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Abstract. Due to the large amount of chemical data available, it is essential to 

organize them and given the numerous problems derived from applying 

spreadsheets, it motivated us to construct an improved tool geared to contain large 

amounts of data. 

This paper presents ThermInfo, a public web tool that integrates a database based 

upon a relational data specification for describing structural and thermochemical 

properties of organic compounds. Its user-friendly web interface allows a text-based 

searching, compounds insertion, and data management. 

At present time, ThermInfo contains critically evaluated and thermodynamically 

consistent experimental thermochemical properties values for about 3,000 unique 

and non redundant compounds. Interface usability results show that it is easy and 

fast to learn which improves the efficiency when employing the tool. 

In the future, we intend to expand the dataset, integrate other classes of 

compounds databases, use chemoinformatic tools to combine a structure drawn with 

textual query terms and use prediction methods of thermochemical properties. 

ThermInfo is available at http://www.therminfo.com. 
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1   Introduction 

In large part, Chemistry is still an empirical science, building its development on an 

ever increasing amount of data and information. The quantifiable chemo-information 

keeps growing exponentially due to constantly refined and optimized experimental 

technologies. According to Chemical Abstracts Service, there are currently more than 

35 million compounds known, increasing with more than 1 million each year, and more 

than 600,000 publications per year are related to Chemical information.
1
 Thus, it was 

realized that this flood can only be managed by exploring it in electronic form. 

 Chemical research work often requires search in many kinds of compounds 

properties. The problem lies in looking all up in handbooks and papers which is quite 

unprogressive and time demanding. Thus, it is very important to develop databases to 
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manage and search chemical data (such as thermochemical properties) and make them 

publicly available. Most databases of thermochemical properties are privately owned, 

expensive, often not so well administrated, and are available through restricted 

interfaces that are not suitable for the development of statistical and prediction 

methods [1-3]. 

 

The Molecular Energetics Group
2
 of Centro de Química e Bioquímica from 

Faculdade de Ciências, Universidade de Lisboa, has been collecting and critically 

evaluating experimental thermochemical data of organic compounds from literature. 

This evaluation is performed through the comparison of values for similar compounds 

and/or applying additivity methods, and the data is stored in spreadsheets. However, 

this process triggers several problems, such as: 
1. Referential Data Integrity  when it is needed to change or delete some values 

of a compound property in multiple rows, the same action needs to be repeated 

several times. Furthermore if some row is forgotten the data will become 

inconsistent, ambiguous and loses integrity; 

2. Data Redundancy  it is directly connected to the previous problem. The data 

storing is very ineffective due to the same data being entered various times and 

thereby growing unnecessarily, thus requiring more computer resources (larger 

size of data and slower access). A good example of this is storing and 

summarizing the data for the organic compounds characteristics used in 

ThermInfo, since it is a many-many relationship where 28 columns with 

characteristic names were needed; 

3. Data Validity and Non-Uniformity  humans inserting data can be unreliable 

and there are many ways of entering the same data. The spreadsheets are 

unable to efficiently identify data errors and different spellings; 

4. Limiting Data View  a spreadsheet displays all rows and columns of the table 

which is bothersome in case of very large datasets, such as ThermInfo’s one. 

The dataset was composed by 3 different sheets, 57 columns and around 3,000 

lines. Additionally, there is a lack of detailed sorting and querying abilities. 

The spreadsheets are designed to analyze data and sort list items, not for long-

term storage of raw data; 

5. Performance and Capacity  low efficiency with large datasets due to the lack 

of indexes for accelerating the process of data search, and memory problems 

due to the load of unnecessary data; 

6. Multiuse and Data Entry  data entry forms are not enabled and when the data 

cannot be conveniently displayed in tabular view, fields for data entry are 

placed loosely within the spreadsheet. The multiuse requires a lot of discipline, 

attention, and knowledge from the users which is ineffective and data can be 

easily corrupted for larger groups of people; 

7. Sharing it with the Scientific Community  it is difficult keeping a single file 

with all the updates and restricting the users from accessing and updating 

information; 
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8. Evolution  the integration of new data, application of prediction methods, and 

developing other applications that use the dataset is difficult in a spreadsheet 

format. 

 

 All aspects mentioned above motivated us to develop our own system, 

ThermInfo, to collect and present structural information and thermochemical 

properties, tuned and adapted to meet our specific needs. The goal is to obtain a high 

quality system that evolves with time, works efficiently according to the purpose, 

furthermore overcoming the problems of spreadsheets, which guarantees the highest 

quality, uniqueness and consistency of each entry, plus cost effective to maintain and 

enhance. Additionally, ThermInfo is expected to lower the costs of research and 

provide an increased number of useful leads, especially when integrated with 

properties prediction tools. 

 The rest of this paper is structured as follows: Section 2 describes basic concepts 

of Chemistry; In Section 3 we present the ThermInfo system and its implementation; 

Section 4 presents the achieved results and discusses them; Finally, in Section 5, we 

express our main conclusions and directions for future work. 

2 Basic Concepts 

 High-throughput analytical methods for thermochemistry research generate 

heterogeneous data formats. ThermInfo contains experimental data about organic 

compounds, which can be divided into three categories: 
 

1. Structural data  composed by descriptors that specify the molecular structure 

of the compound [4]: 

 Molecular ID, is a unique and stable identifier for the entity with the format 

CONNNNN (N = digit); 

 Compound Name, is the name provided for an entity based on the current 

recommendations of International Union of Pure and Applied Chemistry 

(IUPAC)
3
; 

 CAS Registry Number (CASRN), is a unique numerical identifier created and 

assigned to a chemical substance by Chemical Abstract Service (CAS), it does 

not have any chemical significance and is assigned in sequential order to 

assure uniqueness. It has the format NNNNNNN-NN-N (1-7 digits, hyphen, 2 

digits, hyphen, 1 digit)
4
. The right-most digit is a check digit used to verify the 

validity and uniqueness of the entire number and it is calculated by taking the 

last digit times 1, the next digit times 2, the next digit times 3 and so on, 

adding all these up, and computing the sum modulo 10. For example, the CAS 
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number of methanol is 67-56-1: the checksum 1 is calculated as (6×1 + 5×2 + 

7×3 + 6×4) = 61; 61 mod 10 = 1; 

 Molecular Formula, identifies each constituent element of a compound by its 

chemical symbol and indicates the number of atoms of each element in 

subscript after the chemical symbol. The atoms are in CHXNOS (X = halogen) 

order. For example, the molecular formula of Benzenemethanol is C7H8O, 

which indicates that it has 7 atoms of carbon, 8 atoms of hydrogen and 1 atom 

of oxygen; 

 Chemical Structure, is a 2D structural diagram of the compound in JPG 

format; 

 Molecular Weight, is the mass of one molecule of that compound, relative to 

the unified atomic mass unit; 

 Physical State, are the distinct forms that different phases of matter take on, 

and can be: gas, liquid or crystal; 

 SMILES (Simplified Molecular Input Line Entry System), is a specification 

for describing the structure of chemical molecules using short ASCII strings. 

An important point about this is that there is a difference between upper and 

lower cases. For example, the cyclohexane has the SMILES C1CCCCC1, 

while the benzene has the SMILES c1ccccc1 [5]; 

 USMILES, is a special and unique SMILES among all valid possibilities for a 

given compound [6]; 

 Class, Subclass, Family, are hierarchical classifications according with the 

compound structure; 

 Characteristics, are tags according with the functional groups present in the 

molecule and other characteristics of the compound. 

 

2. Thermochemical Data  is related with the energy released or absorbed in 

chemical reactions, or in physical state transformations [7]: 

 Standard Molar Enthalpy of Formation and the associated error (in kJ·mol
-1

) 

for: 

o Crystalline Phase; 

o Liquid Phase; 

o Gas Phase; 

 Standard Molar Enthalpy of Phase Change and the associated error (in 

kJ·mol
-1

); 

 Observations, free text about the enthalpies values. 

 

3. References Data  complete references about the compound data, including: 

author(s), journal/book title, year, volume, and pages. 



 

 

3   Design Issues and Implementation 

 To develop ThermInfo we are doing multiple interactions of the following steps: 

system planning; requirements analysis; design; implementation; and maintenance. It 

is important to note that all these steps are monitored by users, in the first steps to 

evaluate their own and system needs, and in the last steps, to evaluate the system 

design and workability [8]. 

 

3.1 Functional Requirements 

 

 The major features of ThermInfo can be divided into two classes, according to its 

function (represented in Figure 1 [9]): 

 

1. Search for a Compound 

ThermInfo has two search methods available to enable both simple and complex 

queries: 

 Simple Search, provides a single text box that allows the users to search for 

an organic compound in the database, by entering a search term, such as, its 

name, molecular formula, molecular ID, CASRN, or SMILES; 

 Structural Search, provides multiple search fields that allow users to limit 

the search results to specific compound characteristics. 
 

 

Figure 1 – General overview of the functionality provided by ThermInfo in terms of actors, goals and 

dependencies between use cases. 

 
 

2. Data Management 

2.1 Insert Data  allows the users to insert new organic compounds to the 

database. However, the insertion of the structural, thermochemical, and 



 

 

reference(s) data is restricted to registered users. Before making this new 

data public an automatic pre-processing stage and a validation process, by 

an administrator, are performed in order to filter incorrect, ambiguous or 

non-unique data. The main purpose of this feature is to support the 

expansion of the database by the scientific community. 

2.2 Report Data Errors  if users find errors in ThermInfo database, they can 

report it to an administrator by email. 

2.3 Delete Data  allows the administrator to search for an outdated compound 

and delete it from the ThermInfo database. 

2.4 Update Data  allows the administrator to search for outdated/erroneous 

data about a compound and change it. 

2.5 Validate Data  allows the administrator to check for the new compounds 

inserted by ThermInfo users and approve or reject the insertion of new data 

into the ThermInfo database. 

2.6 Control Panel  allows the administrator to monitor the usage and the 

growth of the database. 

 

3.2 ThermInfo Database 

 

 We have designed a relational database which has to be flexible by eliminating 

redundancy, inconsistent dependency and to accommodate heterogeneous data: the 

structural and thermochemical properties of organic compounds and bibliographic 

references, selected and carefully evaluated from relevant scientific literature and 

described in the previous section. Figure 2 shows the Unified Modeling Language 

(UML) class diagram of the ThermInfo database, color coded according to the three 

categories of data and including the entities, relationships and attributes (with data 

type) [9].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2 - A UML class diagram of the 

ThermInfo database. The tables are arranged and 
color coded according to the data categories 

mentioned in the text: white to structural data, 

medium grey to thermochemical data, and dark 
grey to references. 

 



 

 

 The structural data category is composed by six related entities: the main entity, 

molecule, which contains the data that characterizes the compound and the 

enforcement of uniqueness assured by the CASRN, since it is a unique descriptor; 

each molecule can have one image with the chemical structure, that is specific to each 

molecule; each molecule can be classified by one class, subclass and family; each 

class, subclass and family can include several molecule’s; each molecule can have 

several characteristics or vice versa. The thermochemical properties data category is 

composed by one entity, data, which exists for one molecule (or vice versa). The 

references category is composed by one entity, reference, which can be related to the 

entity data. 

 

3.3 Interface 

 

 The web interface was developed according to the requirements described in the 

previous sections. Similar forms were applied to make it user friendly and fast 

learning. Figure 3 depicts a composite screenshot from the ThermInfo search 

interface. For searching, the user can use the Simple Search form (Figure 3a), typing 

the search term in the indicated format, select one of the five types of search, and type 

the security code (that protects our database against malicious scripts). If the search 

term is not in the correct format or the CASRN does not verify the check digit, the 

users will receive the adequate message, otherwise they will receive a list of 

maximum 100 most relevant hits, with the molecular ID, compound name, molecular 

formula, CASRN, and SMILES (Figure 3b), and a link to the complete information 

record of the compound (Figure 3c
5
). The Structural Search (Figure 4) uses the same 

procedure, but here the user can specify the structural characteristics of the compound 

and refine the search. 

 To Insert a new compound, the user needs to create an account or login into an 

existing one. A form with fields for structural, thermochemical, and references data is 

available. The data inserted will suffer a pre-processing step and the adequate 

messages will be presented if something is wrong. The inserted data will be placed in 

temporary tables waiting for an administrative validation. 

 To Delete or Update a compound, the administrator needs to search for the 

compound using its molecular ID. If it exists, it will display the compound 

information that can be deleted or changed. The outdated data will be moved to 

outdated tables. 

 To Validate a compound inserted by users, the administrator is able to see the 

compound data displayed in a table and mark it to be inserted on the database or to be 

moved to the outdated tables. The decision is automatically reported to the depositor. 
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Figure 3 - Composite screenshot example of a Simple 

Search. 

       a) Simple Search form with the query types listed. 
       b) List of results for the search. 

       c) Compound record. 

 

 
  

 

Figure 4 - Screenshot of the Structural Search form. 
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b 
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3.4 System Implementation 

 

 The ThermInfo database was developed using MySQL and phpMyAdmin for 

systematic and efficient content management and administration over the web. In 

order to populate the database, we developed Perl scripts to parse and import the data 

from the spreadsheets.  

 The user-friendly interface, consisting of dynamic web pages, is developed using 

HTML, CSS, Java Script, and PHP for data visualization and management. The data 

is served using Apache web server and the access control is made using .htaccess 

(hypertext access). 

 ThermInfo is accessible from its official website: http://www.therminfo.com. 

4   Results and Discussion 

 An overview of the ThermInfo database statistics in June 2009 is given in Figure 

5. It contains around 3,000 unique and non redundant compounds with structural data 

available for all of them. The histogram examination shows us the completeness and 

representativeness of the dataset. We expect to see an evolution in number of 

structures in the next years. 

 

  
Figure 5 - Graphical representation of the database statistics with the number of records on the database in 

the different categories of the dataset. 

 

 Our implementation is continuously being tested by group members with different 

backgrounds and is under improvement based on their feedback. An initial low 

fidelity prototype of the ThermInfo interface system was developed, in order to 

provide directions as initial design choices for layout. 

 Then, with the high fidelity prototype we did a usability evaluation with 10 

participants with high informatics knowledge, and 6 participants with high chemistry 

knowledge. To evaluate the usability of the interface, it was determined to carry out 

three tasks based on the features available to users of ThermInfo: Simple Search 

(search for a compound using a SMILES string); Structural Search (search for a 

compound based in four structural fields); and Insert Data (insert a new compound 

into de database filling five fields of the form). The evaluation focused on the time the 

Enthalpies 



 

 

user takes to perform the task and the number of errors committed. A questionnaire 

was also done, with the purpose of evaluating the easiness of the learning tasks, 

memorization of commands, and satisfaction in use. This questionnaire was focused 

in three opinion scale questions (from zero to five), each one aiming to evaluate the 

three points mentioned [10-11]. 

The results of usability evaluation are specified in Table 1. We obtained good 

times in performing the tasks proposed and few errors for the three tasks. The 

averages are similar in the two user groups. It is important to verify that for the last 

task (new compound insertion), although more complex than the first one (simple 

search), the users took shorter times to perform it and with fewer errors. This means 

that the similarity between the different forms/commands to realize the tasks allows a 

fast learning and improves the efficiency. The three subjective opinion questions, 

about the facility, memorization and satisfaction in use obtained very good results, all 

values higher than 4. All the users agreed that in future utilizations of ThermInfo  they 

would not commit the same errors. All suggestions, comments and errors were taken 

into consideration for a new phase of interface improving. 

 

Table 1 - Results of usability evaluation tests. The results are presented to all participants, 

group of information technologies experts (I) and chemistry experts (Chem).  

User 

Group 
N Task† 

Time 

average 

(seconds) 

St.dev.* Nr. of 

errors 
St.dev.* Facility 

(0-5) 

Memorization 

(0-5) 

Satisfaction 

(0-5) 

All 16 

1 66.4 18.2 0.6 0.8 

4.5 4.9 4.4 2 81.2 18.5 0.4 0.5 

3 64.1 11.9 0.1 0.3 

I 10 

1 58.9 15.6 0.3 0.5 

4.3 5 4.4 2 77.0 18.1 0.3 0.5 

3 59.0 12.1 0.1 0.3 

Chem 6 

1 77.7 16.8 1 1.1 

4.8 4.8 4.3 2 88.3 18.3 0.5 0.6 

3 72.5 4.1 0.2 0.4 
† Task 1 is related with the Simple Search, task 2 with Structural Search, and task 3 with Insert 

Data. 
* St. dev. – standard deviation of the mean value. 

 

5   Conclusions and Future Work 

 This paper presented ThermInfo, a public web tool for collecting and presenting 

structural, thermochemical and bibliographic data of organic compounds. The tool 

was implemented in order to store the data into a relational database overcoming  the 

problems presented by the use of spreadsheets. In addition, it provides a user and 

administrator interface for searching, inserting and managing the data. The 

development of this tool was  a non-trivial task since it required collaboration 

between informatics and chemists. 

We showed that ThermInfo will be a useful tool as an easy and free access source 

point for data fetching, which will be inevitable for chemical research and current 



 

 

needs. According to user surveys, it provides quick response times, as well as an 

intuitive and flexible interface. Compared with reputable commercial chemistry 

databases, ThermInfo is still a small database, however, its strength lies in the quality 

(due to the critical evaluation/validation of the data by thermochemists) and in the 

accessibility of the data provided. 

 

 While we will make significant efforts to screen the experimental data added, we 

request that the community participates in this process, expanding the thermochemical 

dataset. The organic compounds database compilation will be followed by 

organometallic, radicals, and inorganic databases. Furthermore, the integration with 

existing open source chemoinformatics tools, such as, JChemPaint
6
 (to draw chemical 

structures and combine it with textual query terms to further restrict searches), and 

OpenBabel
7
 (to convert a SMILES string in other chemical structure formats) will 

expand the capabilities of ThermInfo. As future work, we also expect the 

implementation and integration of prediction methods for thermochemical properties 

based on structure-energetics relationships [12-14]. 
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