  The first two digits are certain and the last 

digit is uncertain.

The last digit in a 
measurement is always the 

uncertain digit.

It is significant even if it is 
not certain.

The more significant digits a 
value has, the more accurate 

the measurement will be.

The last digit in a
Please remember…



RULE:  If a number contains no zeros, 
all of the digits are significant. 

How many significant 
digits are in each of the 
following examples?
a) 438
b) 26.42
c) 1.7
d) .653

Answers:
a) 3
b) 4
c) 2
d) 3



RULE:  All zeros between two non zero 
digits are significant. 

How many significant 
digits are in each of the 
following examples?

a) 506
b) 10,052
c) 900.431

Answers:

a) 3
b) 5
c) 6

RULE:  Zeros to the right of a non zero digit
a) If they are to the right of a nonzero number but not

sandwiched between nonzero and decimal point, they are not 
significant.

How many significant 
digits are in each of the 
following examples?

a) 4830=4.83x103

b) 60=6x101

c) 4,000=4x103

Answers:

a) 3
b) 1
c) 1



RULE:  Zeros to the right of a non zero digit
b) If these zeros are sandwiched between a nonzero number and a

decimal point, they are significant.

How many significant 
digits are in each of the 
following examples?

a) 4830.
b)  60.
c) 4,000.

Answers:

a) 4
b) 2
c) 4

RULE:  In decimals less than one, zeros to the right of a decimal point 
that are to the left of the first non-zero digit are never significant.  

They are simply place holders. 

How many significant 
digits are in each of the 
following examples?

a) 0.06=6x10-2

b) 0.0047=4.7x10-3

c) 0.005=5x10-3

Answers:

a) 1
b) 2
c) 1



RULE:  All zeros to the right of a decimal point and to the right of a 
non-zero digit are significant. 

How many significant 
digits are in each of the 
following examples?

a) .870
b) 8.0
c) 16.40
d) 35.000
e) 1.60

Answers:

a) 3
b) 2
c) 4
d) 5
e) 3

Practice Problems
How many significant digits are in 
each of the following examples?

1) 47.1
2) 9700.
3) 0.005965000=5.965000x10-6

4) 560
5) 0.0509
6) 701.905
7) 50.00
8) 50.012
9) 0.000009=9x10-6

10) 0.0000104=1.04x10-5

Answers:
1) 3
2) 4
3) 7
4) 2
5) 3
6) 6
7) 4
8) 5
9) 1
10)3



Determining Significant Digits When 
Rounding

1) 689.683 grams   (4 significant digits)

2) 0.007219  (2 significant digits)

3) 4009  (1 significant digit)

4) 39.21 x 10-1 (1 significant digit)

5) 8792   (2 significant digits)

6) 309.00275  (5 significant digits)

7) .1046888   (3 significant digits)

1) 689.7

2) 0.0072

3) 4000

4) 4

5) 8800=8.8x103

6) 309.00

7) .105

Rule for Addition and Subtraction
When adding or subtracting, round the sum or difference 
so that it has the same number of decimal places as the 

measurement having the fewest decimal places.

Example:  Add 369.3389  +  17.24

First simply add the two numbers.  Answer = 386.5789=386.58

17.24 had the fewest number of decimal places with 2 places past the 
decimal.  The above answer will have to be rounded to two places past the 

decimal.

Rounded Answer = 386.58



Find the sum or difference of the following and 
round them to the correct number of digits.

a) 39.61 – 17.3=22.31

b) 1.97 +  2.700=4.67

c) 100.8 – 45=55.8=56

d) 296.0 +   3.9876=299.9876

Answers

a) 22.3

b) 4.67

c) 56

d) 300.0

Rule for Multiplication and Division
Express a product or a quotient to the same number of 

significant figures as the multiplied or divided 
measurement having the fewer significant figures.

Example:  Multiply 6.99 x .25=1.7476=1.7

First simply multiply the two numbers.  Answer = 1.7475 

.25 had the fewest number of significant digits with 2.  The above answer 
will have to be rounded to two significant digits.

Rounded Answer = 1.7



Multiply or divide the following and give your 
answer in the correct number of  significant digits.  

a) 4.7929  4.9 =0.978=0.98

b) 5 x  3.999=19.995=20=2x101

c) 84  .09=933.33333=900

d) .815 x 215.7=175.7955=176

Answers

a) 0.98

b) 20=2x101

c) 900=9x102

d) 176

Daily question
What is the difference between 

accuracy and precision?



Chapter 3Scientific Measurement

3.1 Using and Expressing 
Measurements

Significant Figures

• Learning targets

– I can state the number of significant figures in a number and
why they are significant.

– I can calculate problems and have the correct number of
significant figures in the answer.



• You can easily read the
temperature on this thermometer
to the nearest degree.

• You can also estimate the
temperature to about the nearest
tenth of a degree by noting the
closeness of the liquid inside to the
calibrations.

• Suppose you estimate that the
temperature lies between 22°C and
23°C, at 22.9°C.

Significant 
Figures

Significant 
Figures• This estimated number, 22.9 C, has

three digits.

• The first two digits (20 and 2) are
known with certainty, while the 

rightmost digit (9) has been 
estimated and involves some 

uncertainty.

• These reported digits all convey
useful information and are called

significant figures.



–

The significant figures in a measurement 
include all of the digits that are known, plus a 
last digit that is estimated.

Measurements must always be reported to 
the correct number of significant figures 
because calculated answers cannot be more 
precise than measured data.

Significant 
Figures

• The width of the door can be
expressed as:
– 0.8 m for meter stick “a”

because 0 is known and .8 is 
estimated

– 0.77 m for meter stick “b”
because 0.7 is known and
0.07 is estimated

– 0.772 m for meter stick “c”
because 0.77 is known and
.2 is estimated

Significant 
Figures

a.

b.

c.



1.

Every nonzero digit is significant.
Each of these measurements has three 
significant figures:

24.7 meters 
0.743 meter 
714 meters

Significant 
Figures

Determining Significant Figures in Measurements

To determine whether a digit in a measured value 
is significant, you need to apply the following rules.

2. Zeros appearing between nonzero digits are
significant.  These are called “sandwich zeros”.

Each of these measurements has four  significant figures:  
Why?

7003 meters
40.79 meters
1.503 meters

Significant 
Figures

Determining Significant Figures in Measurements



Rule 3: Trailing zeros follow a non zero digit and are significant 
only if there is a decimal point.  
examples of this rule with the zeros this rule affects in boldface: 
0.00500

0.03040

2.30 x 10-5

4.500 x 1012

100.000

Significant 
Figures

Each of these measurements has four 
significant figures:  WHY? (find the captured 
& trailing zeros)

43.00 meters
1.010 meters
9.000 meters

Significant 
Figures

Determining Significant Figures in Measurements



• Which digits are significant figures?
1. All non zero digits (1 to 9)
2. sandwich zeros – which are between non-

zero digits
– Example 1,001
3. Trailing zeros – with a decimal point
– Example 1,001.000

• Which ZERO digits are NOT significant
figures?

• Leading zeros before real numbers
• Example  0.000231
• Trailing zeros after real numbers  if no decimal is

written- Example 1,000,000



Each of these measurements has only two significant figures:

0.0071 meter      = 7.1 x 10-3 meter 
0.42 meter          = 4.2 x 10-1 meter 
0.000 099 meter = 9.9 x 10-5 meter

Significant 
Figures 

Determining Significant Figures in Measurements

These are 
leading zeros

All digits are 
significant using 

scientific notation 

The zeros in these measurements are not 
significant:  WHY? 

300 meters (one significant figure)

7000 meters (one significant figure)

27,210 meters (four significant figures)

No captured zeros nor trailing zeros, no decimal points! 

Significant 
Figures

Determining Significant Figures in Measurements

?
?
?



Unlimited number of significant figures
There are two situations in which numbers have an unlimited number of significant 
figures. Counting and Equivalents

– The first involves counting.
23 people in your classroom

This measurement is a counted value, so it has an unlimited number of significant 
figures.

• The second situation involves equivalents like those found within a system of
measurement.

Each of these numbers has an unlimited number of significant figures.

60 min  = 1 hr
100 cm = 1 m

Counting and equivalents do not limit the significant figures in your 
calculations!

Significant Figures
Determining Significant Figures in Measurements

Significant figuresRules for significant figures
Rule 1: Non-zero digits are always significant.
Rule 2: “sandwich zeros” – any zeros between two significant 
digits are significant.
Rule 3: Trailing zeros are significant if there is a  decimal point
Rule 4 – Unlimited significant figures

– Counted values
– equivalents



Suppose that the winner of a 100-meter dash 
finishes the race in 9.98 seconds. The runner 
in second place has a time of 10.05 seconds. 
How many significant figures are in each 
measurement? Give the rules 1-4.

CHEMISTRY & 
YOU

There are three significant figures in 9.98
Rule 1- every nonzero digit is significant 

There are four significant figures in 10.05
Rule 1- every nonzero digit is significant 

Rule 2 – sandwich zeros between nonzero digits 
are significant 

Sample Problem 3.3

Counting Significant Figures in Measurements

How many significant figures are in each measurement? 
Give the rule(s) for counting significant figures 

a. 123 m

b. 40,506 mm

c. 9.8000 x 104 m

3 sig-figs -– all nonzero numbers

5 sig-figs -– all nonzero numbers
– sandwich zeros

5 sig-figs -– trailing zeros with a decimal are 
significant



Counting Significant Figures in Measurements

How many significant figures are in each measurement? 
Give the rule(s) for counting significant figures 

a. 22 metersticks 

b. 0.070 80 m

c. 98,000 m

Unlimited- counting

4 sig-figs - all nonzero numbers are significant
-sandwich zeros are significant

– trailing zeros with a decimal are significant

2 sigfigs -– all nonzero numbers
No decimal so zeros are placeholders

No captured & no trailing zeros

Rounding

– To round a number, first decide how many
significant figures the answer should have.

– Then round to that many digits, counting from
the left.

– “4 & below, let it go”
– “5 & above, give it a shove”

Significant 
Figures

Significant Figures in Calculations



Page 69 # 6  Rounding Measurements

Round off each measurement to the 
number of significant figures shown in 

parentheses. 

a. 314.721 meters (four)

b. 0.001775 meter (two)

c. 8792 meters (two)

Sample Problem 3.4

314.7

0.0018

8800

Sample Problem 3.4

Page 69 # 6  Rounding Measurements

The arrow points to the digit immediately following the 
last significant digit. Write your answer using scientific 

notation.

a. 314.721 meters – round to 4 significant figures
↑

2 is less than 5, so you do not round up.

314.7 meters = 3.147 x 102 meters

2



Sample Problem 3.4

The arrow points to the digit immediately following 
the second significant digit. Write your answer 

using scientific notation.
b. 0.001775 meters - round to 2 significant figures

↑
7 is greater than 5, so round up.

0.0018 meter = 1.8 x 10-3 meter

Sample Problem 3.4

Solve  Apply the concepts to this problem.

The arrow points to the digit immediately following 
the second significant digit. Write your answer 

using scientific notation.

c. 8792 meters - round to 2 significant figures
↑

9 is greater than 5, so round up.

8800 meters = 8.8 x 103 meters

2



–
A calculated answer cannot be more precise than the least 
precise measurement from which it was calculated.

– The calculated value must be rounded to make it consistent
with the measurements from which it was calculated based
on the number of significant figures.

– A die measures 1.8 cm on each side.
– Its volume is 1.8 cm x 1.8 cm x 1.8 cm = 5.832cm3.
– This is incorrect because the measurements have tenths and

the answer is expressed using thousandths.

Significant Significant Figures in Calculations
Figures

Addition and Subtraction

The answer to an addition or subtraction 
calculation should be rounded to the same 
number of decimal places (not digits) as the 
measurement with the least number of decimal 
places.

Significant 
Figures

Significant Figures in Calculations



Page 70 Sample Problem 3.5

Significant Figures in Addition and 
Subtraction

Give the answer to the correct number of 
significant figures.

12.52 meters + 349.0 meters + 8.24 meters

Sample Problem 3.5

Solve  Apply the concepts to this problem.

12.52 meters
349.0 meters

+   8.24 meters
369.76 meters

2

349.0 meters has the 
fewest decimal places, 
just one. The answer 
must be rounded to 
one decimal place

369.8 meters



Significant Figures in Calculations 

Multiplication and Division
–

In calculations involving multiplication and 
division, round the answer to the same 
number of significant figures as the 
measurement with the least number of 
significant figures.

SignificantFigures

Sample Problem 3.6

Significant Figures in Multiplication 
and Division

Give the answers to the correct number 
of significant figures.

a. 7.55 meters x 0.34 meter

b. 2.10 meters x 0.70 meter

c. 2.4526 meters2 8.4 meters



Sample Problem 3.6

Solve  Apply the concepts to this problem.
a. 7.55 meters x 0.34 meter

The second measurement (0.34 meter) has the 
least number of significant figures (two). So, the 

answer must be rounded to two significant figures.

a. 7.55 meters x 0.34 meter = 2.567 meters2

= 2.6 meters2

2

The second measurement (0.70 meter) has the 
least number of significant figures (two). So, 
the answer must be rounded to two 
significant figures.

b. 2.10 meters x 0.70 meter = 1.47 meters2

= 1.5 meters2



Sample Problem 3.6

Solve  Apply the concepts to this problem.
c. 2.4526 meters2 8.4 meters

The second measurement (8.4 meters2) has the 
least number of significant figures (two). So, the 

answer must be rounded to two significant figures.

c. 2.4526 meters2 8.4 meters = 0.291 076 meter
= 0.29 meter

2

In what case are zeros significant in a 
measured value?

• trailing zeros with a decimal point
• Sandwich zero’s – between real numbers

• Sig Fig Rule when + or - numbers?
– Round to fewest decimal places

• Sig Fig Rule when x or ÷ numbers?
– Round to fewest significant figures



• End of Significant Figures!
• Time for practice!
• Practice here
• http://science.widener.edu/svb/tutor

ial/sigfigurescsn7.html

– measurement: a quantitative description that includes
both a number and a unit

– scientific notation: an expression of numbers in the form
m x 10n, where m is equal to or greater than 1 and less
than 10, and n is an integer

– accuracy: the closeness of a measurement to the true
value of what is being measured

– precision: describes the closeness, or reproducibility, of a
set of measurements taken under the same conditions

Glossary
Terms
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