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ABSTRACT

This paper introduces a new visualized tool for periodic table,
named PerTabVIS. Compared with other related work,
PerTabVIS can compare multi-properties and explore elements
distribution according to user selection. The goal of this
application is to provide both students in senior class and others
majoring in Chemistry with a general web-based application to
learn the periodic table and explore relationships between
different properties.
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1 INTRODUCTION

Periodic Table (as shown in Figure 1), first proposed by Dmitri
Mendeleev [1] in 1869, is a tabular display of 118 known
chemical elements organized by selected properties according to
their atomic structure. Since the periodic table contains a wide
variety of information such as element symbols, atomic number,
and atomic mass, it is a very useful tool for students learning
Chemistry. Besides, benefiting from the good property of periodic
table to accurately predict the abilities of various elements,
Chemists or related researchers make use of it as a useful
framework to classify, systematize, and compare many different
forms of chemical elements behaviour, or even discover new
elements. Before going further, it will be helpful to clarify some
basic terminologies used in Chemistry, which is also used in this
paper. The purpose of it is to unify the related concepts and make
up some necessary knowledge to those who have little chemical
background.
®  Atomic number:
nucleus of an atom
®  Atomic symbol: A 1- or 2-letter internationally agreed code
for a chemical element, usually derived from the name of

The number of protons found in the

the element, often in Latin. Only the first letter is capitalised.

®  Electron Shells: An orbit followed by electrons around an
atom's nucleus.

®  Electrons per Shell: Electron numbers on each electron shell.

®  Melting Point: Temperature at which it changes state from
solid to liquid.

®  Boiling Point: Temperature at which it can change its state
from a liquid to a gas.

®  (Critical Point: The conditions like temperature, pressure
and sometimes composition at which a phase boundary
ceases to exist.

®  Heat of Fusion: The temperature at which one mole of a
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substance changes states from a solid to a liquid resulting
from heating.

®  Heat of Vaporization: The energy required to transform a
given quantity of a substance into a gas at a given pressure.

®  Period: Each row in the periodic table is called a period.
Elements of the same period have the same number of
electron shells.

®  Family or Group: Each column in the periodic table is
called a period. Elements of the same family have similar
properties.
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Figure 1. A simple Periodic Table with 118 known elements

However, the traditional periodic table used for education is
almost black-white printing version (as shown in Figure 1). With
no doubt, the information shown on that kind of periodic table is
very limited. Thus, how to visually present the periodic table and
effectively reveal properties between elements by using computer
science techniques becomes primary question to assist chemical
education and research. Toward this aim, researchers and
designers have done lots of work to encode the periodic table with
different color for each cell, change the table shape such as spiral
periodic table, or compare certain properties. All the efforts are to
find a way which can better visualize the periodic table and reveal
complex but critical relationship in the table. There are some
questions which must be asked and clarified before designing a
visualized periodic table. Who is the target user? Which function
do they really care about? What and how will the effective visual
encoding methods be used? Starting from these points, in this
paper, 1 develop a visualized and interactive tool named
PerTabVIS to provide a way to visualize the periodic table. The
goal of this work is to give general user such as students in senior
school and others in Chemistry major a platform to learn the
elements property easily and even discover some valuable
information according to property comparison. These groups of
people are not such specialized that they might focus on the most
common used properties, such as density, electrons per shell, and
boiling point. In addition, they might be also interested in the
relationship and comparison of those properties, such as the
elements distribution according to melting point and the
correlation between different properties. The dataset is relatively
easy to obtain from numerous chemical websites or other



authorized database like eChemPortal [2]. 1 extract the dataset
accessed from Wikipedia and many other applications [3]. The
original dataset has more than 30 different properties for each
element and most of them might be never used by general users.
Realizing this fact, I only remain about 10 most common used
properties such as melting point, density, and heat of fusion.
PerTabVIS visually encodes these properties according to
different purposes. For example, the color is used to distinguish
different family and the lightness serves for the single property
comparison. More details will be illustrated in Section 3.

Many previous applications have focused on the fundamental
functions and visualized the periodic table by dyeing table cell
with different color and comparing the single property of elements,
while there is no such work handling multi-properties comparison
and giving users freedom to see the elements distribution
according to their interests. In contrast to previous system,
PerTabVIS not only remains all of those fundamental functions
mentioned above, but also extend the visualized periodic table by
providing multi-properties comparison and showing elements
distribution according to user interest. The extended contents are
very useful. By comparing multi-properties, user can judge
whether there is any correlation between different properties. By
allowing users to select properties according to their interest, they
might discover some features of the corresponding elements
distribution. Furthermore, the design of PerTabVIS is also guided
by analyzing preference of two target users. The students coming
into touch with chemistry in senior school might be interested in
seeing elements properties and appearance. But other group,
majoring in Chemistry, focuses more on studying the relationship
between different properties. That is to say, they involve some
comparisons.

I begin by viewing some related work on visualizing periodic
table. Next, I present the solution and implementation of
PerTabVIS. 1 then show some screenshots combined with
scenarios of use. The results, evaluation, and future work will be
discussed in last several sections.

2 RELATED WORK

For an overview on the basic knowledge of the periodic table, I
refer the reader to the introduction of Periodic Table on Wikipedia,
as this related work section focuses on visualizing the periodic
table but not the usage of periodic table.

Visualizing periodic table has been a much concerned topic
since it assists so much on chemical research. In this field, early
strategy for searching and showing the elements in the periodic
table have been introduced by Christopher et al. [4]. Most recent
researches about the periodic table focus on the web applications.
Some of them are like a collecting box of information such as the
periodic table in Figure 2 [S]. They collect related information of
each element with little derived data. Some of others have a
visualized appearance. They dye the table cell with different
colors. This is useful to reveal the elements distribution according
to period, family, and element type. The elements in each certain
group such as transition metal family are dyed with the same color
and used different color to differ from others. Denial’s work [6] in
Figure 3 is a good example. Knoxville and Tennessee create a
stronger web application [7] and make some improvements
compared with others. They provide single property comparison
(as shown in Figure 4), which means to show elements
distribution under different cases, such as boiling point and
density. The similar work has also been done by Royal Society of
Chemistry [8] (as shown in Figure 5).

However, there is no previous work owning the ability to
compare multi-properties and giving user freedom to see the
elements distribution according to user’s interest and selection. To

address these shortcomings and issues, this paper introduces a
new visualized tool which contains the functions both in previous
work and in those extended contents.
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Figure 2. Left: a periodic table like a collecting box. Right: each
element directs to a URL containing detailed information
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Figure 4. Knoxville andTennessee’s periodic table to compare
single property
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Figure 5. Periodic Table developed by Royal Society of Chemistry

3 DESCRIPTION OF SOLUTION

3.1  Visual Encoding Methods

PerTabVIS mainly uses four types of visual encoding methods,
named color, lightness, line, and opacity.

3.1.1 Color

Color is used to encode family (as shown in Figure 6). The
elements in the same family have the similar properties. In
PerTabVIS, I use 12 different colors to represent 12 different
families, respectively.

Figure 6. Different color used to differ from families

3.1.2  Lightness

When user asks to compare single property and see the element
distribution with the corresponding property, the elements having
such property will be encoded with the same color but in different
lightness from darker to lighter with value from smaller to larger.
For example, when user asks for a comparison of boiling point,
the elements will be encoded with orange color (as shown in
Figure 7). The dark orange means relatively low boiling point,
whereas the light one means relatively high boiling point. Those
elements not encoded by any color and lightness means that there
is no boiling point for them. So they remain the same in the
periodic table.

The gradient of lightness is decided by numerical distribution
of corresponding property. The lightness of each element is
derived from following equation:

propertyValue, —min( propertyValue)
max( propertyValue) —min( propertyValue)

lightness; = x240x0.8+36 @

This equation first maps the numerical value for a property to
the lightness range from 0 to 240. Next, to avoid lightness to be
too dark as black or too light as white, I clamper the lightness
value by linearly transforming it to a somewhat narrower range
from 36 to 228.

Figure 7. Lightness visual encoding used for boiling point
comparison

3.1.3 Line

Line encoding is for parallel coordinate which serves for multi-
properties comparison (as shown in Figure 8). Parallel coordinate
is very helpful when handling high-dimensional data. The main
advantage of parallel coordinate visualization is that it provides an
overview and visual insight into correlations of variables which
can be easily spotted by lines connecting each axis. PerTabVIS
regards multi-properties as high-dimensional data and gives user
freedom to filter and highlight interesting region.
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Figure 8. Lines used for parallel coordinate

3.1.4  Opacity

To explore elements distribution according to user selection, I use
opacity to differ from those selected and those filtered out (as
shown in Figure 9). The opaque elements in the table means what
user selects and interests in. By contrast, those transparent
elements are filtered out by user. PerTabVIS takes advantages of
opacity to clearly reveal elements distribution according to user
interest.



Figure 9. Opacity visual encoding. Opaque ones represent
selected elements. Transparent ones are those filtered out

3.2 Panels

There are five panels in PerTabVIS which are main panel,
detailed information panel, family panel, single property
comparison panel, and multi-properties comparison panel,
respectively (as shown in Figure 10).

Single Property
Comparison Panel

Multi-Properties

Main Panel Comparison Panel
€

Family Panel

Detailed Information Panel

Figure 10. PerTabVIS interface with five panels

3.2.1 Main Panel

The main panel is the periodic table which can also be interactive
with other panels. The basic function of this panel is to show the
basic information of periodic table, such as element property and
appearance. The element will pop out when cursor crosses over it.
And the related property information such as density and melting
point will be shown beside the cursor. At the same time, the
appearance of this element will also be available at the upper of
the main panel (as shown in Figure 11). Each row indicates one
period. Elements in the same family are encoded by the same
color. Besides, the main panel also interactively responds with
other panels, which will be explained in later introduction. In
short, the main panel is mainly used to display kinds of
information such as property, distribution, and comparison result.
And when no control happens, it just seems like a traditional
periodic table.

Hame, symbol, number

X Eloment catogory
Group, pariod, block
Appearance

Bl Standard atomic weight

Electron configuration
Electrons per shell
) phase
Density [near r.t)

Heat of vaporization 38 1
Specific heat capacity (25 °C} 19 789

Figure 11. Mouse moving over Si element

3.2.2 Detailed Information Panel

Detailed information panel at the bottom of the webpage is a text
grid, which shows all the related information of each element in
the order of atomic number increment. When user highlights some
properties according to his interest, this panel will be redrawn to
remain only the highlighted elements.

3.2.3  Family Panel

Family panel consists of text name of 12 families with different
colors. This panel allows user to see elements by group. When
cursor moves on a family, the corresponding elements in the same
family will all be popped out in the main panel with the same
color as that on family text name.

3.2.4  Single Property Comparison Panel

Controls on this upper-left panel aid the user to select single
property such as boiling point, melting point, and heat of fusion.
A periodic table is represented as the lightness distribution,
wherein the darker lightness means smaller value of selected
property and elements lacking of such property are invariant.

3.25  Multi-properties Comparison Panel

The rightmost panel uses parallel coordinate as a representation of
high-dimensional multi-properties. Each numerical property is
represented in terms of each vertical axis. The range is evenly
divided with the smallest value at the bottom. User can drag each
axis to left and right to make it easier to compare (as shown in
Figure 12). By brushing the interesting regions (as shown in
Figure 13), the highlighted elements will be interactively shown in
both main panel and detailed information panel (as shown in
Figure 14).



Figure 12.

Figure 13.

Drag the axis. Left side: drag MP axis to left.
Right Side: drag MP axis to right
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Brush three interesting regions. The highlighted
lines are the intersection of three regions.
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Figure 14. Interactive response of Figure 13 in both main
panel and detailed information panel

4 MEDIUM-LEVEL IMPLEMENTATION

411 Toolkits Used

A medium-level implementation of PerTabVIS is established as a
client-side web application, and can be visited by any modern web
browser which supports Javascript and CSS perfectly such as
Chrome used here and Firefox. User interface like panel layouts,
hover effect, drag control, and brush control are derived from
existing Javascript and CSS components. I justify the use of
Javascript and CSS as they contain the facility of highly
interactive controls, the ability to rapidly develop web-based
applications, and the possibility for integrating third-party
libraries.

The popped-out effect when cursor crosses over the element is
implemented by using shadow effect in CSS as a hover. A series
of controls on multi-properties comparison such as drag and brush
are written and customized using d3 library [9] for Javascript.
Another third-party Javascript component named SlickGrid [10] is
used to draw the grid for detailed information display. Besides, all
the other layouts are created using standard HTML tags and
objects in Javascript such as document and array. The interactive
response over different panels is what 1 did by myself. For
example, when user selects out the interesting region, the
interactive display in the main panel and detailed information
panel of the corresponding elements distribution is implemented
by calling the document objects to modify the display on webpage.

4.1.2 Dataset

A substantial amount of effort is dedicated to collect, analyze,
extract, and format the dataset. As I mentioned above, the dataset
used in PerTabVIS is derived from Wikipedia and many other
applications. After analyzing the need of the target user, I
manually extract the dataset from more than 30 kinds of properties
each element in the original set to only about 10 most common
used properties. In order to categorize the data more effectively
and use it more efficiently on the webpage, I then convert it into
the XML format (as shown in Figure 15).



<element>
<number>2</number>
<symbol>He</ symbol>
<name>Heliume/names
<property><label>Phase</label>cvalue>gas</values</property>
<property><label>Density</label><value> (0 °C, 101.325 kPa) 0.1786 g/L</value></property>
<propertyy<labelyMelting point</label><value> (at 2.5 MPa) 0.95 K (-272.20 °C, -457.96 "F)</value»</property>
<property><labelyBoiling point</label><value>4.22 K (-268.93 °C, -452.07 "F)</valued</Dropercys
<propercy><label>Critical point</label><value»5.19 K, 0.227 MPa</value></property>
<propercy><label>Heat of fusion</label><value0.0138 kJ -mol-1</value></DIOpercy>
/><label>Heat of vaperizatione/label><value>0.0829 kJ-mol-1</value></preperty>
<property><label>Specific heat capacity</label><value>(25 °C) 20.786 J mel-1-K-1</value></property>
<felemencs

Figure 15. Extract dataset and convert it into XML format

5 SCENARIOS OF USE

Several scenarios of use for PerTabVIS are encompassed in the
following subsections. More guidelines about how to use this tool
can be found in the video demo.

5.1 Viewing Single Element Property

Both the main panel and detailed information panel provide
information of each element. A user begins by moving the cursor
to the target element. Perhaps the user is interested in the element
Si but have no idea about it, even for the full name and atomic
number. Move the mouse and stop at Si position (as shown in
Figure 11). The Si element will pop out and related information
about Si will be displayed in the text window besides the cursor
(as shown in Figure 16). Then, the user knows Si represents
Silicon and the atomic number is 14™ And other useful
information such as density, phase, and boiling point will be
emerged together. Moreover, the corresponding image which
indicates what Si looks like will be drawn on the top of current
main panel (as shown in Figure 11). Then, the user wants to write
it down to the note book in case of forgetting it later. So he moves
the mouse to the notepad and the text window of element
information disappears thereupon. Don’t worry about it.
PerTabVIS also has a text grid in the detailed information panel
which records all the properties for each element. The user then
comes back to the tool and finds the 14™ element in the text grid
(as shown in Figure 17). At this time, he can contentedly write all
the knowledge points down.
i

Name, symbol, number silicon, Si, 14

Element category metalloid
Group, period, block 4.3 p
Appearance crystalline, reflactive. bluish-tinged faces

Standard atomic weight  28.0855(3) g-mol-1

Electron configuration [Me] 3s2 3p2 k.,
Electrons per shell 2,84 [\
Phase solid

Density (near r.t.) 2.3290 g-cm-3

Liquid density at m.p. 257 gcm-3

1687 K (1414 °C, 2577 °F)
3538 K (3265 °C. 5309 °F)
50.21 kJ-mol-1

359 kJ-mol-1

(25 °C) 19.789 J-mol-1-K-1

Melting point

Boiling point

Heat of fusion

Heat of vaporization
Specific heat capacity

AR L

TRvu T 1 L R
Figure 16. Text window includes all the information

Atomic Nu... Name

Symbol Phase

Density (g'c... Critical Poi... Boiling Poi... Melting Poi... Heat of Vap... Heat of Fus.

Figure 17. Text grid also shows all the information of Si

5.2  Viewing Elements In A Family

Using the family panel, the user can see the corresponding
elements belonging to the selected family at one time. A user
might be curious about which elements are in the category of
noble gases. Move the mouse to family panel and stop the cursor
at grey text named Noble Gases (as shown in Figure 18 left). In
the main panel, the elements belonging to this family will pop out
with same grey background color (as shown in Figure 18 right).

Fam HE

Alkah Metals

The elements belonging to Noble Gases family
popped out with the same grey background color

Figure 18.

5.3  Single Property Comparison

Let us imagine that a user is solely interested in the elements
distribution with melting point. Click on the radio button Melting
Point in the single property comparison panel and the periodic
table in the main panel will be encoded with different level of
lightness (as shown in Figure 19). Hydrogen H is encoded by a
very dark red which means it has a relatively quite low melting
point. Tungsten W with a very light orange indicates its such high
melting point. Actually, tungsten is the raw material of lamp
filament. Thus, it is also reasonable that tungsten has a relatively
high melting point.

Single Property Comparison of melting point

Figure 19.

54 Multi-properties Comparison

After comparing the single property, perhaps the user wants to
explore deeper relationships between different properties, such as
correlation. For instance, the user might have a previously formed
hypothesis that the melting point and heat of fusion are the same
concept or correlated with each other since the definition of these
two concepts seems somewhat similar. So he drags the axis of



melting point to make these two properties closed (as shown in
Figure 20 left). As a result, the fact overturns his wrong
assumption because the crossing lines connecting two axes
indicate no correlation (as shown in Figure 20 right).

e e 1
= SR LR \\
7 A \

Figure 20. Left: Move the MP axis close to HF axis. Right:
No correlation between two properties

55 Explore Elements Distribution Under Certain
Situation

There is a question of how about the elements distribution with
those having relatively low density but owning high boiling point?
The user then brushes the region on the density axis for the
relatively low value and also selects the upper half of boiling
point axis. The highlighted lines now are the intersection for
elements with low density and high boiling point (as shown in
Figure 21). As a result, the corresponding elements distribution in
the main panel reveals that elements having such property are
almost the transition metals (as shown in Figure 22).

Another scenario is to explore elements distribution with both
low boiling point and low melting point (as shown in Figure 23).
In the same process, the user filters the elements and discovers
that no transition metals have such property except mercury Hg
(as shown in Figure 24). He then searches the Wikipedia to find
the answer. Mercury [11] is the only metal that is liquid at
standard conditions for temperature and pressure because of very
weak Van der Waals' force'.

Van der Waals' force' [12] include attractions between atoms,
molecules, and surfaces, as well as other intermolecular forces

Figure 21.
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Figure 24. Hg is the only metal having such a low boiling

and melting point

6 RESULTS

The section above has already shown what PerTabVIS can do and
how it can be used. So I just want to give a brief conclusion in this
section.

To summarize, PerTabVIS provides the basic function for the
chemical tyro such as showing the element properties and
displaying elements belonging to the same family. For the upper
level user majoring in Chemistry, PerTabVIS supports two types
of comparison, named single property comparison and multi-
properties comparison respectively. And PerTabVIS even allows
user to explore the elements distribution according to user
selection and interest.

7 DiscussioN AND FUTURE WORK

7.1  Strengths and Weaknesses

7.1.1  Strengths

PerTabVIS presents a new method to visualize the periodic table.
By remaining the basic function in previous work and extending
comparison for upper lever user, PerTabVIS is qualified to be an
effective and useful visualized tool when learning and exploring
chemistry. The strengths of PerTabVIS are embodied in following
parts.

First, PerTabVIS supports both single property comparison and
multi-properties comparison. This feature is very useful to explore
the elements relationship. And the parallel coordinate served for
multi-properties comparison is also very helpful with regard of its
effective expression of relationship among high-dimensional data.

Another contribution of PerTabVIS is to provide users freedom
to select what they are interested in and therefore create a
possibility to discover some valuable feature from corresponding
elements distribution.

One more strength of PerTabVIS is in its accessibility to all
kinds of users. As a web application, the only requirement to users
is that they must have a computer at hand and also internet
accessible. Even for the color blindness, the comparison of
property is also available, since PerTabVIS encodes the single
property comparison and multi-properties comparison with
lightness and opacity respectively. These two kinds of visual
encoding methods are known as color-blind free (as shown in
Figure 25 and Figure 26).

Original Image

Deuteranope Simulation

No obstruction for color blindness to distinguish
different lightness

Figure 25.
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Figure 26.

Besides, the good interactivity is another obvious advantage.
Interactivity reflects into two parts: users are interactive with the
interface and panels are also interactive with each other. The
interactivity therefore brings perfect user experience and also
effectively expresses more meaningful information at the same
time.

7.1.2 Weaknesses

However, I think this tool could see a number of improvements.
First, although PerTabVIS benefits from parallel coordinate
served for multi-properties comparison, it is also up against the
clustering issue. The cluster might impede the accuracy of
evaluating multi-properties relationship. Users are even subject to
coarsely select their interested region.

Second, PerTabVIS fails to support bidirectional linking
between the main panel and multi-properties comparison panel.
Specifically, user cannot select the interesting elements from the
periodic table and explore their properties distribution in parallel
coordinate used for multi-properties comparison. For example, it
is the common sense that elements in the same family have
somewhat similar properties. If users want to see what actually
these similarities are, they involve this directional linking from
main panel to multi-properties comparison panel. By doing this,
PerTabVIS will also be more robust and functional. Unfortunately,
due to the time limitation, current PerTabVIS doesn’t support this
mechanism. So I prefer to set this aside for the future work.

Another shortcoming is also given arise to the limited time. By
now, PerTabVIS has only supported comparison for six properties.
However, I believe there must be much more valuable outcomes
derived by comparing more various properties. It is not only
involved into extending the size of dataset, but also designing new
visual encoding methods.

7.2 Reproducibility
This project is reproducible for following reasons.

7.2.1  Code Reproducibility

PerTabVIS utilizes third-party open-source library, such as d3.js
and SlickGrid. In addition, since this tool is a client-side web-
based application, all the source codes can be even obtained from
any client browser.



7.2.2 Data Reproducibility

The dataset used in PerTabVIS is extracted from web resource.
And I also publish dataset I used. So it is available for anyone to
get it and reuse it.

7.2.3 Reference Reproducibility

All the references at the end of the paper can be accessed through
Internet for free.

7.3 Lessons Learned

7.3.1

How to draw up project scope is one crucial lesson I have learned.
The difficulty of real implementation is far beyond what I have
thought in my initial blue-print. In my project proposal, I
imagined lots of functions. Some of them are proved to be useful
and occurs in the final project. But some others are really
nonsense because I had never thought who will be my target user
and how to implement them. I also failed to analyze the previous
work. I have a general lack of understanding what previous work
has already done and what I can improve. Even for the dataset, I
had envisioned there will be lots of available source on the
internet not having to be manually probed and reorganized since
periodic table is widely used. Actually speaking, I have suffered
delays and setbacks caused by aforementioned problems and
oversights. As a result, a rational and logical project scope cannot
be more significant. It is worth thinking twice before drafting
proposal.

7.3.2 Communication

Communication with instructor and other mates is very helpful.
They give me many constructive suggestions. But when I realized
this point, it is a little bit late. I start to ask others evaluation even
after update presentation. I waste lots of time on some of my
initially wrong assumption. It leads to my much more work in
these last three final weeks. Anyway, I have learned this lesson.

Project Scope

7.3.3 Just Do It

Thinking twice before bring into action is encouraged and needed.
But excessive hesitation should be denied. When deciding which
toolkits should be used to implement PerTabVIS, I went through a
hard time. The d3.js is such an up-to-date tool that I am fearful of
few help document of it. Thus, I even produced the intention to
give up it and use other toolkits. On the other hand, I am also
attracted by its power to make implementation of parallel
coordinate very easy. I then hover over whether to use it or not for
several days. Although finally I still decide to use d3.js, to make
this decision wastes me couple of days. From this experience, |
have learned that just do it as long as you think it is powerful
enough. Learning the novel technique seems not too bad.

7.4 Future Work

PerTabVIS is just a course project now. So it is far away from
perfectness. There is a number of improvements worth to do
according to the weaknesses I discussed above. First, I plan to
make use of “focus + context” technique to overcome clustering
issue caused by parallel coordinate. This technique is known as
effectively addressing the cluster problem in terms of zooming in
and extending the focused region but zooming out and
compressing other contexts. Another future work is to add
bidirectional linking between the main panel and multi-properties
comparison panel. The significance for doing it has already been
illustrated. Since extending the dataset will definitely reveal more
relationship, it is also on my to-do list.
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