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This article discusses the development of smart shape-memory polymers for use
in eco-friendly packaging materials, as well as materials capable of changing
properties under pH, such as shape, swelling, and color, opening up opportunities for
reusability, self-healing, and waste reduction. The paper presents the operating
principles, classification, and application examples of these materials. It also
describes the polymer systems being studied, based on PVA/CMC/PEG, which form
films and hydrogels with an optical response to pH and moderate thermal sensitivity.
The materials exhibit low solubility, controlled swelling, and change color or
fluorescence depending on the pH of the environment. The study reflects the author's
long-term vision for the development of a "polymer revolution™ aimed at creating
sustainable, adaptable, and safe materials for the future.
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Main part

1.Definition and introduction

Smart polymers are a class of materials capable of changing their
physicochemical properties (color, fluorescence, volume, permeability, or swelling
ratio) in response to external stimuli such as temperature, pH, ionic strength, light, or
redox conditions. Their key feature is their adaptability—their ability to respond to
environmental changes without the need for electronics or external power.

The primary mechanisms of operation of such systems involve dynamic changes
in the conformation of polymer chains and the rearrangement of intermolecular
interactions. This provides the material with reversible behavior: for example, the
ability to maintain a temporary shape and return to its original form upon heating or
changes in acidity.

The materials under study, based on polyvinyl alcohol (PVA), carboxymethyl
cellulose (CMC), and polyethylene glycol (PEG), form hybrid structures—films and
hydrogels—with optical pH response and moderate thermal sensitivity. These
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systems exhibit low solubility and controlled swelling, making them promising for
the creation of self-adaptive packaging materials and sensor coatings.

An advantage of the selected systems is their compatibility with aqueous
chemistry and biodegradable components, paving the way for the development of
safe and environmentally friendly solutions. Laboratory studies have confirmed the
optical response to changes in pH, and quantitative fluorescence calibration and
stability analysis are underway.

Potential future applications include:

— Indicator labels for smart packaging;

— Adaptive agrohydrogels for arid regions;

— Polymer "sponges" for oil spill containment;

— Biomedical devices, subject to chemical and safety certification.

Despite the early testing stage, the obtained results confirm the potential of the
developed systems as a basis for future smart materials combining functionality,
environmental friendliness, and technological adaptability.

2. Materials and Methods

The study was conducted on polymer composites based on PVA (polyvinyl
alcohol), CMC (carboxymethyl cellulose), and PEG. The systems formed films and
hydrogels designed to evaluate the optical response to pH and temperature-sensitive
properties.

PVA served as the primary film-forming agent, providing transparency and
barrier properties. CMC served as a hydrophilic matrix, regulating swelling and ionic
crosslinking through interaction with GA (glutaraldehyde). PEG served as an internal
modifier and plasticizer, increasing flexibility and reducing brittleness of the samples.

Three types of crosslinkers were used to control the network structure:

borate (boric acid, pH 8-9) dynamic bridges between PVA chains;

covalent (glutaraldehyde) crosslinkers were used only at the research stage with
subsequent washing. Fluorescein was used as an indicator, providing a visible and
fluorescent pH response. The indicators were introduced through an ethanol or
glycerol carrier for uniform distribution.

3.Results and Discussion

The fabricated samples demonstrated stable formation of transparent,
homogeneous films and hydrogels. All compositions exhibited low solubility and
controlled swelling in aqueous and slightly acidic media. Optical analysis revealed a
pronounced pH-dependent response: a hue shift and a change in fluorescence
intensity were observed when moving from acidic to alkaline conditions.

Moderate thermosensitivity was confirmed, manifested by changes in segment
mobility and water binding upon heating. The hydrogels demonstrated good
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mechanical reversibility and retained their structure after several swelling-drying
cycles.

This work is currently undergoing active laboratory testing, and all conclusions
are considered preliminary. The composition is being refined to improve
photostability, flexibility, and biocompatibility.

4.Development Prospects and Case Studies

Short-term (1-3 months)

Creation of external indicator labels and demonstration prototypes without
product contact.

Development of educational sensory models and microfluidic tests.

Medium-term (3-9 months)

Replacement of glutaraldehyde with safe crosslinkers

Introduction of barrier laminations, encapsulation of indicators, migration and
photostability control.

Long-term (9-18+ months) — Key Case Studies of the PolyNova Project

PolyNova SmartPack — a freshness indicator film for food products.

Reacts to pH changes associated with spoilage by changing color.

The goal is to reduce write-offs by 15-20% and increase consumer confidence.

PolyNova HealFilm — a medical hydrogel shell with pH and thermal response
for packaging pharmaceuticals and dressings. The goal is passive sterility monitoring
and the ability to self-seal minor defects.

PolyNova SensorNet — sensor elements based on PVA/CMC/PEG networks,
integrated into packaging or monitoring devices.

The goal is passive contaminant detection and air or water quality assessment
without electronics.

The development of smart shape-memory polymers based on PVA/CMC/PEG
demonstrates high potential for use in eco-friendly packaging materials. The systems
exhibit controlled swelling, optical response, and thermal sensitivity, making them
promising for indicator and sensor applications.

Preliminary results confirm the feasibility of creating hybrid architectures with
tunable properties; however, further optimization of the cross-linking chemistry,
stabilizers, and barrier coatings is required. In the long term, the PolyNova project
aims to develop a platform of "smart" biodegradable materials capable of combining
functionality, environmental safety, and adaptability.

This work lays the foundation for a future "polymer revolution,” where materials
not only serve as a shell but become an active element in the sustainable interaction
of humans, technology, and the environment.
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IKOJIOT'UAJIBIK TA3A KAIITAMA MATEPUAJITIAPBIHA APHAJITAH
AKBUIABI IIIIITHAI ECTE CAKTAY NIOJIMMEPJIEPIH 93IPJIEY

Hou Pammup

byn makanaoa skonoeusanvi masa xanmama mamepuanoapblHoa KOaO0aHy2a
apHan2au axwliovl NIWIHOL JHcadmul noaumepiepoi, conoau-ax pH owcagdaiivinoa
niWin, ICiHY JicaHe MyC CUsKmbl Kacuemmepoi e3ecepme alamblH Mamepuanioapobl
a3ipey, Kauma nauoaiamy, 63iH-e3i KAINblHA KeIMmipy HCoHe KanoblKmapobl A3aumy
MYMKIHOIKmMepin awaodvl. Makanaoa ocvl Mamepuaioapoviy JHCYMulC NPpUHYUnRmMepi,
JIcikmenyi  oicone  Konoawwlny —muicandapul  keamipineen. Cowoati-ax, pH-2a
ONMUKANLIK dcayan Oepemin JcoHe Oopmauia mMepMUsiblK ce3iMmanoviebl 6ap
niaenkanap men euopozenvoepoi myzemin PVA/CMC/PEG wuezizinoe zepmmenemin
noaumepnix  xcyuenep  cunamman2ad. Mamepuanoap memen  epiciumikke,
OaKbLIaHamMblH iCiHy2e JHcaHe Kopuiazan opmanvly pH-na oavinansicmel mycin Hemece
@rnyopecyenyuscoin 032epmyze ue. 3epmmey agmopovly OONAWAK YUliH MYPAKMbl,
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Oetiimoenziul Hcane Kayincis mamepuanoapobvl xeacayea bagzulmman2an «noauUMepiiK
PEBONIOYUSHBLY OAMINYEA APHANRAH Y3aK MeP3IMOi KO3KAPACHIH KOPCemeOi.

Kint ce3mep: Axpurnbl monmmepnep, mmmami sxaa, PVA, CMC, PEG, pH
Ce31MTaJIJIBIFbI, TeMIiepaTypara ce3IMTaJIJIBIK, TUAPOTEIBILD, KaIrrama
MaTepHaIIaphl, TYPAKTHUIBIK

PA3PABOTKA YMHBIX ITIOJIMMEPOB C TAMATBIO ®OPMbI IJIA
IKOJIOI'MYHBIX YITAKOBOYHbBIX MATEPHUAJIOB

Lou Pammup

B oannou cmamwve paccmampueaemcs pazpabomka UHMENLIEKM)ATbHbIX
noaumepos ¢ 3ghgexkmom namamu Gopmuvl O UCNONLIOBAHUSL 6 IKOJIOSUUHBIX
VNAKOBOUHBIX MAMEPUANLAX, A MAKHCE MAMEPUATLIO8, CNOCOOHBIX U3MEHAMb CEOUCMBA
8 sasucumocmu om pH, makue kax ¢popma, nabyxaumue u yeem, 4mo Omkpvieaem
B03MOJCHOCIMU OIS  NOBMOPHO20  UCNOJIL308AHUS,  CAMOBOCCMAHOGNEHUS. U
cokpawjeHusi omxo0o6. B cmamve npedcmaénenvl  NpUHYUNLL  OEUCMEUs,
K1accugukayus u npumepsbl NPUMEHeHUs. IMUX mamepuanos. Taxoce onucwlearomcs
ucciedyemvle noaumepHvle cucmemvl Ha ocHose IIBC/KMIL/IIDI, komopuvie
obpazyiom NJIeHKU U 2uopozeiu ¢ onmuyeckou peaxyuei Ha pH u ymepennou
MepMoYy8CMEUmMeIbHOCMbIO. Mamepuanwi 0eMOHCIMPUPYIOm HU3ZKYIO
PAacmeopumocmys,  KOHMpoqupyemoe Habyxanue U  U3MEHeHue yeema Uil
@nyopecyenyuu 6 3asucumocmu om pH okpyocaroweu cpeovl. Hccneoosanue
ompasicaem 00J120CPOUHOE BUOEHUE A8MOPA OMHOCUMENbHO PA3BUMUS «NOJIUMEPHOU
PesoNIoYULY, HANPABIEHHOU HA CO30aHue YCMOUYUBbIX, AOANMUBHLIX U OE30NACHbBIX
mamepuanos 6yoyuezo.

KiroueBble cjioBa: HMHTEIUIEKTyaJbHblE MOJIUMEpPHI, namaAth (opmel, TIBC,

KMLI, I112I", pH-4yBCTBUTENBHOCTD, TEMIIEPATYPHASI YyBCTBUTEIBHOCTD, TUAPOTEIH,
YIIAKOBOYHBIE MaTEPUAJIbI, YCTOMUYMBOE PA3BUTHE
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