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THE FIRST IN CHEMISTRY

THE FIRST Ε΍έΪϘϠϟ

THE FIRST in Chemistry

اŜǀƧźŤƫ اźƈƴƘƫي ƺưƬƫاد  
 żǀƠƫا ŚƸƇاƺųو ŠǀŗŚǀưǀƨƫاŠǀŗŚƿ

ΓΩΎϤϟ΍

ύ΍ήϔϟ΍ Ϧϣ ΍ΰϴΣ Ϟϐθϳϭ ΔϠΘϛ Ϫϟ Ύϣ Ϟϛ ϲϫ

THE FIRST IN CHEMISTRY

ΔϴϘϧ ΓΩΎϣ

ήμϨόϟ΍

ϴ΋ΎϴϤϴϛ ΔϴϘϧ ΓΩΎϣ Ϯϫ Δ
 ΪΣ΍ϭ ωϮϧ ϲϠϋ ϱϮΘΤΗ
 ςδΑ΃ Ϯϫϭ Ε΍έάϟ΍ Ϧϣ

ΓΩΎϤϟ΍ ΕϻΎΣ
Na   ,   Ca    ,   Al    

ΐϛήϤϟ΍
Δϴ΋ΎϴϤϴϛ ΔϴϘϧ ΓΩΎϣ Ϯϫ
 Ϧϣ ΩΪϋ ϲϠϋ ϱϮΘΤΗ
 ΔϔϠΘΨϣ ήλΎϨόϟ Ε΍έάϟ΍

ϴ΋ΎϴϤϴϛ ςΑ΍ϭήΑ ΔτΒΗήϣΔ

HCl   ,   H2O    ,   NaCl    

ςϴϟΎΨϣ

βϧΎΠΘϣ ςϴϠΧ βϧΎΠΘϣ ήϴϏ ςϴϠΧ

ŀƕ͟ ˶ȺƖ
 ľ ͊ǜͪ ĳ ŀ̞Ƀľ

 ľ ŀ̞Ƀ ĳ ̥ͭ ǋʹƠͪľ

1
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THE FIRST IN CHEMISTRY

ΓΩΎϤϟ΍ ι΍ϮΧ

΋Ύϳΰϴϓ ι΍ϮΧΔϴ

 ϥΎϴϠϐϟ΍ ΔΟέΩ
 έΎϬμϧϹ΍ ΔΟέΩ

 ΔΑϼμϟ΍

ϴ΋ΎϴϤϴϛ ι΍ϮΧΔ

ϝ΍ΰϨΧϻ΍ϭ ΓΪδϛϷ΍

ϕ΍ήΘΣϹ΍

THE FIRST IN CHEMISTRY

ΓΩΎϤϟ΍ ΕϻΎΣ

ΔΒϠλ

Ϟ΋Ύγ

ίΎϏ

Ơ̞˹ʟǉͪƕ

̮˦ Ͳɼǌͬ

̯ͪɽ Ͳɬǔͬ

 ɪʹɫͮːǓͬ ͪ̽ ʹͥɄ̞ʋǑͬ

 ͳ̥ ɲʹǢ̯ ǖͬ

3
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THE FIRST IN CHEMISTRY

.1͖ǔͪƂƕ ʹͥ ˜Ȉ ̞ɭʹ Ƃǔ̞ɭʹ˦ɮʹȗ ʹͥ
ͬy ɪͪȶƖ ŀ̞˨ȹƗ ͪ̽ ɪͪʛǉʹ

❑ήμϨϋ
❑ΐϛήϣ

❑βϧΎΠΘϣ ςϴϠΧ
❑βϧΎΠΘϣ ήϴϏ ςϴϠΧ

Ġ.̸ɩʹ˙ɻͪȘ ͪ̽ ɪͪʛǉʹ ͖ͬ ɫʹȪ̞ɭͬȶƖ Ɵƕ͟ ˥ȹƗ ǃʹƕ
❑˯ΎϤϟ΍
❑κϟΎΨϟ΍ ΐϫάϟ΍ Ϧϣ ΐϟΎϗ

❑ϡΎότϟ΍ ΢Ϡϣ
❑˯΍ϮϬϟ΍

THE FIRST IN CHEMISTRY

.1̳Ǒ̞ͪ ͲɻɬͬɁ ̸ɩʹ˙ǜͪ ̯ ͲɵɫͬʭǊʹ ʹͥ ȹƗ͟ ɪͬȶƖ ǃʹƕ
❑˯ΎϤϟ΍ ϲϓ ϝϮΤϜϟ΍
❑˯ΎϤϟ΍ ϲϓ Ζϳΰϟ΍

❑Ώϭήϟ΍
❑ΏήΘϤϟ΍ ˯΍ϮϬϟ΍

Ġ.̳Ǒ̞ͪ ͲɻɬͬɁ ̯ɵʹȆͪ ̸ɩʹ˙ǜͪ ̯ ͲɵɫͬʭǊʹ ʹͥ ȹƗ͟ ɪͬȶƖ ǃʹƕ
❑ήΤΒϟ΍ ˯Ύϣ
❑˯ΎϤϟ΍ ϲϓ Ζϳΰϟ΍

❑ήϜδϟ΍ ϝϮϠΤϣ
❑ΐϫάϟ΍ Ϛ΋ΎΒγ

5
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THE FIRST IN CHEMISTRY

.1 Ƶ͟ɸǌͬ ͪ͒ Ȇ ƾͬƠ̞ ͲɭȆ ʹͥɄ̞ʋɲͬȶƖ...............
❑ίΎϏ ϲϟ΍ ΐϠμϟ΍
❑Ϟ΋Ύγ ϲϟ΍ ΐϠμϟ΍

❑Ϟ΋Ύγ ϲϟ΍ ίΎϐϟ΍
❑ίΎϏ ϲϟ΍ Ϟ΋Ύδϟ΍

Ġ. Ͳɫ˙ʝȴƖ ͬ͘ Ȫ̞ɻȷƗ ʹͥ ȹƗ ͬ͘ ˙ ƂǍ̞ʋȶƖ ͬ͘ Ȫ̞ɻȷƗ ͪ͒ Ɂ ͳ̥ ȗ̯ Ʌ Ƶ͟ɸǌͬ ̮ɫͪȆ ͖ͬ ɫʹ˙˨ʰȵƖ ʹͥ ˩ʌ
Ǒͬ ͖ͬ

❑ϒϴΜϜΗ
❑ήΨΒΗ

❑ϲϣΎδΗ
❑ήϠΒΗ

THE FIRST IN CHEMISTRY

.1 Ȇ ͬ͘ ˙ ƂǍ̞ʋȶƖ ͬ͘ Ȫ̞ɻȷƗ ʹͥͪ ȑ ƾͬƟ̞˨Ț ̮ Ͳǚ͟ Ǌͬ ͖ͬ ɫʹȪ̞ɭͬȶƖ Ɵƕ͟ ˥ȹƗ ͪ͒ Ɂ ǃʹƕ Ƭͪǀ̯ ʩͪȴƖ ̮ɫͪ
 ƾͬƠƕ̯ ɽȷƗ ͖ͬ ͲǚƠƟǀ ̸ʫͪʚͪȴƖ ͪ͒ Ɂ ͖ͬ ɫʹǢ̞ɭʹ ͬɻ ȵƖ

❑ϡϮϳΩϮμϟ΍ ΕΎϧϮΑήϛ
❑ϥϮΑήϜϟ΍ Ϊϴδϛ΍ ϝϭ΃

❑ϖΒ΋ΰϟ΍
❑ϦϴΟϭέΪϴϬϟ΍

Ġ. ͪ͒ Ɂ ̣˟ș ̸˗ǜͪ ̮ɫͪȆ ͖ͬ Ͳɹǌ̞ͬɭͪȶƖ ͖ͬ ɫʹ Ƃǔ̞Ǎ̯ͪʹ ɵʹ ͪɻ ȵƖ ƙ̣ͭ˟ɻȷƗ Ɵ̮ Ȇ ͌Ț̨˚˨ȹƗǀ ͊Ƀ̯ ȺƖ
 ƕ̮ɫʹ Ͳǚ ̞ʧ˗ǜͪ ͓ͪ ɳʹȪǀƠ̞ͪ ͲɻȷƗǀ ŀ̞˨ȹƗǀ ̯ˁʋȶƖǀ

❑5

❑3

❑2

❑4

7
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THE FIRST IN CHEMISTRY

.1 ȗ ͖ͬ ɫʹǴ̞ǜͪ ̯ ͲɵɫͬʭǊͬ ͓ͪ ɳʹ ͲɹʊȗƂ̣ ˟ȼ ͖ͬ ɫʹȪ̞ɭͬȶƖ ƥƕ͟ ɸͪȷƗ ͪ͒ Ɂ ǃʹƕ ͖ͬ ɫʹ Ƃǔ̞ɭʹ˦ɮʹ
❑ Γέ΍ήΣ ΔΟέΩ ϲϓ ίΎϏ Ϫϧ΍25ºC

❑ρΎϐπϧϺϟ ΔϴϠΑΎϗ Ϫϟ
❑ΪϳΪΤϟ΍ ΃Ϊλ ϲϓ ΐΒδΘϳ
❑ Γέ΍ήΣ ΔΟέΩ ΪϨϋ ΪϤΠΘϳ-219ºC

Ġ. ͓ͪ ɳʹɁ̞ɭͬɫʹȎͪ Ƽͪ Ƃƕ Ƭͪǀ̯ ʱ˥ȹƗ ͪ͒ ɁB12 ɮʹǔͪ Ƃ̠ Ȱƕ ͲƜ̣˟Ȉ ʹͥͪ ȑ ƹ̮ ɹͪɬͬʉǑʹǀ ͖ͬ ɹʜ˗ȼ ͌̃ɂƕƟͪƕ ̞ɭʹ˦
 ͘Ȫ ͖ͬ ɫʹ Ƃɲǔ̯ͪʹ ͲɽȷƗ ͖ͬ ʭͪɪʹʛȴƖ ̥ͭ ǋ̢ͪșC63H88CoN14O14PƾƟ͟ ͲǙ͟ ˥ȹƗ ̯Ǻ̞ɭͪʭȵƖ Ɵ̮ Ȇ ̞Ƀ

❑5

❑181

❑6

❑7

THE FIRST IN CHEMISTRY

ΓΩΎϤϟ΍ ι΍ϮΧ

Γέ΍ήΤϟ΍ ΔΟέΩ

K

C

F

9
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THE FIRST IN CHEMISTRY

ΓΩΎϤϟ΍ ι΍ϮΧ

ΔϓΎΜϜϟ΍

 ͪȎ̞ɭͮˇȸƖ ͖ͬĸ ͬ͘ ˙ɭͬˇȸƖ

͌ ͲɼɺȷƗ
˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰

D

M

V M =  g

V =  ml

D =  g / ml

THE FIRST IN CHEMISTRY

ΓΩΎϤϟ΍ ι΍ϮΧ

ΎϤϠϟ ΔϴΒδϨϟ΍ ΔϓΎΜϜϟ΍ΓΩ

 ʉɲͪȶƖ ͖ͬ Ȏ̞ͪɭͮˇȸƖ ͖ͬ ɫʹ ͲɲĸƟ̞˨ȹƗ ͖ͬ Ȏ̞ͪɭͮȗ ƾͬ
 ͖ͬ Ȏ̞ͪɭͮȗŀ̞˨ȹƗ

˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰
.1 ͪ͒ Ɂ ŀ̞˨ȹƗ ͪ͒ Ɂ ͖ͬ ɫͪɫʹʭɀ ͖ͬ ɫʹ˦Ț ƾͬƠƕ̯ Ǟ ͖ͬ ͲǚƠƟ ̥ͭ ʭ ͪɹ ǊͬƠƕ ƕƟͪƕ25º C ʹͥ ȹƗ45ºC

 ƵƟ̞ʯǊʹ Ʃ̞ ̫ͪ ǊͬƠ ƃ̠ Ȱƕ ƕ ̮ͪ Ɋ Ƽ̞ͪȐͪ ........... ͪ͒ ͪɻ ˘ʿȨ̞ ͲǍ
❑20K

❑293K

❑343K

❑70K

11
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.1 ̞̂ɬͬ˙ɭͬȗ Ƽ̮ͪʭ˥ȹƗ ͪ͒ Ɂ ͖ͬ ʭʤȌͬ81.4 g ǃʹǀ̞ʋǑʹ ̞̂˧ ͲɼǛǀ35 cm3 ͬɬȎ̞ͪɭͮȗ Ƽͪ ƃ̞Ȑͪ ̞̂
 ǃʹǀ̞ʋǑͬ

❑0.154 g/cm3

❑0.592 g/cm3

❑2.32 g/cm3

❑6.51 g/cm3

Ġ. ǃʹǀ̞ʋǑͬ ƾͬƠƕ̯ ɽȷƗ ͖ͬ ͲǚƠƟ ƼͪƂƕ ̥ͭ ˦˜Ȉ ƕƟͪƕ300 K ƵƟ̞ʯǊͬ ̞̂ǌͪ ƃ̞Ȑͪ ........... ͖ͬ ͲǚƠƟ
 ͖ͬ ǔ̯ͪʹ ˝ɭʹǢ

❑573

❑273

❑27

❑300

THE FIRST IN CHEMISTRY

.1 ʹͥ ˜Ȉ ǃʹ͟ ɪͬɹǌʹ ͲƜƠ̮ Ɂ Ơ̞ Ͳɭɹͪɂ35.5 cm3 ȼ ƾ̮ͬǔʹ̮ ͲɹȷƗ ̩ʦʇȶƖ ƾͬŀƕ̯ ͬ́ ȵƖ ʹͥɍ ̞Ƀ ŀ̞˨ȹƗ ͪ͒ Ɂ ŀ̞˨˜
 ̯˪ȉͪ ̮ʭ ͲǊ19g  ŀ̞˨ȹƗ ʹͥͪ ȑ ͖ͬ ʛͪ ͪr ȵƖ Ƽ̮ͪʭɀ ͪ͒ Ɂ ľ ͖ͬ ʛͪ ͪr ȵƖ ͖ͬ Ȏ̞ͪɭͮȗ ĸ10.5 g/cm3  "

❑0.553 cm3

❑1.81 cm3

❑35.5 cm3

❑37.3 cm3

D=M/V

 Δπϔϟ΍ ϢΠΣ  =

 ΓΪϳΪΠϟ΍ ΢τδϟ΍ Γ˯΍ήϗ=

13
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ğ. ʹͥ ˜Ȉ ǃʹ͟ ɪͬɹǌʹ ͲƜƠ̮ Ɂ Ơ̞ Ͳɭɹͪɂ50 cm3 ͬɩɫͪɁ ʹͥʞɷȷƗ ͪ͒ Ɂ Ɵ̮ Ȇ ͖ Ͳǔ ̸ ͬr ǡƕ ŀ̞˨ȹƗ ͪ͒ Ɂ ͖ͬ ˦ʨͪ
 ̞̂ɬͪɁ ͊ș ƼͪƠͪǀ ͊˒ʈͮȶƖ5 g ʹͥ ȹƗ ŀ̞˨ȹƗ ̩ʦǠ ̻ ͪɹ ǊͬƠ̞Ȑͪ130 cm3 ʹͥ ɮͬȶƖ ʹͥʞɷȷƗ Ɵ̮ Ȇ ͌Ț
 Ơ̞ Ͳɭɹͪ˧ȹƗ ʹͥͪ ȑ ̥ͭ ʥ ͬr ǡƂƕ ľ ʹͥʞɷȷƗ ͖ͬ Ȏ̞ͪɭͮȗ ĸ2.5 g/cm3

❑60

❑40

❑32

❑25

 =ϲμΤϟ΍ ϢΠΣ

 =ϲμΤϟ΍ ΔϠΘϛ

 =ϲμΤϟ΍ ΩΪϋ

THE FIRST IN CHEMISTRY

.1 ǜ Ƣ͟ɀ ƾ̯ͬ ͪ́ ǡͮ ͟ ͪɹ ǽ ͪ͒ Ȇ ͬ͘ Ȫ͟ ƂɪʉɁ Ƽͪ͟ˏǓͬ ͖ͬ ɫʹȪ̞ɭͬȶƖ ƥƕ͟ ɸͪȷƗ ͪ͒ Ɂ ̞Ǎʹƕ ͖ͬ Ȇ͟ ɪͪʛȿ ͖ͬ ͬɻ ɪʹȎͬƠ ͖ͬ Ọ̑ͬ ˟
 ͪȎ̞ɭͮȗ ƼͪƂ̞ ͲǍ ̞˨˜Ȉ ŀ̞˨ȹƗ ̩ʦǠ ʹͥ ˜Ȉ ͖ͬ ǔʹ̞ɭͪʭ ͲǊ ̥ͭ ʭǳͪǀ ̮ǔʹ̮ ɹȷƗ ͪ͒ Ɂ ͪ͒ Ɂ ̯ ͲɵȗƂƕ ̮ǔʹ̮ ɹȷƗ ͖ͬ

ŀ̞˨ȹƗ ͖ͬ Ȏ̞ͪɭͮȗ❑ ΔϴϋϮϨϟ΍ Γέ΍ήΤϟ΍
❑ϲΤτδϟ΍ ήΗϮΘϟ΍

❑ϥΎΑϭάϟ΍ ΔΟέΩ
❑ΔΟϭΰϠϟ΍

15
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ğ. Ƶ͟ʼɭʹ˙ Ͳǜ ͓ͪ ɳʹ˙ɭͮǔʹ ƃ̠ Ȱƕ ͖ͬ Ȏ̞ͪɭͮȗ1.124 g/cm3 Ȫ ͖ͬ ɫʹ ͲɲʉɲͪȶƖ ͖ͬ Ȏ̞ͪɭͮˇȸƖ Ƽ̞ͪȐͪ ʹͥɍ ͘
❑1.124

❑1.124 g

❑1.24g/cm3

❑1.24g/cm2

 ʉɲͪȶƖ ͖ͬ Ȏ̞ͪɭͮˇȸƖ ͖ͬ ɫʹ ͲɲĸƟ̞˨ȹƗ ͖ͬ Ȏ̞ͪɭͮȗ ƾͬ
 ͖ͬ Ȏ̞ͪɭͮȗŀ̞˨ȹƗ

˰˰˰˰˰˰˰˰˰˰˰˰˰˰˰

17


