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CLASS IX      SCIENTIFIC LITERACY	CHAPTER – STRUCTURE OF THE ATOM

	(ITEM – 1)	THE SHIELDING GASES
Shielding gases are inert or semi-inert gases that are commonly used in several welding processes. Their purpose is to protect the weld area from oxygen, and water vapour. Improper choice of a welding gas can lead to a porous and weak weld, or to excessive spatter; the latter while not affecting the weld itself, causes loss of productivity due to the labor needed to remove the scattered drops. Inertness of an element can be determined by Bohr Bury scheme. It is a scheme which governs the distribution of electrons in different orbits or shells. The arrangement of electrons in various energy levels of an atom is known as the electronic configuration. According to this scheme:
i. The electrons first occupy the shell with the lowest energy i.e, closest to the nucleus.
ii. The first or the innermost energy shell (K) can take only two electrons.
iii. The second shell (L) can contain upto 8 electrons.
iv. From third shell onwards, the shells become bigger. The third shell can accommodate as many as 18 electrons.
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	(i)  Applies learning of scientific concepts in day-to-day life 
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Question 1.
Fact 1- Argon is used as a shielding gas during welding process.
Fact 2- Improper choice of a welding gas can lead to a porous and a weak weld.
Develop an argument in favour of above two arguments.
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

	FRAMEWORK
	CHARACTERISTIC

	Competency
	Explaining phenomena scientifically

	Knowledge system
	Content

	Context
	Global

	Cognitive demand
	Medium

	Item format
	Open constructed response

	Proficiency level
	III



Question 2. 
For the given formula 2n2, which one of the following value of n is valid to find out the number of electrons in a given shell? Also justify.
a.) 1.2
b.) 1.0
c.) 0.1
d.) 2.1

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
	FRAMEWORK
	CHARACTERISTIC

	Competency
	Interpreting data and evidence scientifically

	Knowledge system
	Procedural

	Context
	Global

	Cognitive demand
	Low

	Item format
	Complex choice question

	Proficiency level
	II2



Question 3.
Considering Bohr Bury scheme of electron distribution, which of the following is a pair of active elements?
Cl, He, Ne, Mg
a.) Cl, Ne
b.) He, Mg
c.) Cl, Mg
d.) He, Ne
	FRAMEWORK
	CHARACTERISTIC

	competency
	Interpreting data and evidence scientifically

	Knowledge system
	Content

	Context
	Global

	Cognitive demand
	Medium

	Item format
	Simple choice question

	Proficiency level
	III3




Question 4. 
Considering the following diagram calculate the atomic mass of the element ‘X’.

[image: Image result for atomic structure of nitrogen]

	FRAMEWORK
	CHARACTERISTIC

	Competency
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	Global
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	Low

	Item format
	Short response item

	Proficiency level
	II3















                                     (ITEM -2 )The Bohr model and reality
At first glance, the Bohr model looks like a two dimensional model of the atoms because it restricts the motion of the electrons to a circular orbit in a two dimensional plane. In reality the Bohr model is a one dimensional model. Only one coordinate is needed to describe the orbits in the Bohr model. But, electrons aren’t particles that can be restricted to one dimensional circular orbit. They act to some extent as waves and therefore exist in three dimensional space. Actually Bohr model proposed by Neils Bohr in 1915 is a modification of the earlier Rutherford Model. The main points of the Bohr model are-
i. Electrons orbit the nucleus in orbits that have a set size and energy.
ii. The energy or the orbit is related to its size. The lowest energy is found in the smallest orbit.
iii. Radiation is absorbed or emitted when an electron moves from one orbit to another.
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Question 1. 
Statement-“ In reality the Bohr model is a one dimensional model.”
Reason- It is because a circle can be defined by specifying only one dimension.
What is that ‘one dimension’ ?
--------------------------------------------------------------------------------------------------------------------------
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Question 2.
According to Bohr’s model of atom, what prevents an atom from being collapsed?
a.) The nuclear force
b.) Movement of electrons in discrete energy levels.
c.) The electron-electron repulsion
d.) All of the above

	FRAMEWORK
	CHARACTERISTIC

	Competency
	Explaining phenomena scientifically

	Knowledge system
	Knowledge of science

	Context
	Global

	Cognitive demand
	Easy

	Item format
	Simple multiple response

	Proficiency level
	I1



Question 3.
“In order to overcome the objection raised against Rutherford’s model of the atom, Neil Bohr put forward his model of atom.”What was that ‘objection’?
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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	CHARACTERISTIC

	Competency
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	Knowledge system
	Content

	Context
	Global

	Cognitive demand
	Medium
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	Closed constructed response

	Proficiency level
	II2



 Question 4.
According to current theory, electrons are arranged in energy levels around the nucleus. When electrons gain or lose energy, they jump between levels as they are rotating around the nucleus. 
Select the correct option
a.) As electrons gain energy, they move to ................(lower/higher) level.
b.) As electrons lose energy, they move to ................(lower/higher) level.
	FRAMEWORK
	CHARACTERISTIC

	Competency
	Interpreting data and evidence scientifically

	Knowledge system
	Content

	Context
	Global

	Cognitive demand
	Medium

	Item format
	Simple binary choice

	Proficiency level
	III









(ITEM – 3)SAME PLACE
Two atoms may have the same number of protons and, thus be of the same element, yet differ in their number of neutrons. Such atoms are called as isotopes, atoms of the same element having different masses. In other words isotopes are variants of a particular chemical element which differ in neutron number. The name comes from the Greek phrase isostopos,meaning  “same place” because they have the same atomic number, isotopes of the same element occupy the same position on the periodic table. Isotopes are formally described as ZAE, where E is the element abbreviation, A is the atomic mass( sum of protons Z and neutrons N) and Z stands for the atomic number equivalent to that of protons.
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Question 1.
For the stable Silver isotope designated as for instance, Ag is the element symbol; 47 is its atomic number and 93 is the mass number. From this piece of information discern out the number of neutrons of this particular stable isotope.
--------------------------------------------------------------------------------------------------------------------------
	FRAMEWORK
	CHARACTERISTIC

	competency
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Question2.
Isotopes can also be indicated by simple nomenclature, for instance, Carbon -12 or Carbon- 13. What does the number 12, 13 represent here?
a.) atomic number
b.) atomic mass
c.) number of neutrons
d.) sum of protons and electrons
	FRAMEWORK
	CHARACTERISTIC

	competency
	Explaining phenomena scientifically

	Knowledge system
	Knowledge of science

	context
	Global

	Cognitive demand
	Easy

	Item format
	Simple multiple choice

	Proficiency level
	I1






Question 3.
Which of the following does not match the characteristics of an isotopes?
a.) isotopes of some elements are radioactive
b.) isotopes are the atoms of different elements.
c.) isotopes differ in number of neutrons
d.) isotopes have similar chemical properties.
	FRAMEWORK
	CHARACTERISTIC

	Competency
	Explaining phenomena scientifically

	Knowledge system
	Content Knowledge of science

	Context
	Global

	Cognitive demand
	Easy

	Item format
	Simple multiple choice

	Proficiency level
	II




Question 4.
Isotopes have similar chemical properties but different physical properties. ( Agree/ disagree)
Justify.
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

	FRAMEWORK
	CHARACTERISTIC

	competency
	Explaining phenomena scientifically

	Knowledge system
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	Global

	Cognitive demand
	Medium

	Item format
	Open constructed response

	Proficiency level
	IV
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(ITEM – 4)PREDICTION AND DISCOVERY
Neutrons were predicted by Ernest Rutherford and were discovered later. In 1919 Rutherford had discovered the proton, a positively charged particle within the atom’s nucleus. But he and other researchers were finding that the proton did not seem to be the only particle in the nucleus. As they studied atomic disintegration, they kept seeing that the atomic number
(number of protons in the nucleus) was less than the atomic mass(average mass of the atom).The neutron is a subatomic particle, symbol n or no, with no net electric charge and a mass slightly greater than that of a proton. Neutrons with protons and electrons, make up an atom. Neutrons bind with protons with the residual strong force. They have a mass of 1.675 X 10-24g, which is a little heavier than the proton. They are1839 times heavier than electrons.Neutrons are electrically neutral elementary particles found in all atomic nuclei except light Hydrogen; the mass is equal to that of the proton and electron combined and they are unstable when isolated from the nucleus, undergoing beta decay. Neutrons balance the movement of the protons inside the nuclei so the protons will not bump into each other and create an explosion.

Question 1.
Why does hydrogen not have a neutron?
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
	FRAMEWORK
	CHARACTERISTIC

	Competency
	Explaining phenomena scientifically

	Knowledge system
	Knowledge of science-Physical systemcontent

	Context
	Global

	Cognitive demand
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	Item format
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	Proficiency level
	IV3


Question 2.
If an element has 6 protons, 7 neutrons and 6 electrons, what type of charge does the atom has?
a.) positive
b.) negative
c.) neutral
Justify you response.
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Question 3.
Which one of the following isotope of hydrogen contains only one proton and no neutron in its nucleus?
a.) Protium
b.) Deuterium
c.) Tritium
	FRAMEWORK
	CHARACTERISTIC
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Question 4.
The discovery of neutron quickly changed scientists’ view of the atom. Who got Nobel Prize in 1935 for the discovery of neutron in 1932?
a.) J.J Thomson
b.) James Chadwick
c.) Goldstein
d.) Ernest Rutherford
	FRAMEWORK
	CHARACTERISTIC
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	Content
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	Global
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Annexure 4

Template for preparation Items for Scientific Literacy (ITEM-5)
	Domain: Scientific 
Literacy 

	Theme: Atomic structure-
Equal weights
	Class(es):IX
Expected time:10 min
Total Credit: 08

	Description of Item:
	YES
	Text

	No
	Image

	No
	Table

	No
	Graph

	No
	Map



	Learning Outcome: (As per NCERT)
	(i) Interprets and study data
(ii) Conducts simple investigations to seek answers to queries









(ITEM – 5)EQUAL WEIGHT ELEMENTS
Isobars are atoms or nuclides of separate chemical elements having the same number of nucleons( protons and neutrons). The name was given by Alfred Walter Stewart in 1918 originally “isobars”. It is derived from the Greek word isos, meaning “ equal” and baros, meaning “weight”. They have similar physical properties. For example, the isobars of iron and nickel have atomic number 26 and 28 respectively. However the mass number is 58. Both of them are transition elements and produce magnetic field. Both of them are fairly good reducing agents.



Question 1. 
“Isobars have similar physical properties but different chemical properties.”   (Agree/Disagree)
Justify.
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
	FRAMEWORK
	CHARACTERISTIC

	competency
	Explaining phenomena scientifically

	Knowledge system
	Knowledge of science- physical system

	context
	Global

	Cognitive demand
	Medium

	Item format
	Open constructed response

	Proficiency level
	4


Question 2.
Which radioactive element is used in the treatment of cancer?
a.) Iodine-131
b.) Uranium -234
c.) Plutonium- 239
d.) Cobalt- 60
	FRAMEWORK
	CHARACTERISTIC

	Competency
	Explaining phenomena scientifically

	Knowledge system
	Knowledge of science-physical system

	Context
	Global

	Cognitive demand
	Easy

	Item format
	Simple multiple choice

	Proficiency level
	I1




Question 3. 
Circle the two isobars present in the following options:
80U4040 X2482Y4040Z22
	FRAMEWORK
	CHARACTERISTIC

	competency
	Interpret data and evidence scientifically

	Knowledge system
	Knowledge of science-physical system


	context
	Global

	Cognitive demand
	Easy

	Item format
	Simple multiple choice

	Proficiency level
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Question 4.
Nickel and iron produce magnetic field. Which other element produce magnetic field?
.........................
	FRAMEWORK
	CHARACTERISTIC

	Competency
	Explaining phenomena scientifically

	Knowledge system
	Content

	Context
	Global

	Cognitive demand
	Easy

	Item format
	closed constructed response

	Proficiency level
	I








ANSWER KEY AND CREDITS
THE SHIELDING GASES(ITEM-1)
1. 	Full credit: argon atomic number -18(2,8,8)
The complete octet in the outer atomic shell makes argon stable and resistant to bonding with other elements.
Partial credit: atomic number and electronic configuration or partial correct answer.
No credit: answer missing or incorrect
2. 	Full credit: (b) 1.0 number of shell and number of electrons can’t be in fraction.
Partial credit: (b) 1.0 no explanation
No credit: answer missing or incorrect
3. 	Full credit: (c)
No credit: answer missing or incorrect
4. 	Full credit: number of protons=7, number of neutrons=7, atomic mass= no. of protons+
no. of neutrons=7+7=14
Partial credit: either 14 or formula
No credit: answer missing or incorrect

THE BOHR MODEL AND REALITY(ITEM-2)
1. 	Full credit: radius or diameter
No credit: answer missing or incorrect
2. 	Full credit: (b)
No credit: answer missing or incorrect
3. 	Full credit: according to Rutherford model electrons do not radiate energy while revolving around nucleus. But they should. This is exactly why the Rutherford model failed.
Partial credit: partially correct answer
No credit: answer missing or incorrect
4. 	Full credit: (a) higher (b) lower
No credit: answer missing or incorrect

SAME PLACE(ITEM-3)
1.  	Full credit: mass number=93, no. of protons= 47
No. of neutrons= 93-47=46
Partial credit: 46
No credit:answer missing or incorrect
2. 	Full credit: (b)
No credit: answer missing or incorrect
3. 	Full credit: (b)
No credit: answer missing or incorrect
4. 	Full credit: agree
Chemical properties are determined by the outer shell electrons and they have same atomic number and valency. Physical properties are determined by The interparticular forces in the bulk substances that is mass number. It determines the physical properties such as boiling/ melting/ density etc.
Partial credit: agree
No credit: answer missing or incorrect

PREDICTION AND DISCOVERY(ITEM-4)
1. 	Full credit: Hydrogen has only one proton, the atom is safe and stable. If there are two protons in nuclei and no neutron present, this atom will be unbalanced because neutrons balance the movement of the protons inside the nuclei so the protons will not bump into each other and create an explosion.
Partial credit: partially correct answer
No credit: incorrect or missing answer
2. 	Full credit: (c)
No credit: incorrect or missing answer
3. 	Full credit: (a)
No credit: incorrect or missing answer
4. 	Full credit: (b)
No credit: incorrect or missing answer

EQUAL WEIGHT ELEMENTS(ITEM-5)
1. 	Full credit: isobars  have same atomic mass and different atomic number so their outer shell electrons differ which determine the chemical properties. Whereas physical properties are determined by the inter particular forces in the bulk substance i.e mass number. It determines the physical properties such as boiling/ melting/ density.
Partial credit: partially correct answer
No credit:  incorrect or missing answer
2. 	Full credit: (d)
No credit: incorrect or missing answer
3. 	Full credit: X and Z
No credit: incorrect or missing answer
4. 	Full credit: cobalt
No credit: incorrect or missing answer
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Name of the Vidyalaya: KV No.3 Delhi Cantt (II Shift)
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PISA TEST ITEM
CLASS IX    CHAPTER – STRUCTURE OF THE ATOM
(ITEM-6)
Atomic Number and Mass Number

The composition of any atom can be illustrated with a shorthand notation called A/Z format. Both the atomic number and mass are written to the left of the chemical symbol. The "A" value is written as a superscript while the "Z" value is written as a subscript.
Atomic mass, the quantity of matter contained in an atom of an element. It is expressed as a multiple of one-twelfth the mass of the carbon-12 atom, 1.992646547 × 10−23 gram, which is assigned an atomic mass of 12 units. In this scale 1 atomic mass unit (amu) corresponds to 1.660539040 × 10−24 gram.
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Q1. Complete mass of an atom is concentrated in the__________.
Q1. Science Literacy
	FRAMEWORK
	CHARACTERISTICS

	Competency
	Interpreting data and evidence scientifically

	Knowledge-system
	Knowledge of science- Physical system Content knowledge

	Context
	Global

	Cognitive demand
	Medium 

	Item format
	Simple  multiple choiceShort answer

	Proficiency Level
	2



2. The number of electrons in an element X is 15 and the number of neutrons is 16. Which of the following is the correct representation of the element?
(a) 3115X
(b) 3116X
(c) 1615X
(d) 1516X

Q2. Science Literacy
	FRAMEWORK
	CHARACTERISTICS

	Competency
	Interpreting data and evidence scientifically

	Knowledge-system
	Knowledge of science- Physical system 

	Context
	Global	

	Cognitive demand
	Medium 

	Item format
	Simple MCQ

	Proficiency Level
	2








Q3. The ion of an element has 3 positive charges. Mass number of the atom is 27 and the number of neutrons is 14. What is the number of electrons in the ion?
Q3. Science Literacy
	FRAMEWORK
	CHARACTERISTICS

	Competency
	Interprets and study data

	Knowledge-system
	Knowledge of science- Physical system 

	Context
	Social –Health

	Cognitive demand
	Low

	Item format
	Simple M.C.Q

	Proficiency Level
	Level 32



Q4. The atomic composition of element A is the Number of neutrons =x, Atomic mass=12, Number of electrons =6 and of B is: Number of neutrons =y, atomic mass=28, number of electrons=number of electrons in A+8. Find The ratio of x and y.
Q4. Science literacy
	FRAMEWORK
	CHARACTERISTICS

	Competency
	Explaining Phenomena Scientifically

	Knowledge-system
	Knowledge of science- Physical system 

	Context
	Global

	Cognitive demand
	Medium

	Item format
	Closed constructed response

	Proficiency Level
	2
































Annexure 4

Template for preparation Items for Scientific Literacy(ITEM-2)
	Domain: Scientific 
Literacy 

	Theme: Atomic structure-Isotopes
	Class(es):IX
Expected time:8 min
Total Credit: 08

	Description of Item:
	YES
	Text

	Yes
	Image

	No
	Table

	No
	Graph

	No
	Map



	Learning Outcome: (As per NCERT)
	(i)  Applies learning of scientific concepts in day-to-day life 
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Description of item: 
(ITEM-7)Isotopes
The number of neutrons in a nucleus affects the mass of the atom but not its chemical properties. Thus, a nucleus with six protons and six neutrons will have the same chemical properties as a nucleus with six protons and eight neutrons, although the two masses will be different. Nuclei with the same number of protons but different numbers of neutrons are said to be isotopes of each other. All chemical elements have many isotopes.
[image: Description: isotopes of hydrogen]Isotopes of hydrogen The image shows the three isotopes of the element hydrogen. All three forms have one proton (pink) and one electron (dark green) but differ in the number of neutrons (grey) in the nucleus. Protium, or ordinary hydrogen (top), has no neutrons. Deuterium, or hydrogen-2 (bottom left), has one neutron. Tritium, or hydrogen-3 (bottom right), has two neutrons.




Q1. Which pair of substances are isotopes ?
1. 612C and 614C
1. Carbon dioxide and carbon monoxide.
1. Diamond and graphite.
1. C2H4 and C3H6.
The correct answer is 
a. I and II
b. Only I
c. III and IV.
d. II and III

Q1. Scientific literacy
	FRAMEWORK
	CHARACTERISTICS

	Competency
	Interpreting data and evidence scientifically

	Knowledge-system
	Knowledge of science Content knowledge

	Context
	Global

	Cognitive demand
	Medium 

	Item format
	Complex multiple choice

	Proficiency Level
	2









Q2. An element has two isotopes, which may be represented as 238X and 235X.
How does 238X differ from 235X ?


	FRAMEWORK
	CHARACTERISTICS

	Competency
	Explaining Phenomena Scientifically

	Knowledge-system
	Content knowledge

	Context
	Global

	Cognitive demand
	Medium

	Item format
	Closed constructed response

	Proficiency Level
	2


Q2. Scientific literacy



Q3. Based on the understanding of the concept above, suggest correct option:

	Answer as true or false.
	True/False

	The atoms of different elements having same mass number but different atomic number are known as isobars.
	

	The sum of protons and neutrons in the isobars is always different.
	


	FRAMEWORK
	CHARACTERISTICS

	Competency
	Interpreting data and evidence scientifically

	Knowledge-system
	Content knowledge

	Context
	Global

	Cognitive demand
	Medium 

	Item format
	Simple  multiple choice

	Proficiency Level
	2


Q3. Scientific literacy






Q4. “Isotopes are electrically neutral” Do you agree.
-----------------------------------------------------------------------------------------------------------------------

	FRAMEWORK
	CHARACTERISTICS

	Competency
	Explaining Phenomena Scientifically

	Knowledge-system
	Content knowledge of science.

	Context
	Global 

	Cognitive demand
	Medium 

	Item format
	Closed constructed response

	Proficiency Level
	2


Q4. Scientific leteracy
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(ITEM-8)Rutherford’s model of the atom
 (
Rutherford directed beams of alpha particles (which are the nuclei of helium atoms and hence positively charged) at thin gold foil to test this model and noted how the alpha particles scattered from the foil.
)[image: Description: https://www.jagranjosh.com/imported/images/E/Articles/pt2.png]








Q1: . What do you think would be the observation if the α-particle scattering experiment is carried out using a thin foil of lighter atoms like aluminium, etc.?
	FRAMEWORK
	CHARACTERISTICS

	Competency
	Explaining Phenomena Scientifically

	Knowledge-system
	Procedural knowledge

	Context
	Local 

	Cognitive demand
	High 

	Item format
	Open Constructed-response

	Proficiency Level
	3



Q2: Where are the electrons in the Rutherford model of the atom?
	FRAMEWORK
	CHARACTERISTICS

	Competency
	Explaining Phenomena Scientifically

	Knowledge-system
	Content knowledge.

	Context
	Global 

	Cognitive demand
	Medium 

	Item format
	Closed constructed response

	Proficiency Level
	1



Q3: Rutherford suggest that the positive charge in an atomic nucleus is concentrated in a tiny region rather than spread evenly throughout the atom. Do you agree?
	FRAMEWORK
	CHARACTERISTICS

	Competency
	Explaining Phenomena Scientifically

	Knowledge-system
	Procedural knowledge

	Context
	Global

	Cognitive demand
	Medium

	Item format
	Open constructed response

	Proficiency Level
	2



Q4: Atomic models have been improved over the years. Arrange the following atomic models in the chronological order.
(i) Rutherford’s atomic model 
(ii) Thomson’s atomic model
(iii) Bohr’s atomic model
(a) (i), (ii) and (iii)
(b) (ii), (iii) and (i)
(c) (ii), (i) and (iii)
(d) (iii), (ii) and (i)

Q4. Science literacy
	FRAMEWORK
	CHARACTERISTICS

	Competency
	Interpreting data and evidence scientifically

	Knowledge-system
	Content knowledge

	Context
	Global

	Cognitive demand
	Medium 

	Item format
	Complex multiple choice

	Proficiency Level
	2



Q5: Science literacy
	Can the following questions be answered using Rutherford Model of atom
	Yes/No

	Electrons have negative charge.
	

	Neutron exists in the nucleus.
	



	FRAMEWORK
	CHARACTERISTICS

	Competency
	Interpreting data and evidence scientifically

	Knowledge-system
	Content knowledge

	Context
	Global

	Cognitive demand
	Medium 

	Item format
	Simple multiple choice

	Proficiency Level
	2
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(ITEM-4)The Thomson Model of the Atom
 (
In 1897, J.J. Thomson discovered the electron, the first subatomic particle. He also was the first to attempt to incorporate the electron into a structure for the atom. The internal structure of the atom had been a source of speculation for thousands of years. The Greeks taught that the atom was solid, as did Dalton. Although Dalton did allow for the fact that there might be a sub-atomic structure of which he was unaware.
Thomson faced two major problems: (1) how to account for the mass of the atom when the electron was only about 1/1000 the mass of the hydrogen atom (the more modern figure is 1/1836) and (2) how to create a neutral atom when the only particle available was negatively charged.
His solution was to rule the scientific world for about a decade and Thomson himself would make a major contribution to undermining his own model.
Thomson had been in the business of proposing atomic models since at least 1881.
Here is what he then said in 1899:
"I regard the atom as containing a large number of smaller bodies which I will call 
corpuscles,
 these corpuscles are equal to each other.... In the normal atom, this assemblage of corpuscles forms a system which is electrically neutral. Though the individual corpuscles behave like negative ions, yet when they are assembled in a neutral atom the negative effect is balanced by something which causes the space through which the corpuscles are spread to act as if it had a charge of positive electricity equal in amount to the sum of the negative charges of the corpuscles.... The detached corpuscles behave like negative ions, each carrying a constant negative charge which we shall call for brevity the unit charge; while the part of the atom left behind behaves like a positive ion with the unit positive charge and a mass large compared with that of the negative ion."
This last portion is interesting in that it proposes the correct mechanism for ionization; a negative electron is removed leaving behind a positive atom.
His next statement on the structure of the atom comes in a 1904 article.
“We suppose that the atom consists of a number of corpuscles moving about in a sphere of uniform positive electrification . . . .”
Source: 
https://www.chemteam.info/AtomicStructure/Thomson-Model-Intro.html
)


Q1: The negatively charged ion is known by which name?
	FRAMEWORK
	CHARACTERISTICS

	Competency
	Interpreting data and evidence scientifically

	Knowledge-system
	Content knowledge

	Context
	Global

	Cognitive demand
	Low

	Item format
	Short response items

	Proficiency Level
	1




Q2: Thomson model suggested the existence of nucleus. Comment
	FRAMEWORK
	CHARACTERISTICS

	Competency
	Interpreting data and evidence scientifically

	Knowledge-system
	Thinking 

	Context
	Global

	Cognitive demand
	Low

	Item format
	Closed constructed response

	Proficiency Level
	1



Q3: Thomson compared his idea of atomic structure to a plum pudding. Invent an original analogy for Thomson’s plum pudding model of the atom.
	FRAMEWORK
	CHARACTERISTICS

	Competency
	Evaluating and designing Scientific Enquiry

	Knowledge-system
	Content knowledge	

	Context
	Global

	Cognitive demand
	Medium

	Item format
	Open constructed response

	Proficiency Level
	2



Q4: 
	Do these statements state true with relation to Thomson Model?
	

	Thomson model suggested most of the atom is empty.
	YES/NO

	The atom as  whole is neutral 
	YES/NO



	FRAMEWORK
	CHARACTERISTICS

	Competency
	Interpreting data and evidence scientifically

	Knowledge-system
	Content knowledge

	Context
	Global

	Cognitive demand
	Medium 

	Item format
	Complex multiple choice

	Proficiency Level
	2


Domain: Scientific Literacy
Theme: Atomic Structure
Class: 9th 
Expected Time : 30 Minutes
Total Credit: 08
Learning Outcome: Knowledge about valency of an atom.
Description of item: 
exure 4

Template for preparation Items for Scientific Literacy(ITEM-5)
	Domain: Scientific 
Literacy 

	
	Class(es):IX
Expected time:10 min
Total Credit: 08

	Description of Item:
	YES
	Text

	No
	Image

	No
	Table

	No
	Graph

	No
	Map



	Learning Outcome: (As per NCERT)
	(i)  Applies learning of scientific concepts in day-to-day life 
(ii) Interprets and study data
(iii) Conducts simple investigations to seek answers to queries






(ITEM-9)Valence
Valence, also spelled valency, in chemistry, the property of an element that determines the number of other atoms with which an atom of the element can combine. Introduced in 1868, the term is used to express both the power of combination of an element in general and the numerical value of the power of combination.
The explanation and the systematization of valence was a major challenge to 19th-century chemists. In the absence of any satisfactory theory of its cause, most of the effort centred on devising empirical rules for determining the valences of the elements. Characteristic valences for the elements were measured in terms of the number of atoms of hydrogen with which an atom of the element can combine or that it can replace in a compound. It became evident, however, that the valences of many elements vary in different compounds. The first great step in the development of a satisfactory explanation of valence and chemical combination was made by the American chemist G.N. Lewis (1916) with the identification of the chemical bond of organic compounds with a pair of electrons held jointly by two atoms and serving to hold them together. In the same year, the nature of the chemical bond between electrically charged atoms (ions) was discussed by German physicist W. Kossel. After the development of the detailed electronic theory of the periodic system of the elements, the theory of valence was reformulated in terms of electronic structures and interatomic forces. This situation led to the introduction of several new concepts—ionic valence, covalence, oxidation number, coordination number, metallic valence—corresponding to different modes of interaction of atoms.
Q1. Why do Helium, Neon and Argon have zero valency?
	FRAMEWORK
	CHARACTERISTICS

	Competency
	Explaining Phenomena Scientifically

	Knowledge-system
	Content knowledge

	Context
	Global

	Cognitive demand
	Medium

	Item format
	Closed constructed response

	Proficiency Level
	2



Q2. Helium has 2 electrons in its valence shell but its valency is not 2. Do you agree?
	FRAMEWORK
	CHARACTERISTICS

	Competency
	Explaining Phenomena Scientifically

	Knowledge-system
	Content knowledge

	Context
	Global

	Cognitive demand
	Medium

	Item format
	Closed constructed response

	Proficiency Level
	2



Q3. Ramesh answered that 35Cl and 37Cl have different valences. Do agree with his answer, justify.
	FRAMEWORK
	CHARACTERISTICS

	Competency
	Explaining Phenomena Scientifically

	Knowledge-system
	Content knowledge

	Context
	Global

	Cognitive demand
	Medium

	Item format
	Closed constructed response

	Proficiency Level
	2



Q4. An atom with 3 Protons and 4 Neutrons will have a valency ………………
	FRAMEWORK
	CHARACTERISTICS

	Competency
	Interpreting data and evidence scientifically

	Knowledge-system
	Content knowledge

	Context
	Global

	Cognitive demand
	Medium 

	Item format
	Simple constructed

	Proficiency Level
	2



Answer Key & Credits

(ITEM-6)ATOMIC NUMBER AND MASS NUMBER
Q1.
Full Credit: 02
Nil Credit: 00
Description of Answer Key and Credits:
	Full credit: Nucleus.
No credit: Other responses and missing




Q2. 
Full Credit: 02
Nil Credit: 00
Description of Answer Key and Credits:
	Full credit: a
No credit: Other responses and missing




Q3.
Full Credit: 02
Nil Credit: 00
Description of Answer Key and Credits:
	Full credit: We know that mass number= number of protons+ number of neutrons in any given atom. Here, mass number is 27 and there are 14 neutrons hence protons=27-14=13. In a neutral atom, number of protons=number of electrons. Hence in this case the number of electrons in the neutral atom will be 13. Now, since the atom carries +3 charge hence it will have 13-3=10 electrons.
No credit: Other responses and missing.



Q4.
Full Credit: 02
Nil Credit: 00
Description of Answer Key and Credits:
	Full credit: Number of neutrons in A = 12 – 6.
Number of neutrons in B = 28 – 14.
Required ratio is 3:7
 No credit: Other responses and missing.





(ITEM-7)ISOTOPES
Q1. 
Full Credit: 02
Half Credit: 01
Nil Credit: 00

Description of Answer Key and Credits:
	Full credit: B, as they have same atomic number but different mass number.
No credit: Other responses and missing




Q2. 
Full Credit: 02
Nil Credit: 00
Description of Answer Key and Credits:
	Full credit: Number of protons or atomic number are same in case of isotopes. Thus 238Xhas 3 more neutrons.
No credit: Other responses and missing.



Q3.
Full Credit: 02
Nil Credit: 00
Description of Answer Key and Credits:
	Full credit: True, False in that order
No credit: Other responses and missing




Q4.
Full Credit: 02
Nil Credit: 00
Description of Answer Key and Credits:
	Full credit: Isotopes are electrically neutral because they possess an equal number of protons (+) and electrons (-).
No credit: Other responses and missing





(ITEM-8)RUTHERFORD’S MODEL OF THE ATOM

Q1:
Credit Pattern:
Full Credit: 02
Nil Credit: 00
Description of Answer Key and Credits:
	Full credit : If alpha particle scattering experiment is carried out using a foil of any metal as thin as gold foil used by Rutherford, there would be no change in observations. But since other metals are not so malleable so, such a thin foil is difficult to obtain. If we use a thick foil, then more α-particles would rebound.
No credit: Other responses and missing



Q2: 
Full Credit: 02
Nil Credit: 00
Description of Answer Key and Credits:
	Full credit: Revolves around the nucleus.
No credit: Other responses and missing




Q3: 
Full Credit: 02
Nil Credit: 00
Description of Answer Key and Credits:
	Full credit: Yes, as most of the alpha particles passed straight through the foil without being deflected. However, occasionally the alpha particles were deflected in their paths, and rarely the alpha particles were deflected backward at a 180 degree angle. Since like charges repel, Rutherford concluded that the cause of the deflections of the positively charged alpha particles had to be something within the atom that was also positively charged.
No credit: Other responses and missing.




Q4:
Full Credit: 02
Half Credit: 01
Nil Credit: 00
Description of Answer Key and Credits:
	Full credit: c
No credit: Other responses and missing




Q5:
Full Credit: 02
Nil Credit: 00
Description of Answer Key and Credits:
	Full credit: No,No
No credit: Other responses and missing




The Thomson Model of the Atom
Q1:Credit Pattern:
Full Credit: 02
Nil Credit: 00
Description of Answer Key and Credits:
	Full credit : Electron
No credit: Other responses and missing



Q2: 
Full Credit: 02
Half Credit: 01
Nil Credit: 00
Description of Answer Key and Credits:
	Full credit: No. It suggested that positive charge is spread throughout the atom.
Partial credit: If answered only “No” 
No credit: Other responses and missing




Q3: 
Full Credit: 02
Nil Credit: 00
Description of Answer Key and Credits:
	Full credit: Any answer matching plum-pudding model.
No credit: Other responses and missing.



Q4:
Full Credit: 02
Half Credit: 01
Nil Credit: 00
Description of Answer Key and Credits:
	Full credit: No, Yes in that order..
Partial credit: No or Yes in that order.
No credit: Other responses and missing




(ITEM-9)Valence
Q1. 
Full Credit: 02
Nil Credit: 00
Description of Answer Key and Credits:
	Full credit: Helium has 2 electrons in its only energy shell, while Argon and Neon have 8 electrons in their valence shells. As these have maximum number of electrons in their valence shells, they do not have any tendency to combine with other elements. Hence they have a tendency equal to zero.
No credit: Other responses and missing.



 Q2.
Full Credit: 02
Nil Credit: 00
Description of Answer Key and Credits:
	Full credit:No.  Its duplet is complete. Hence the valency is zero.
No credit: Other responses and missing.



Q3. 
Full Credit: 02
Nil Credit: 00
Description of Answer Key and Credits:
	Full credit:No.35Cl and 37Cl will have same valency. Valency is determined by number of protons or number of electrons. Since the number of protons/electrons are same in both the cases mentioned above, the valencies will be same.
No credit: Other responses and missing.	



Q4. 
Full Credit: 02
Nil Credit: 00
Description of Answer Key and Credits:
	Full credit: 1.
No credit: Other responses and missing
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