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Currently, education and science in Ukraine are facing many new challenges, including war. These
challenges determine new priority areas of science and technology development, which in turn
affects scientists and students of higher education institutions. The significant pollution of natural
resources (marine environment, surface waters and soils) caused by active military operations is
the reason for the emergence of many new research projects Students of higher education
institutions, especially chemical, environmental, and technical majors, often face the problem of
choosing the analysis methods they will use in the experimental part of their coursework or thesis.
Also students often engage in scientific research, sometimes even within the framework of various
projects, including those related to monitoring the marine environment of Ukraine. Traditionally,
the selection process is accompanied by a lengthy and laborious literature search. But in recent
years, the rapid development of artificial intelligence has made it possible to significantly simplify
this process. The article is devoted to studying the relevance of information that ChatGPT-40 mini
provided in response to different formulations of prompts. The search concerned the selection of
analytical reagents for determining the iron content in water samples. By improving the prompts
step by step, recommendations for reagents for simultaneous determining of Fe(ll) and Fe(lll) in
water was received from ChatGPT-40 mini. The prompts were gradually made more complicated
by introducing limitations on application and reaction conditions. It was found that currently
ChatGPT-40 mini did not always effectively cope with the selection of reagents, but it can
somewhat simplify the literature search. However, it's possible that future versions of ChatGPT will
feature a more efficient reagent selection process.
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1. Introduction

Currently, education and science in
Ukraine are facing many new challenges,
including war. These challenges determine
new priority areas of science and technology
development, which in turn affects students of
higher education institutions. The significant
pollution of natural resources (marine
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environment, surface waters and soils) caused
by active military operations is the reason for
the emergence of many new research projects
(Kyrii et al.,, 2024; Litynska & Pelekhata,
2024). Such projects, especially those under
the auspices of the Ministry of Education and
Science, often involve undergraduate,
graduate, and postgraduate students to assist
in conducting research. The results of their
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work later become the basis for their
coursework and thesis. For example, in the
first year of the project “The novel selective
indicator systems for assessing the state of the
marine environment in Ukraine” 6 graduate
students and 2 master's students were
involved. One of the tasks of these students
was to find analytical methods for detecting
different metal ions in water. Traditionally,
this process is accompanied by a lengthy and
laborious literature search (Bolafos et al.,
2024). But in recent years, the rapid
development of artificial intelligence has
made it possible to significantly simplify this
process (Bolafios et al., 2024; Wagner et al.,
2021). Although the complexity of the search
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process using artificial intelligence is usually
imperceptible to the consumer due to the high
speed of the processes, in reality this search is
very multi-stage (Figure 1).

Often the search can be based on the use
of methods such as a natural language
processing (NLP)-based keyword
augmentation and screening (NKAS) (Ma et
al.,, 2022). Upon using the NKAS, the
quantity of pertinent papers decreased
compared to the original search. However, the
precision significantly increased (73.83% vs.
34.6%) and the recall also improved (98.4%
vs. 59.93%) when compared to the results
from the original search (Ma et al., 2022).
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Fig. 1. Main phases of the search process (Bolafios et al., 2024)

ChatGPT is one of the large language
models. Accordingly, it can also be used for
literary search (Wang et al, 2023

MATHEMATICAL MODELING AND OPTIMIZATION

Mostafapour et al., 2024). Although large
language models such as ChatGPT show
potential for a range of tasks, their use in
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systematic reviews presents considerable
challenges at the moment. These challenges
restrict ChatGPT’s ability to create thorough
and dependable search strategies, which are
essential in the systematic review process
(Parisi & Sutton, 2024).

But usage of ChatGPT also has certain
disadvantages. @ The  most  frequently
mentioned limitation of this large language
model is ChatGPT’s  propensity to
"hallucinate.”  Although ChatGPT can
theoretically create a search string, it
encounters difficulties with database-specific
syntax, often inventing index terms like
MeSH headings, and it cannot perform the
search once the string is created (Parisi &
Sutton, 2024; Alshami et al., 2023). In work
(Mostafapour et al., 2024) GPT-4 initially
identified 6 relational factors by utilizing
iterative prompts, starting with a broad
request. However, after being prompted for
additional factors multiple times, it became
clear that GPT-4 started to generate unrelated
factors after reaching 21, likely due to
hallucinations. In total, GPT-4 produced a list
of 21 relational factors and compiled 54
references. Among these 21 factors, 14%
were deemed irrelevant. Approximately 24%
of the references were classified as somewhat
related to the topic but lacking in strong
relevance, and 7.5% were identified as
irrelevant (Mostafapour et al., 2024).

The effectiveness of using ChatGPT
depends very much on the version (Bayer et
al., 2024; O’Leary, 2024). According to the
work (O’Leary, 2024), the versions 40 and 4
give more accurate results than the version
3.5. It is important that ChatGPT-40 is
capable of swiftly executing real-time
translations across various languages, creating
interactive content, simulating human-like
speech, and generating personalized material.
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Given these key functionalities, it is
anticipated that ChatGPT-40 will see
extensive use in personal learning settings.
Additionally, with further developments in
the model's background, it could yield more
meaningful and realistic responses (Bayer et
al., 2024).

2. Materials and methods

ChatGPT-40 mini (OpenAl, 2024a) was
used to select methods and reagents for
determining iron content in water samples.
ChatGPT-40 mini is a version of ChatGPT
that has a reduced amount of parameters
compared to the full version of ChatGPT-4.
This model is designed to optimize speed and
reduce resource requirements, making it
convenient for use on devices with limited
capabilities. The GPT-40 mini outperforms
GPT-3.5 Turbo and other smaller models on
academic benchmarks, excelling in both
textual intelligence and multimodal reasoning.
It also supports the same range of languages
as GPT-40 (OpenAl, 2024b).

We analyzed the results of search and
compared them with the data we found
personally. Then, the search results were
checked for consistency by comparing the
properties and costs of different reagents. All
prices in the comparison were indicated as of
January 2025.

3. Results and Discussion

Since there are a very large number of
very expensive reagents for determining iron
content, which are inaccessible to most
Ukrainian scientists and students, the prompts
included the word "cheap”.

Prompt 1. Find the names of cheap

reagents for determining the iron content in
water.
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Answer. There are several inexpensive
reagents commonly used for determining iron
content in water. Here are a few:

1. 1,10-Phenanthroline

- A colorimetric reagent that forms a
complex with iron, allowing for measurement.

2. Ferrozine

- Another colorimetric reagent that
selectively binds to ferrous ions, providing a
visual indication that can be measured.

3. Potassium thiocyanate (KSCN)

- Forms a red complex with iron ions,
which can be wused in titrations and
colorimetric assays.

4. Calcium hydroxide (Ca(OH).)

- Used to adjust pH in some tests,
making detection of iron more effective.

5. Sodium bicarbonate (NaHCO3)

- Commonly used for adjusting the pH
in a sample solution, which can enhance iron
solubility.

Make sure to follow safety guidelines
when handling any chemicals, and consult
specific protocols for the most accurate
results.

As can be seen from the answer to
prompt 1, ChatGPT-40 mini included in the
list some compounds (calcium hydroxide and
sodium bicarbonate) that are not directly
related to the determination of iron content.
Therefore, in the next prompt, we replaced
“reagents” with the term “chromogenic
compounds” to exclude such reagents from
being included in the list.

Prompt 2. Find the names of cheap
chromogenic compounds for determining iron
content in water.

Answer. Here are some inexpensive
chromogenic compounds that can be used for
determining iron content in water:

MATHEMATICAL MODELING AND OPTIMIZATION
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1. 1,10-Phenanthroline
- Forms a colored complex with
ferrous ions, allowing for spectrophotometric
measurement.

2. Ferrozine

- A popular reagent that forms a
highly stable complex with ferrous ions,
yielding a measurable color change.

3. Benzene-1,2-diol (Catechol)

- Can react with iron, producing a
colored product that can be quantified.

4. Sulfoquinoline

- Forms a colored complex with iron
and can be used in colorimetric assays.

5. 2,4-Dihydroxyacetophenone

- Reacts with iron, generating a
colored solution that can be analyzed.

These chromogenic compounds are
typically easy to obtain and economical,
making them suitable for laboratory analyses
of iron in water. Always refer to specific
procedures for preparation and measurement.

All of the compounds listed in the
answer to prompt 2, excluding sulfoginoline,
are indeed directly related to the
determination of content of different iron
species. Among compounds with a similar
name, 5-sulfoquinoline-8-ol can be used to
detect iron. The next prompt narrowed this
list down to one item.

Prompt 3. Find the name of the
cheapest  chromogenic  compound  for
determining iron content in water.

Answer. The cheapest chromogenic
compound commonly used for determining
iron content in water is 1,10-Phenanthroline.

This compound is cost-effective and
forms a colored complex with ferrous ions,
making it a popular choice for
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spectrophotometric  analyses in  various
laboratories.

1,10-phenanthroline is indeed a
chromogenic component, but it forms a
colored compound only in Fe(ll) (Komadel &
Stucki, 1988), while in surface waters the
main form is Fe(lll), which creates some
difficulties in analysis.

Prompt 4. Find the name of the
cheapest  chromogenic  compound  for
determining total iron content in water.

Answer. The cheapest chromogenic
compound for determining total iron content
in water is ferrozine. Ferrozine forms a stable,
intensely colored complex with iron(ll),
which can be quantified
spectrophotometrically. It is widely used in
analytical methods due to its affordability and
sensitivity for measuring total iron (both
Fe(I1) and Fe(111)) after reduction.

But ferrozine, like 1,10-phenanthroline,
forms a colored compound only with Fe(ll).
That is, the determination process requires an
additional reduction stage, which complicates
the determination. Therefore, in the next
prompt, "determining total iron content" was
replaced with "simultaneous determining of
Fe(ll) and Fe(l11) without additional reduction
step”.

Prompt 5. Find the name of the
cheapest chromogenic  compound  for
simultaneous determining of Fe(ll) and
Fe(lll) in water without additional reduction
step.

Answer. The cheapest chromogenic
compound for the simultaneous determination
of Fe(ll) and Fe(lll) in water, without the
need for an additional reduction step, is

MATEMATUYHE MOJEIIOBAHHA TA OIITUMI3AIILA
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3,3',5,5'-tetramethylbenzidine (TMB). TMB
reacts with both Fe(ll) and Fe(l1l), producing
a color change that can be measured
spectrophotometrically, allowing for the
simultaneous determination of both iron
forms. It’s a commonly used reagent due to its
cost-effectiveness and ease of use in
colorimetric assays.

But according to the work (Yang et al.,
2018), 3,3',5,5'-tetramethylbenzidine does not
form colored compounds with Fe(ll). That is,
the use of this compound requires an
additional oxidation step for Fe(ll) in the case
of the simultaneous presence of both species.
Therefore, the word "oxidation" was added to
the next prompt.

Prompt 6. Find the name of the
cheapest chromogenic  compound  for
simultaneous determining of Fe(ll) and
Fe(lll) in water without additional reduction
or oxidation step.

Answer. The cheapest chromogenic
compound for the simultaneous determination
of Fe(ll) and Fe(lll) in water, without
requiring additional reduction or oxidation
steps, is 1,10-phenanthroline. This compound
forms stable, colored complexes with both
Fe(ll) and Fe(lll), allowing for their
simultaneous measurement in water. It’s
widely used because it’s affordable, simple to
apply, and sensitive enough to distinguish
between the two oxidation states without
needing extra chemical treatments.

Since the complex of phenanthrolite
with Fe(ll1) is colorless, the mandatory stage
of the analysis is the reduction of Fe(lll) to
Fe(ll) (Komadel & Stucki, 1988). That is, in
this case, a typical case of ChatGPT’s
“hallucination” was observed.

52



Water & Water Purification Technologies. Scientific and Technical News

Table 1 reviewed all chromogenic
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compounds suggested by ChatGPT-40 mini.

Table 1. Comparison of chromogenic compounds suggested by ChatGPT-40 mini

Chromogenic
compound

Iron species
detection

(ChatGPT-40 mini)

Iron species
detection
(literature)

Price, UAH/Kkg

1,10-Phenanthroline Fe(l1) and Fe(l11)

Fe(Il), Fe(l) after 24000.0-712950.0

reduction
Ferrozine Fe(ll) Fe(Il), Fe(lll) after | Not available for sale
reduction
Potassium thiocyanate | Without specification | Fe(lll), Fe(ll) after 806.4-17144.9
oxidation
Catechol Without specification | Fe(lll), Fe(Il) after 26934.3-30240.0
oxidation
Sulfoquinoline Without specification - -
2,4- Without specification Fe(ll1) Not available for sale

Dihydroxyacetophenone

3,3.,5,5-
Tetramethylbenzidine

Fe(l1) and Fe(111)

Fe(l11), Fe(ll) after
oxidation

54000.0-2437304.4

Table 1 showed that all the reagents
suggested by ChatGPT-40 mini are unsuitable
for simultaneous determining of Fe(ll) and
Fe(lll) in water without additional reduction
or oxidation step. In addition, most of the
proposed reagents were very expensive,
meaning the result clearly did not meet the
requirement of cheapness that was specified
in the prompts. Sulfosalicylic acid never
appeared in the responses to the prompts,
even though it perfectly met the requirements.
This is an inexpensive compound (836.0-
870.0 UAH/kg) that is suitable for
determining total iron. Fe(lll) forms different
colored complexes with sulfosalicylic acid
depending on the pH. At pH 1.8-2.5, the
formed complex has a red-violet color with
maximum absorbance at a wavelength of
510 nm (Laboratory Work No. 2, 2024).
When the pH increases to 4-8, a red-brown
bis-complex is formed. But this complex is
not used for analytical purposes due to its low
stability (Salvado et al., 1990). In an alkaline
medium at pH 9.0-11.5, a yellow
trisulfosalicylate complex is formed with
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maximum absorbance at a wavelength of
416 nm, but at pH > 12, the complex
decomposes with precipitation of iron
hydroxide (Laboratory Work No. 2, 2024).
Although the yellow complex is somewhat
less stable than the purple complex, it is
characterized by higher absorbance values at
the same iron concentrations (Laboratory
Work No. 2, 2024; Salvado et al., 1990). In an
alkaline medium, due to the easy oxidation of
Fe (Il) to Fe (111) with sulfosalicylic acid, the
total iron content can be determined
(Laboratory Work No. 2, 2024).

Since ChatGPT-40 mini never gave
sulfosalicylic acid in its response, it is
advisable to check whether this information is
among the data available to ChatGPT-40
mini.

Prompt 7. Is it possible to determine
the total iron content in water using
sulfosalicylic acid?

Answer. Yes, it is possible to determine
the total iron content in water using
sulfosalicylic acid. This method involves
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adding sulfosalicylic acid to a water sample
containing iron, which forms a colored
complex with iron ions. The intensity of the
color produced is proportional to the
concentration of iron present. You can
measure the absorbance of the solution using
a spectrophotometer to quantify the iron
content. This method is often used for its
sensitivity and simplicity in environmental
water analysis.

Therefore, the neural network has
information about the possibility of using
sulfosalicylic acid to determine the content of
total iron, but it did not indicate this reagent
among the list of reagents in the responses to
the previous prompts. Therefore, the
effectiveness of using ChatGPT-40 mini in
selection of analytical methods was still quite
low. But perhaps in future versions of
ChatGPT, reagent selection will become more
efficient.

6. Conclusions

Currently, education and science in
Ukraine are facing many new challenges,
including war. These challenges determine
new priority areas of science and technology
development, which in turn affects students of
higher education institutions. The significant
pollution of natural resources (marine
environment, surface waters and soils) caused
by active military operations is the reason for
the emergence of many new research projects.
Traditionally, this process is accompanied by
a lengthy and laborious literature search. But
in recent years, the rapid development of
artificial intelligence has made it possible to
significantly simplify this process. ChatGPT
is one of the large language models and can
be used for search of analytical methods and
reagents.
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By improving the prompts step by step,
we received from ChatGPT-40 mini
recommendations for reagents for
simultaneous determining of Fe(ll) and
Fe(l1l) in water. All the reagents suggested by
ChatGPT-40 mini are unsuitable for the
simultaneous determination of Fe(ll) and
Fe(ll1) in water without additional reduction
or oxidation steps. In addition, there were
typical cases of ChatGPT’s “hallucination”,
when ChatGPT-40 mini provided non-
existent information. Furthermore, many of
the proposed reagents were costly, failing to
meet the affordability criteria specified in the
prompts. Sulfosalicylic acid was never
mentioned, despite being a perfect match for
the requirements. It is an inexpensive
compound that works well for determining
total iron under alkaline conditions. As a
result, the effectiveness of ChatGPT-40 mini
in selecting appropriate analytical methods
remains quite low. However, it's possible that
future versions of ChatGPT will feature a
more efficient reagent selection process.
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BUKOPUCTAHHSA WITYYHOI'O IHTEJIEKTY JISA BUBOPY
AHAJIITUYHUX PEATEHTIB, HA IPUKJIAJIIl BUBHAYEHHSA
BMICTY ®EPYMY Y 3PA3ZKAX BOAA

Jimuncoka M1
! HanionanpHuit TexHiuamii yHiepcuter Ykpainu

«KuiBcbkuii nmonitexHiyHui iHCTUTYT iMeHi Iropst Cikopcskoro», Ykpaina

m.litynska-2017 @kpi.ua

Hapasi oceéima ma nayka 6 Yxpaini cmukaiomvcs 3 bOazamvma HOBUMU BUKIUKAMU, 30KpeMd
gitiHo0. L]i 8UKIUKU 8U3HAYAIOMb HOBI NPIOPUMEMHI HANPAMKU PO3BUMKY HAVKU | MeXHIKU, Wo, y
CB0I0 uepey, 6NIUBAE HA HAYKOBYIE mMa CMYOeHmié SUWUX HABUANbHUX 3aKAAdie. 3HauHe
3a0pyOHeHHs: NpupoOHuUxX pecypcie (Mopcbko2o cepedosuwya, NOGEPXHesUX 600 Ma IPYHMIG),
CHpUYUHeHe aKMUGHUMU GIUCLKOBUMU OIIMU, € NPUUUHOIO NOABU OA2AMbOX HOBUX O0CHIOHUYbKUX
npoexmig. CmyoeHmu GUuUX HAGYAIbHUX 3aK1A0I8, 0COOIUBO XIMIUHUX, eKOTO2IYHUX MA MEeXHIUHUX
cneyianbHOCmen, Yacmo CMUKAlOmucs 3 Hpobiemolo 6ubopy Mmemoodié auanisy, sAKi 60HU
BUKOPUCMOBYBAMUMYMb 8 eKCNePUMEHMANbHIU YACMUHI C80€I KYpPCo8oi pobomu uu OUNIOMHOL
pobomu. Takodxc cmyoeHmu yYacmo 3aUMAIOMbCA HAYKOBUMU OOCNIONCEHHAMU, THOOI HABIMb )
PAMKaxX PIi3HUX NPOEKMIB, 30KpeMd Mux, wo No8'sa3ani 3 MOHIMOPUHSOM MOPCbKO2O Cepedosuyd
Yxpainu. Tpaouyitino npoyec 8ubopy cynpogooxCyeEmvcsa mpusaium ma mpyoomMicCmKuUM NOULYKom
nimepamypu. Ane 6 ocmanHi poKu WEUOKUL PO3GUIMOK UWIMYYHO20 [HMeNeKm)y 00380JU8 3HAYHO
cnpocmumu  yeti npoyec. Cmamms NPUCBAYEHA BUBYEHHIO AKMYANbHOCMI IH@opmayii, AKY
ChatGPT-40 mini nadasas y 6ionosiov na pisni gopmynosanns zanumis. Ilouyk cmocyeaécs
8UOODPY AHANIMUYHUX peaceHmi6 Ol GU3HAYeHHS eMicmy Gepymy y 3paskax oou. Lllnsxom
noemanto2o 80ockonanenus sanumie, 6io ChatGPT-40 mini 6yiu ompumani pexomenoayii wooo
peazenmie 0nsi  oonouacrnozo euznauvenns Fe(ll) ma Fe(lll) y 600i. 3anumu nocmynoso
VCKIAOHI0BANUCS ULNAXOM 86€0€HHS 0OMeNHCEeHb HA 3aCMOCY8AHNA Ma YM08 peakyii. byno euseneno,
wo Hapazi ChatGPT-40 mini xe 3aeicou epekmusHo cnpagisiemvcs 3 6UOOPOM peazenmis, aie ye
Modxce dewo cnpocmumu nowlyk aimepamypu. Oonax, moxcauso, wjo mauoymui eepcii ChatGPT
Mamumyms epekmugHiuul npoyec ubOPy peazenmis.

Knruosi cnosa: subip peazenmis, eusnenns gepymy, ChatGPT-40 mini, xpomocenni cnonyku,
WmyuHUll iHmenexm
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